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65.1 INTRODUCTION

The 12-Bit, High-Speed Pipeline A/D Converter module represents a departure from previous
PIC24F A/D Converters, incorporating many enhancements for speed and autonomous
operation. It is capable of sampling up to once per A/D clock cycle, and supports a wide range of
automatic sampling and accumulation options that reduce the need for CPU intervention during
even the most complex operations. It also has tighter integration with other on-chip analog
modules and a configurable results buffer.

The 12-Bit, High-Speed Pipeline A/D Converter has the following key features:

» Conversion Speeds of up to 10 Msps

» Up to 50 Analog Single-Ended, Input Channels or up to 15 Unique Differential Input
Channel Pairs

* Multiple Internal Reference Input Channels
» Multiple Internal and External Voltage Reference Options
» 12-Bit Conversion Resolution

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

» Extended, Fully Programmable Channel Scanning Sequences from up to Four Different
Sample Lists

» Automated Conversion Result Accumulation

» Selectable Conversion Trigger Source

« Internal 32-Word, Configurable Conversion Result Buffer

» Eight Options for Results Alignment

» Configurable Interrupt Generation

» Operation during CPU Sleep, Idle and Doze modes, with Extended Module-Specific
Power-Saving Options

A simplified block diagram for the module is shown in Figure 65-1.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

Figure 65-1:  12-Bit, High-Speed Pipeline A/D Converter Block Diagram
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65.2 A/D TERMINOLOGY AND CONVERSION SEQUENCE

Sample time is the time that the A/D module’s Sample-and-Hold (S/H) capacitor is connected to
the analog input pin. The sample time is started and ended automatically by the A/D Converter’s
hardware, in response to a trigger event or under direct program control. There is a minimum
sample time to ensure that the S/H capacitor will give sufficient accuracy for the A/D conversion.

The A/D trigger event starts the sampling time. Once this time has elapsed, the hardware automat-
ically begins an A/D conversion. The A/D trigger sources can be taken from a variety of hardware
sources or can be controlled directly in software.

Conversion time is the time required for the A/D Converter to convert the voltage held by the
S/H capacitor. When the conversion is complete, the result is loaded into one of the A/D result
buffers. A CPU interrupt can also be generated once the conversion result is available.
Figure 65-2 shows the basic conversion sequence and the relationship between intervals.

Figure 65-2: A/D Sample/Convert Sequence

A

Total A/D Sequence Time

Y

Sample Time A/D Conversion Time
A A A
A/D trigger initiates sampling Conversion complete, result is loaded
process (hardware or software into A/D Buffer register.
event). Interrupt is generated (optional).

Sampling period ends; S/H capacitor
disconnected from input.
Conversion process starts.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.3 REGISTERS

Depending on the specific device, the Pipeline A/D Converter implements up to 151 registers. The
majority of these are Sample List Control registers and A/D Results Buffer registers. At a minimum,
only six registers need to be programmed to use the module and generate conversion results.

Refer to the specific device data sheet for details on which registers and features are actually
implemented.

65.3.1 Control Registers

In its full implementation, the Pipeline A/D Converter uses 113 control registers.

Five registers control global operation:

.

ADCON1 through ADCON3 (Register 65-1 through Register 65-3) control core A/D opera-
tions, including sampling clock rate, selection of voltage references, operation of charge
pumps, result buffer configuration, data format and use of Sample Lists.

ADSTATH and ADSTATL (Register 65-4 and Register 65-5) contain the status flags for
top-level module functions, as well as the lower level interrupt flags.

Ninety-six registers control the selection, configuration and execution of the Sample Lists:

ADLNnCONH and ADLNCONL (n = 0 through 3) (prototype registers, Register 65-6 and
Register 65-7) configure Sample List operations, including Sample List size, trigger
sources, Threshold Detect and Compare mode, and interrupt generation. There is one
ADLNCONL and ADLnCONH register for each of the four Sample Lists.

ADLNSTAT (n = 0 through 3) (prototype register, Register 65-8) contains the status and
interrupt flags for the Sample Lists. There is one of each register for each of the four
Sample Lists.

ADLNPTR (n = 0 through 3) (prototype register, Register 65-9) contains the Address Pointer
for the Sample List. There is one register for each Sample List.

ADTBLn (n = 0 through up to 63) (prototype register, Register 65-10) configures the
sampling and channel selection setup for each item in the Sample List. All implemented
registers are available to any of the four Sample Lists.

ADLNMSELX (n = 0 through 3, x = 0 through 3) (prototypes, Register 65-17 through
Register 65-20) selects the analog channels to be used with the Sample Lists for
multi-channel sampling. There are four ADLNMSELX registers (ADLNMSELO through
ADLNMSELS3) for each of the Sample Lists, for a total of 16 registers.

Twelve registers control accumulator and Threshold Detect operations:

ACCONH and ACCONL (Register 65-11 and Register 65-12) configure the operation of the
hardware accumulator.

AD1CHITH and AD1CHITL (Register 65-13 and Register 65-14) track any positive results
per Sample List item during threshold compare operations.

ADTHNnH and ADTHnL (n = 0 through 3) (prototype registers, Register 65-15 and

Register 65-16) set the high and low values, respectively, for threshold compare operation
on Sample Lists. There are two registers (ADTHnH and ADTHnL) for each Sample List, for
a total of 8 registers.

ADTMRPR is a 16-bit counter that defines the period for the trigger timer. See

Section 65.6.1 “Internal Trigger Timer” for more details.

65.3.2 Data and Buffer Registers

In its full implementation, the Pipeline A/D Converter uses 35 data registers.

ADRESO through ADRES31 are the memory-mapped result buffers. Depending on the operating
and buffer modes selected, the result buffer number may correspond to a particular to an item in
a Sample List, or to the item’s place in the sampling order. Even though the conversion resolution
is 12 bits, result buffers are a full 16 bits wide to accommodate different data formatting options.
See Section 65.5.2 “Buffer Data Formats” for more information. Depending on the specific
device, not all of the 32 result buffers may be implemented.

ACCRESH and ACCRESL store the 32-bit results of hardware Accumulator operations. See
Section 65.12 “Sample-and-Accumulate Operations” for more details.
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Register 65-1:

ADCONZ1: A/D Control Register 1

-n = Value at POR

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADON — ADSIDL ADSLP FORM3 FORM2 FORM1 FORMO
bit 15 bit 8
R/W-0 R/W-0 U-0 U-0 U-0 U-0 uU-0 R/W-0
PUMPEN | ADCAL® — — — — — PWRLVL®)
bit 7 bit 0

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

‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14
bit 13

bit 12

bit 11-8

bit 7

bit 6

bit 5-1
bit 0

Note 1:

ADON: A/D Module Enable bit

1 = Module is enabled

0 = Module is disabled (registers are still readable and writable)
Unimplemented: Read as ‘0’

ADSIDL: A/D Stop in Idle Control bit

1 = Halts when CPU is in Idle mode

0 = Continues to operate in CPU Idle mode

ADSLP: A/D Suspend in Sleep Control bit

1 = Continues operation in Sleep mode

0 = Ignores triggers and clocks when CPU is in Sleep mode
FORM<3:0>: Data Output Format bits

1xxx = Unimplemented, do not use

0111 = Signed Fractional (sddd dddd dddd 0000)
0110 = Fractional (dddd dddd dddd 0000)

0101 = Signed Integer (ssss sddd dddd dddd)
0100 = Integer (0000 dddd dddd dddd)

0011 = Signed Fractional (sddd dddd dddd 0000)
0010 = Fractional (dddd dddd dddd 0000)

0001 = Signed Integer (ssss sddd dddd dddd)
0000 = Integer, Raw Data (0000 dddd dddd dddd)

PUMPEN: Analog Channel Switch Charge Pump Enable bit

1 = Charge pump for switches is enabled, reducing switch impedance“)
0 = Charge pump for switches is disabled

ADCAL: A/D Internal Analog Calibration bit(?)

1 = Initiates internal analog calibration

0 = No operation

Unimplemented: Read as ‘0’

PWRLVL: Power Level Select bit(®)

1 = Full power, maximum conversion rate; A/D clock rates from 1 MHZ to 10 MHz are allowed
0 = Low power, reduced frequency operation; A/D clock rates from 1 MHz to 2.5 MHz are allowed

Use of the channel switch charge pump is recommended when AVDD<2.5V.

2: When set, ADCAL remains set for at least one TAD and is then automatically cleared by hardware. Manu-
ally clearing the bit does not necessarily cancel the calibration routine. Calibration is complete when
ADSTATH<1> = 1.

3: Whenever PWRLVL is set to ‘1’, a delay of 50 uS should be implemented before the next A/D conversion.

DS30686A-page 65-6
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

Register 65-2:  ADCON2: A/D Control Register 2

R/W-0 R/W-0 U-0 R/W-0 u-0 R/W-0 R/W-1 R/W-1
PVCFG1 PVCFGO — NVCFGO — BUFORG | ADPWR1™" | ADPwWR0O(™
bit 15 bit 8
R/W-0 R/W-0 U-0 u-0 u-0 u-0 R/W-0 R/W-0
BUFINT1(@ | BUFINTO® — — — — REFPUMP®) | ADHALT(
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 PVCFG<1:0>: A/D Converter Voltage Reference Configuration for ADREF+ bits
11 = Unimplemented

10 = Internal band gap source

01 = External VREF+

00 = AvDD

bit 13 Unimplemented: Read as ‘0’

bit 12 NVCFGO0: A/D Converter Voltage Reference Configuration for ADREF- bit
1 = External VREF-
0 = Avss

bit 11 Unimplemented: Read as ‘0’

bit 10 BUFORG: Internal Buffer Organization Control bit

1 = Internal buffer is organized as an indexed buffer; Channel n conversions are stored in Register n
0 = Internal buffer is organized as an n-deep FIFO buffer

bit 9-8 ADPWR<1:0>: A/D Power Mode Select bits (between trigger events)“)

When ADHALT =1

xx = Module remains powered down in all Power Managed modes

When ADHALT =0

11 = Module remains active in all Power-Managed modes

10 = Reserved

01 = Module is powered down in Sleep and Idle modes (when not converting)
00 = Module is always powered down when not converting

bit 7-6 BUFINT<1:0>: FIFO Buffer Interrupt Control bits(?

11 = Interrupt after buffer is full and stops (hardware clears SLEN bit)

10 = Interrupt when buffer is half full

01 = Interrupt when buffer is one-quarter full

00 = No interrupt

bit 5-2 Unimplemented: Read as ‘0’

bit 1 REFPUMP: A/D Reference Charge Pump Control bit()

1 = Reference charge pump is enabled, to minimize internal sampling error
0 = Reference charge pump is disabled (suitable for all reference voltage levels)

bit 0 ADHALT: A/D Suspend bit(")

1 = Ignores triggers and clocks in all modes; however, conversions still in progress will complete
0 = Operates as normal (continues on from suspend point)

Note 1: ADHALT and/or ADPWR<1:0> are not implemented on all devices; in these cases, the definitions of these
bits may differ. Refer to the specific device data sheet for details.

2: BUFINT<1:0> is forced to ‘00’ when the buffer is operating in Indexed mode (BUFORG = 1).
3: Use only when the magnitude of the A/D reference is less than (0.65 * AVDD).

© 2013 Microchip Technology Inc.
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Register 65-3: ADCONZ3: A/D Control Register 3

R/W-0 u-0 U-0 U-0 R/W-0, HC R/W-0,HC R/W-0,HC R/W-0,HC
ADRC( — — — SLEN3 SLEN2 SLEN1 SLENO
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
ADCS7@ | ADcs6® | ADcss5@ | ADcs4® | ADcs3® | apcs2@ | ADcs1® | ADCs0®
bit 7 bit 0

Legend: HC = Hardware Clearable bit

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 ADRC: A/D Conversion Clock Source (TSRC) bit(1)

1 = Conversion clock is derived from FRC (TSRC = TFRC)
0 = Conversion clock is derived from the system clock (TSRC = TSYS)

bit 14-12 Unimplemented: Read as ‘0’

bit 11 SLEN3: A/D Sample List 3 Enable bit
1 = Sampling for this list is enabled; triggers defined by ADL3CONL<12:8> are processed
0 = Sampling for this list is disabled

bit 10 SLEN2: A/D Sample List 2 Enable bit
1 = Sampling for this list is enabled; triggers defined by ADL2CONL<12:8> are processed
0 = Sampling for this list is disabled

bit 9 SLEN1: A/D Sample List 1 Enable bit
1 = Sampling for this list is enabled; triggers defined by ADL1CONL<12:8> are processed
0 = Sampling for this list is disabled

bit 8 SLENO: A/D Sample List 0 Enable bit

1 = Sampling for this list is enabled; triggers defined by ADLOCONL<12:8> are processed
0 = Sampling for this list is disabled

bit 7-0 ADCS<7:0>: A/D Conversion Clock Prescaler bits(2)
TAD = TSRC * (2 * ADCS<7:0>)
11111111
11111110
. = Reserved
00100010
00100001

00100000 =32 * TSRC
00011111 =31 *TSRC

00000010 =4 *TSRC
00000001 =2 * TSRC
00000000 =TSRC

Note 1: This bit must be set for Sleep operation.
2: Final conversion clock frequency must be between 1 MHz and 10 MHz.

DS30686A-page 65-8 © 2013 Microchip Technology Inc.
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Register 65-4:  ADSTATH: A/D Status Register High

U-0 U-0 uU-0 u-0 U-0 uU-0 u-0 u-0
bit 15 bit 8
u-0 u-0 U-0 uU-0 u-0 R-0 R-0 R-0
— — — — — PUMPST ADREADY ADBUSY
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 15-3 Unimplemented: Read as ‘0’
bit 2 PUMPST: A/D Boost Pump Status bit

1 = The A/D boost pump is active
0 = The A/D boost pump is Idle
bit 1 ADREADY: A/D Analog Ready bit

1 = The analog portion of the A/D is internally calibrated and ready
0 = The analog portion of the A/D is not ready

bit 0 ADBUSY: A/D Busy bit
1 = A/D conversion is in progress
0= A/Dis Idle

O
O
9%
3%
=
D
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]
=
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Register 65-5: ADSTATL: A/D Status Register Low

uU-0 U-0 u-0 u-0 U-0 uU-0 u-0 R/W-0
— — — — — — — SLOV
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — BUFIF ACCIF sL3IFM sL21IF sL1FM SLoiIF™
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 15-9 Unimplemented: Read as ‘0’
bit 8 SLOV: A/D Sample List Error Event bit
1 = A buffer overflow has occurred and data has been lost
0 = No buffer overflow has occurred
bit 7-6 Unimplemented: Read as ‘0’
bit 5 BUFIF: Internal Buffer Interrupt Event bit
1 = Buffer has been filled to the notification level defined by BUFINT<1:0>
0 = Internal buffer has not been filled
bit 4 ACCIF: Accumulator Counter Interrupt Event bit
1 = Accumulator counter has counted down to zero
0 = Accumulator counter has not reached zero
bit 3 SL3IF: A/D Sample List 3 Interrupt Event bit(!)
1 = Aninterrupt event (defined by ADL3CONH<14:13>) has occurred in Sample List 3
0 = An interrupt event has not occurred
bit 2 SL2IF: A/D Sample List 2 Interrupt Event bit(!)
1 = Aninterrupt event (defined by ADL2CONH<14:13>) has occurred in Sample List 2
0 = An interrupt event has not occurred
bit 1 SL1IF: A/D Sample List 1 Interrupt Event bit(")
1 = Aninterrupt event (defined by ADL1CONH<14:13>) has occurred in Sample List 1
0 = An interrupt event has not occurred
bit O SLOIF: A/D Sample List 0 Interrupt Event bit(")
1 = Aninterrupt event (defined by ADLOCONH<14:13>) has occurred in Sample List 0
0 = An interrupt event has not occurred
Note 1: These bits mirror the ADLIF flag bits for the corresponding ADLnSTAT registers. Changes in the ADLIF bit

are simultaneously reflected in the SLxIF bits.
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Register 65-6: ADLNnCONH: A/D Sample List n Control 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
ASEN SLINT1 SLINTO WM1 WMO CM2 CcM1 CMO

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
CTMEN PINTRIS MULCHEN SAMC4 SAMC3 SAMC2 SAMC1 SAMCO

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 ASEN: A/D Auto-Scan Enable bit

1 = Auto-Scan: Sample-and-Convert all associated inputs sequentially on every trigger event
0 = Sequential Scan: Sample-and-Convert the next associated input on trigger event
bit 14-13 SLINT<1:0>: Interrupt Trigger Control bits
When ASEN =1:
11 = Interrupt after auto-scan completion only if a match occurred
10 = Interrupt after every match
01 = Interrupt after auto-scan completion
00 = No Interrupt
When ASEN = 0:
11 = Reserved
10 = Interrupt after all records in a Sample List have been converted (SLSIZE<5:0> samples)
01 = Interrupt after every sample
00 = No interrupt
bit 12-11 WM<1:0>: Internal Buffer Write Mode bits
11 = Reserved
10 = No conversion results saved (typically for threshold compare only)

01 = Conversion results saved when a match occurs (typically for threshold compare only)

00 = All conversion results saved to the ADRESN register associated with the conversion
bit 10-8 CM<2:0>: Threshold Compare Match bits

111 = Reserved

110 = Reserved

101 = Reserved

100 = Outside Window Match: A/D Result < Low Threshold Value or A/D Result >Threshold High Value

011 = Inside Window Match: Low Threshold Value < A/D Result < Threshold High Value

010 = Greater Than Match: A/D Result > Threshold Value

001 = Less Than Match: A/D Result < Threshold Value

000 = Matching is disabled

bit 7 CTMEN: A/D CTMU Current Source Enable bit
1 = CTMU is enabled during sampling and used as a current source driving the selected analog input
0 = CTMU is not used as a current source driving selected analog input
bit 6 PINTRIS: Force Channel TRIS bit
1 = 1/O pin associated with channel is in High-Impedance mode during sampling
0 = 1/O pin associated with channel is driven during sampling
bit 5 MULCHEN: Multiple Channel Enable bit

1 = Channels selected by the ADLNMSEL registers are connected in parallel and sampled together;
Sample List entries are ignored

0 = Channels selected by the ADLNMSEL registers are ignored; only one channel is selected at a time
based on the Sample List

O
O
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Register 65-6: ADLNnCONH: A/D Sample List n Control Register High (Continued)

bit 4-0 SAMC<4:0>: Sample-and-Hold Capacitor Charge Time (Acquisition Time) bits
11111 =31 TAaD
11110 =30 TAD

00001 =1 TAD
00000 =0.5 TAD

DS30686A-page 65-12 © 2013 Microchip Technology Inc.
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Register 65-7:

ADLNCONL: A/D Sample List n Control 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
SLEN SAMP() SLENCLR | SLTSRC4®@ | sSLTSRC3®@ | sLTSRC2(?) | SLTSRC1@ | sSLTSRC0®@
bit 15 bit 8
R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
THSRC — SLSIZE5 SLSIZE4 SLSIZE3 SLSIZE2 SLSIZE1 SLSIZEO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15

bit 14

bit 13

bit 12-8

bit 7

bit 6
bit 5-0

Note 1:
2:

SLEN: A/D Trigger Control Enable bit

1 = Enabled: Selected trigger causes sampling of associated analog inputs
0 = Disabled: Selected trigger does not cause sampling of associated analog inputs

SAMP: A/D Manual Conversion Trigger bit(")

1 = Starts sampling selected channel
0 = Generates manual trigger event(s) as determined by SLTSRC<4:0>

SLENCLR: A/D Trigger Clear bit

1 = SLEN is cleared by hardware after a trigger is generated by this Sample List

0 = SLEN is only cleared by software

SLTSRC<4:0>: Trigger Source Select bits(?)

11111

. = Unimplemented, do not use

10001

10000 = Timer1 A/D trigger

01111 = Comparator 3

01110 = Comparator 2

01101 = Comparator 1

01100 = Input Capture 4

01011 = Input Capture 1

01010 = Output Compare 3

01001 = Output Compare 2

01000 = Output Compare 1

00111 = Internal periodic trigger event; interval defined by the ADTMRPR register

00110=CTMU

00101 = Timer2

00100 = Timer1 Sync

00011 = INTO

00010 = Manual Trigger Event: Triggers are generated on every ADC clock when SAMP = 0

00001 = Manual Trigger Event: Triggers are generated on every ADC clock when SAMP =0 and
ACCONH<7> =1

00000 = Manual Trigger Event: A single trigger is generated when SAMP is cleared

THSRC: Threshold List Select bit

1 = Source used for threshold compare is the Sample List Threshold register
0 = Source used for threshold compare is the Buffer Register

Unimplemented: Read as ‘0’

SLSIZE<5:0>: Sample List Size bits
Specifies the number of ADTBLn registers in the Sample List (Sample List = SLSIZE<5:0> + 1).

Applicable only with Manual Trigger modes (SLTSRC<4:0> = 00010, 00001 or 00000).
These assignments are typical for most devices. Refer to the specific device data sheet for specific bit mapping.
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Register 65-8:  ADLNnSTAT: A/D Sample List n Status Register

R-0 R-0 uU-0 u-0 U-0 U-0 u-0 u-0
ADTACT LBUSY — — — — — —
bit 15 bit 8
R-0 u-0 R/W-0, HS U-0 u-0 U-0 U-0 U-0
ADTDLY — ADLIF( — — — — —
bit 7 bit 0
Legend: HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 ADTACT: A/D Trigger Event Active bit

1 = Atrigger event is asserted
0 = A trigger event is not asserted

bit 14 LBUSY: A/D Trigger Control Busy bit

1 = The A/D is converting a sample entry associated with this list’s trigger
0 = The A/D is not busy with this trigger

bit 13-8 Unimplemented: Read as ‘0’
bit 7 ADTDLY: A/D Trigger Delayed Flag bit

1 = This trigger was delayed by a higher priority trigger
0 = This trigger was not delayed by a higher priority trigger

bit 6 Unimplemented: Read as ‘0’
bit 5 ADLIF: A/D Sample List Interrupt Event Flag bit(")

1 = An interrupt event (defined by ADLnCONH<14:13>) has occurred in Sample List n
0 = No interrupt event has occurred

bit 4-0 Unimplemented: Read as ‘0’

Note 1: ADLIF is mirrored by the corresponding SLxIF flag bit in the ADSTATL register. Setting or clearing this bit
simultaneously changes the SLxIF.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

Register 65-9: ADLnPTR: A/D Sample List n Pointer Register

uU-0 R/W-0, HSC R/W-0, HSC R/W-0, HSC R/W-0, HSC R/W-0 R/W-0 R/W-0
— ADNEXT6 ADNEXT5 ADNEXT4 ADNEXT3 ADNEXT2 ADNEXT1 ADNEXTO
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 u-0 U-0
bit 7 bit 0
Legend: HS = Hardware Settable/Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-8 ADNEXT<6:0>: A/D Pointer to Next Entry on Sample List to be Converted bits

This value is added to the start of the Sample List to determine the ADTBLn register to be used for the
next trigger event.

bit 7-0 Unimplemented: Read as ‘0’

Register 65-10: ADTBLn: A/D Sample Table Entry n Register

R/W-0 R/W-0 u-0 u-0 U-0 uU-0 u-0 u-0
UCTMU DIFF — — — — — —
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
— ADCH6 ADCH5 ADCH4 ADCH3 ADCH2 ADCH1 ADCHO
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 UCTMU: Enable CTMU During Entry Conversion bit

1 = CTMU is enabled during channel conversion for this entry

0 = CTMU is disabled during channel conversion for this entry
bit 14 DIFF: Differential Inputs Select bit

1 = Analog inputs are sampled as differential pairs for this entry

0 = Analog inputs are sampled as single-ended for this entry

bit 13-7 Unimplemented: Read as ‘0’

bit 6-0 ADCH<6:0>: A/D Channel Entry Select bits m

Each seven-bit combination represents a unique combination of single-ended analog channel and
voltage references or unique differential input pair.

Channel entry combinations are device-specific, depending on the total number of analog channels
available. Refer to the specific device data sheet for details.
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Register 65-11: ACCONH: Accumulator Control Register High

U-0 U-0 uU-0 u-0 U-0 U-0 u-0 u-0
bit 15 bit 8
R/W-0, HC R/W-0 uU-0 uU-0 u-0 u-0 U-0 u-0
ACEN() ACIE — — — — — —
bit 7 bit 0
Legend: HC = Hardware Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7 ACEN: Accumulator Enable bit(")

1 = Accumulation enabled; Sample-and-Convert the current Sample List entry on trigger event and
add to the contents of ACRES

0 = The accumulation process has not started or is complete (cleared in hardware when accumulation
count is reached)

bit 6 ACIE: Accumulator Interrupt Enable bit

1 = An interrupt event is generated when the accumulator decrements to zero
0 = Accumulator interrupt events are disabled

bit 5-0 Unimplemented: Read as ‘0’

Note 1: To avoid unexpected or erroneous results, do not write to ACCONH or ACCONL while ACEN is set.

Register 65-12: ACCONL: Accumulator Control Register Low

U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TBLSEL5 TBLSEL4 TBLSEL3 TBLSEL2 TBLSEL1 TBLSELO
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
COUNT7 COUNT6 COUNT5 COUNT4 COUNT3 COUNT2 COUNT1 COUNTO
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 Unimplemented: Read as ‘0’

bit 13-8 TBLSEL<5:0>: Record to be Accumulated Pointer bits
Indicates the location of the next value to be accumulated.
bit 7-0 COUNT<7:0>: Accumulations To Be Completed Counter bits

Decrements on each operation.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

Register 65-13: ADCHITH: A/D Match Hit Register High
R/W-0,HS R/W-0,HS  R/W-0, HS R/W-0,HS R/W-0,HS R/W-0,HS R/W-0,HS  R/W-0, HS

CHH31 CHH30 CHH29 CHH28 CHH27 CHH26 CHH25 CHH24
bit 15 bit 8
R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS
CHH23 CHH22 CHH21 CHH20 CHH19 CHH18 CHH17 CHH16
bit 7 bit 0

Legend: HS = Hardware Settable bit

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-0 CHH<31:16>: A/D Conversion Match Hit bits

1 = A threshhold compare match has occurred on the corrsponding Sample List entry
0 = No match has occurred

Register 65-14: ADCHITL: A/D Match Hit Register Low
R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS

CHH15 CHH14 CHH13 CHH12 CHH11 CHH10 CHH9 CHH8

bit 15 bit 8

R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS R/W-0, HS

CHH7 CHH6 CHH5 CHH4 CHH3 CHH2 CHH1 CHHO

bit 7 bit 0

Legend: HS = Hardware Settable bit

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

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

bit 15-0 CHH<15:0>: A/D Conversion Match Hit bits

1 = A threshhold compare match has occurred on the corrsponding Sample List entry
0 = No match has occurred
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Register 65-15: ADTHnH: A/D Sample Table n Threshold Value 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
TH15 TH14 TH13 TH12 TH11 TH10 TH9 TH8

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
TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO

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 15-0 TH<15:0>: High Threshold Value for Windowed Compare Operations, Sample Table n bits

Value in 12-bit unsigned integer format only.

Register 65-16: ADTHnL: A/D Sample Table n Threshold Value 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
TH15 TH14 TH13 TH12 TH11 TH10 TH9 TH8

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
TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO

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 15-0 TH<15:0>: Low Threshold Value for Windowed Compare Operations, Sample Table n bits

Also serves as the comparison value for non-windowed threshold compare operations. Value in 12-bit
unsigned integer format only.

DS30686A-page 65-18 © 2013 Microchip Technology Inc.



Section 65. 12-Bit, High-Speed Pipeline A/D Converter

Register 65-17: ADLNnMSEL3: A/D Sample List n Multichannel Select Register 3

U-0 U-0 uU-0 u-0 U-0 U-0 u-0 u-0

bit 15 bit 8
u-0 u-0 U-0 u-0 u-0 u-0 R/W-0, HSC R/W-0, HSC
— — — — — — MSEL49 MSEL48

bit 7 bit 0

Legend: HS = Hardware Settable/Clearable bit

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 15-2 Unimplemented: Read as ‘0’

bit 1-0 MSEL<49:48>: A/D Channel Select bits

1 = Corresponding channel participates in multi-channel operations for Sample List n
0 = Channel does not participate in multi-channel operations

Register 65-18: ADLNMSEL2: A/D Sample List n Multichannel Select Register 2

R/W-0, HSC R/W-0,HSC R/W-0, HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC
MSEL47 MSEL46 MSEL45 MSEL44 MSEL43 MSEL42 MSEL41 MSEL40
bit 15 bit 8

R/W-0, HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0, HSC
MSEL39 MSEL38 MSEL37 MSEL36 MSEL35 MSEL34 MSEL33 MSEL32

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

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

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

bit 15-0 MSEL<47:32>: A/D Channel Select bits

1 = Corresponding channel participates in multi-channel operations for Sample List n
0 = Channel does not participate in multi-channel operations
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Register 65-19: ADLNnMSEL1: A/D Sample List n Multichannel Select Register 1

R/W-0, HSC R/W-0,HSC R/W-0, HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC

MSEL31 MSEL30 MSEL29 MSEL28 MSEL27 MSEL26 MSEL25 MSEL24

bit 15 bit 8

R/W-0, HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0,HSC R/W-0, HSC
MSEL23 MSEL22 MSEL21 MSEL20 MSEL19 MSEL18 MSEL17 MSEL16

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

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

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

bit 15-0 MSEL<31:16>: A/D Channel Select bits

1 = Corresponding channel participates in multi-channel operations for Sample List n
0 = Channel does not participate in multi-channel operations

Register 65-20: ADLNnMSELO: A/D Sample List n Multichannel Select Register 0

R/W-0, HSC uU-0 U-0 U-0 U-0 u-0 U-0 U-0
MSEL15 — — — — — — —

bit 15 bit 8

u-0 u-0 U-0 U-0 u-0 uU-0 U-0 U-0

bit 7 bit 0

Legend: HS = Hardware Settable/Clearable bit

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

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

bit 15 MSEL15: A/D Channel Select bits

1 = Corresponding channel participates in multi-channel operations for Sample List n
0 = Channel does not participate in multi-channel operations

bit 14-0 Unimplemented: Read as ‘0’
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.4 OPERATIONAL OVERVIEW
65.4.1 SAR vs. Pipeline Converters

The main difference between Pipeline A/D Converters and Successive Approximation Register
(SAR) A/D Converters is speed. In a typical SAR-based conversion, the digital conversion portion
of the result generation process is done in a serial fashion, and normally, only one analog com-
parator is used to convert one result bit worth of data per A/D clock cycle. A Pipeline Converter
takes advantage of parallelism and uses multiple internal analog comparators to allow conver-
sions of multiple results, at several different stages of a conversion pipeline. The parallelism of
the Pipeline Converter enables it to perform conversions in a “pipelined” fashion (i.e., each con-
version is tightly staged, back-to-back. The net result is the converter can generate up to one
conversion result for every single A/D clock period (TAD).

The primary disadvantage of the Pipeline A/D Converter is an increased level of noise, as com-
pared to SAR Converters. In practice, taking and averaging multiple samples is used to achieve
the desired results.

An example throughput and latency comparison of this Pipeline A/D Converter versus a typical
12-bit SAR A/D Converter is shown in Table 65-1.

Table 65-1: Comparison of A/D Converter Performance Metrics
Metric 12-Bit SAR 12-Bit Pipeline
(e.g., PIC24FJ128GA310) | (e.g., PIC24FJ128GC010)
A/D Clock Frequency (MHz) 4 (typical) 8 (typical)
Sample-and-Hold Charge Time (TAD) 4 (typical) 0.5 (typical)
Typical Conversion Latency (TAD) 14 8.5
Throughput (results/TAD) Approx. 0.06 1
Maximum Throughput (samples/s) Up to 200k Up to 10M
Internal A/D Noise (qualitative) Very low Moderate

65.4.2 Sampling Requirements

The analog input models of the Pipeline A/D Converter, in both single-ended and differential
configurations, are shown in Figure 65-3. The total sampling time for the A/D is a function of the
holding capacitor charge time, as well as input and sampling switch resistance.

During the sampling operation, the sampling switch is closed and the internal Sample-and-Hold
capacitor is connected to the analog input pin, through the switch and interconnect resistances. The
sampling switch remains closed for the duration that is selected by the SAMC<4:0> bits field
(ADLNCONH<4:0>). While the sampling switch is closed, the Sample-and-Hold capacitor, CHOLD,
begins charging to the voltage applied to the analog pin from the analog voltage source, VA.

The application should select a value for the SAMC<4:0> bits to allow a sampling duration that
is sufficient to fully charge the capacitor to the same voltage as VA. The charging profile can be
modelled by a second-order RC circuit, as shown in Figure 65-3. The required time is a function
of the source resistance and is shown in the Table 65-2 below.

Table 65-2: Minimum Required Sampling Time

RS Minimum Sample Time
10 5ns
50 10 ns
100 15 ns
500 75 ns >
O
1K 150 ns o=
-]
10K 1.5 us 5 2
< 5
100K 15 us )
B 3 ®
(]
=
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Once the sampling interval has elapsed, the sampling switch opens and the analog pipeline con-
sumes the charge stored on the capacitor. The Pipeline A/D Converter design only requires
1/2 TAD before the capacitor is discharged and its charge is fully consumed (i.e., effectively
discharged to AVss when performing single-ended measurements or discharged between the
positive and negative input channel pins when performing differential measurements). When the
discharge interval has elapsed, the A/D Converter is ready to close the sampling switch again,
to begin sampling the next configured channel.

Figure 65-3:  12-Bit A/D Converter Analog Input Models
Single-Ended Input Model: Sampling
Switch
ANX RIC<250Q |~ Rgg
; o | e
cein®) 9'1\"6UX(F) ILEAKAGE 92'0""3
! T T_ p 50 nA typ. T' P
v _T_Vss
Differential Input Model: Sampling
Switch
T Re 'ANx+ Ric < 2500 / Rss '
: : * * A o o—M\—
. . 1 . cmux? '
; ! ILEAKAGE TCPIN( ) T =16pF | ChoLp
: P SOmAtyp. T L cuux® T =2pF
' . %‘ TCPlN“) T =16pF — Vss
Legend: CPIN = Input Capacitance
CMuUX = Multiplexor Capacitance
(AN14 and higher only)
ILEAKAGE = Leakage Current at the pin due to
various junctions
Ric = Interconnect Resistance
Rss = Sampling Switch Resistance
CHoLD = Sample/Hold Capacitance (from DAC)
Note 1: The CPIN value depends on the device package and is not tested. The effect of CPIN is negligible if Rs < 1.5 kQ.

2:

Applicable only for analog inputs, AN14 and higher.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.4.2.1 ANALOG SWITCH CHARGE PUMP

The 12-Bit, High-Speed Pipeline A/D Converter incorporates a built-in charge pump for use with
the CMOS pass gates on the analog input channels. Similar to discrete component versions,
capacitive charge pumping is employed inside the microcontroller to generate MOSFET gate
voltages that are higher than AVDD. By boosting gate voltage, the worst-case effective series
resistance of the pass gates can be drastically reduced. This reduces both distortion and the
necessary sampling time that would otherwise be required at low analog supply voltage levels.

The analog switch charge pump is controlled by the PUMPEN bit (ADCON1<7>). It is recom-
mended to enable the charge pump whenever AVDD is less than 2.5V. This provides the lowest
analog switch resistance, reducing the time required for analog channel sampling operations.

65.4.2.2 EXTENDED SAMPLING (BEYOND 31 TaD)

The SAMC<4:0> bits (ADLNCONH<4:0>) allow the user to set a wide range of sampling times,
from 0.5 TAD (default) to 31 TAD. As previously noted, the sampling time needed to charge the
Sample-and-Hold capacitor depends on the characteristic impedance of the analog source being
measured, as well as internal analog path capacitance. In most cases, an appropriate value can
be selected with the SAMCx bits field. However, certain scenarios may require an interval longer
than the maximum of 31 TAD. These include sampling exceptionally high-impedance analog
sources or performing certain types of CTMU (Charge Time Measurement Unit) operations.

A simple way of doing this is to set up Sample List 0 with a size of one (SLSIZE<5:0> = 00h) and
configure ADTBLO to the channel requiring the extended sample. The A/D Converter automati-
cally switches to the next channel to be sampled whenever the module is Idle (i.e., no trigger
events are pending or have recently occurred for any of the Sample Lists). With a list size of one,
the converter will remain connected indefinitely to the channel specified by ADTBLO. The
selected channel will then remain connected to the Sample-and-Hold capacitor and continue to
be sampled until a trigger event occurs. If a trigger event for Sample List 0 occurs, sampling will
continue for the interval that is programmed by the SAMCx bits field, after which a conversion is
performed.

For additional information on Sample Lists and their use, refer to Section 65.9 “Sample Lists”.

Keep in mind that, if other Sample Lists are configured and enabled, any trigger event that
another Sample List may be programmed for will also end sampling for the target channel.
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Figure 65-4:

65.4.3

Transfer Function

The transfer function of the A/D Converter is shown in Figure 65-4. In both cases, the difference
of the input voltages, (VINH — VINL), is compared to the reference, ((VR+) — (VR-)).

For the 12-bit transfer function:

The first code transition occurs when the input voltage is ((VR+) — (VR-))/4096 or 1.0 LSb.

The ‘0000 0000 0001’ code is centered at VR- + (1.5 *

((VR+) — (VR-))/4096).

The ‘0010 0000 0000’ code is centered at VREFL + (2048.5 * ((VR+) — (VR-))/4096).
An input voltage less than VR- + (((VR-) — (VR-))/4096) converts as ‘0000 0000 0000’
An input voltage greater than (VR-) + (4096 ((VR+) — (VR-))/4096) converts

as ‘1111 1111 1111

12-Bit A/D Transfer Function

1111
1111

0010
0010
0010
0010
0001
0001
0001

Raw Code

(Binary (Decimal))

V

1111 1111 (4095)
1111 1110 (4094)

0000 0011 ( )
0000 0010 ( )
0000 0001 ( )
0000 0000 (2048)
1111 1111 ( )
1111 1110 ( )
1111 1101 ( )

0000 0000 0001 (1)
0000 0000 0000 (0)

Voltage Level —p

VR-
VR+ — VR-

4096

VR- +

2048 * (VR+ — VR-)

VR- +

4096

VR+

4096
(VINH — VINL)

4095 * (VR + — VR-)

VR- +
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.5 A/D RESULTS BUFFER

As conversions are completed, the module writes the results of the conversions into the A/D
result buffer. This buffer is a RAM array of fixed word size, accessed through the SFR space. In
most implementations, there are 32 registers in the results buffer (ADRESO through ADRES31),
corresponding to the number of ADTBLn registers and Sample List entries.

User software may attempt to read each A/D conversion result as it is generated; however, this
might consume too much CPU time. To minimize software overhead, the module will fill the buffer
with results and then generate an interrupt when the buffer is filled (FIFO mode).

Note: This section describes buffer operation when ADLnCONH<12:11> = 00 (all conver-
sions are written to the result buffer). Buffer operation is different when the Compare
Only or Compare and Save modes are used with the Threshold Detect feature. For
more information, see Section 65.11 “Threshold Detect Operations”.

65.5.1 Buffer Fill Modes

The results buffer can be configured to operate in either of two modes: a standard FIFO mode,
compatible with earlier 12-bit A/D modules (default), or an Indexed mode based on the Sample
Lists. The Fill mode is selected by the BUFORG bit (ADCON2<10>).

65.5.1.1 FIFO MODE

When BUFORG = 0, the results buffer operates in FIFO mode. The first conversion results, after
initiating conversions, is written to ADRESO0. Subsequent conversions are written to the next
sequential buffer location, continuing until the process is interrupted. If allowed to continue with-
out interrupts, the module will fill each location and then wrap around to ADRESO, continuing the
process.

65.5.1.2 INDEXED MODE (SAMPLE LIST)

When BUFORG = 1, FIFO operation is disabled. Instead, the conversion result for each of the
ADTBLn Sample List registers is written only to the ADRESH buffer location that corresponds to
that register. For example, any conversions performed on the analog channel specified by
ADTBLO are stored only in ADRESO0. The same holds true for ADTBL1 and ADRES1, and so on.

65.5.2 Buffer Data Formats

The results of each A/D conversion are 12 bits wide. To maintain data format compatibility, the
result of each conversion is automatically converted to one of four selectable, 16-bit formats. The
FORM<3:0> bits (ADCON1<11:8>) select the format. Figure 65-5 shows the data output formats
that can be selected. Tables 65-3 and 65-4 show the numerical equivalents for the various
conversion result codes.

O
O
9%
3%
=
D
:Q
]
=

© 2013 Microchip Technology Inc. DS30686A-page 65-25



PIC24F Family Reference Manual

Figure 65-5:  A/D Output Data Formats (12-Bit)

RAM Contents: d11{d10|d09 | d08 | d07 | d06 | d05 | d04 | dO3 | d02 | dO1 | dO0
Read to Bus:

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

Signed Integer s | s | s | s | s |d10|d09|d08|d07|d06|d05 |d04|d03|d02|d01|do0

Fractional (1.15) |d11|d10|d09 |d08 |d07 |d06 |d05 | d04 |d03 |d02|d01{d00f O | O | O | O

Signed Fractional (1.15) s [d10|d09 |d08|d07|d06 | d05 | d04 |d03 |d02|d01|do0| O | O | O | O

Legend: s = sign bit

Table 65-3: Numerical Equivalents of Various Result Codes: 12-Bit Integer Formats
VIN/VREF 12-Bit 16-Bit Integer Format/ 16-Bit Signed Integer Format/
Output Code Equivalent Decimal Value Equivalent Decimal Value
4095/4096 1111 1111 1111 0000 1111 1111 1111 4095 0000 0111 1111 1111 2047
4094/4096 1111 1111 1110 0000 1111 1111 1110 4094 0000 0111 1111 1110 2046
.o
2049/4096 1000 0000 0001 0000 1000 0000 0001 2049 0000 0000 0000 0001
2048/4096 1000 0000 0000 0000 1000 0000 0000 2048 0000 0000 0000 0000 0
2047/4096 0111 1111 1111 0000 0111 1111 1111 2047 1111 1111 1111 1111 -1
oo
1/4096 0000 0000 0001 0000 0000 0000 0001 1 1111 1000 0000 0001 -2047
0/4096 0000 0000 0000 0000 0000 0000 0000 0 1111 1000 0000 0000 -2048
Table 65-4: Numerical Equivalents of Various Result Codes: 12-Bit Fractional Formats
12-Bit 16-Bit Fractional Format/ 16-Bit Signed Fractional Format/
VIN/VREF Output Code Equivalent Decimal Value Equivalent Decimal Value
4095/4096 1111 1111 1111 1111 1111 1111 0000 0.999 0111 1111 1111 0000 0.499
4094/4096 1111 1111 1110 1111 1111 1110 0000 0.998 0111 1111 1110 000O0 0.498
.o
2049/4096 1000 0000 0001 1000 0000 0001 0000 0.501 0000 0000 0001 00O0O 0.001
2048/4096 1000 0000 0000 1000 0000 0000 0000 0.500 0000 0000 0000 0000 0.000
2047/4096 0111 1111 1111 0111 1111 1111 0000 0.499 1111 1111 1111 0000 -0.001
ooo
1/4096 0000 0000 0001 0000 0000 0001 0000 0.001 1000 0000 0001 000O -0.499
0/4096 0000 0000 0000 0000 0000 0000 0000 0.000 1000 0000 0000 00O0O -0.500
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65.6 A/D TRIGGER EVENTS

After configuring and enabling the 12-Bit, High-Speed Pipeline A/D Converter and one or more
Sample Lists (described in Section 65.9 “Sample Lists”), the converter is ready to begin
sampling and conversion operations. However, this does not actually begin until after an appro-
priate trigger event has been generated. A trigger event can be thought of as a momentary
stimulus applied to the A/D, which may be generated manually in the application firmware (ex:
by writing the SAMP bit to generate a high-to-low transition), generated internally by the ADC
itself (ex: using the internal A/D trigger timer) or generated external to the A/D module (ex: due
to an INTO I/O pin event, a Timer1 interrupt, etc.).

When a trigger source external to the converter is selected, the A/D Converter is triggered upon
detection of the same conditions that would normally trigger the interrupt event flag to become
set for the module. For example, if using Timer1 as a trigger source, the A/D will be triggered
when the Timer1 Counter and Period register match condition is detected, which also causes the
TMRA1IF interrupt flag to get set.

65.6.1 Internal Trigger Timer

In addition to supporting external trigger sources, the 12-Bit, High-Speed Pipeline A/D Converter
has a built-in timer for generating periodic trigger events; its use is optional.

The A/D Timer Period register, ADTMRPR, is readable and writable by software, and is used to
set the timer trigger frequency. The trigger timer counter is not memory mapped, and therefore,
not directly readable or writable by the user. When the trigger timer count value matches the
ADTMRPR value, an A/D trigger event is generated and the trigger timer count value is reset to
0000h.

The trigger timer is clocked by the same clock source as selected by the ADRC and ADCSx bits
(ADCON3<15,7:0>), and increments once for every TAD. Therefore, the ADTMRPR register
directly sets the number of TADs (minimum value of 1 TAD) between trigger events when using
the internal ADC trigger timer.

If all Sample Lists are disabled (all SLEN bits are ‘0’), the trigger timer count is internally held at
the reset value of 0000h. The timer count only increments when one or more SLEN bits are set.

Although only one is implemented, the trigger timer can optionally be shared by multiple Sample
Lists. If multiple lists are enabled and simultaneously configured to use the timer as a trigger
source, the initial trigger delay upon setting the second and subsequent SLEN bit(s) may be
shorter than the ADTMRPR value would predict. This is a result of the timer counter becoming
free running once the first SLEN bit is set. After the initial trigger event is generated for a Sample
List, all of the subsequent trigger periods for that Sample List will match the ADTMRPR value.

65.7 INTERRUPTS

The 12-Bit, High-Speed Pipeline A/D Converter implements its own user-configurable interrupt
logic tree (Figure 65-6) to monitor three different types of module level interrupts:

* ACCIF: Accumulation Complete Interrupt
* BUFIF: FIFO mode ADRESnN Buffer Level Watermark Interrupt
* ADLIF and SLxIF: Sample List n Interrupts (one each for Sample Lists O through 3)

These interrupts do not directly generate device level interrupts. Instead, enabling any one of
these can cause the top-level AD1IF interrupt flag to be set. If the AD1IE interrupt enable bit is
also set, this allows the CPU to vector to the A/D interrupt handler (assuming no higher priority
interrupts are pending). If the application uses more than one of the A/D interrupt sources simul- m
taneously, it may poll the ACCIF, BUFIF and ADLIF/SLxIF flags to determine which event caused

the top level interrupt to be asserted.
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Figure 65-6: Hardware Interrupt Logic for 12-Bit, High-Speed Pipeline A/D Converter

ACIE :]3 ACCIF()
Accumulation Complete

BUFORG 1 _V\ AD1IE CPU Interrupt
BUFINT<1:0> # 00 BUFIF( —D—> (AD Interrupt
FIFO Buffer Event —L/ AD1IF@ Vector)

Sample List 0 Event SLoIF() SLxIF/
SLINT<1:0> # 00 ADLIF(")

Sample List 1 Event
SLINT<1:0> # 00

Sample List 2 Event
SLINT<1:0> # 00

DSLZIF(”

Sample List 3 Event SL3IF

SLINT<1:0> # 00

Note 1: Interrupt flag bits are set by hardware as indicated and remain set until cleared manually by the
application. Clearing these bits in software does not affect the state of AD1IF or the A/D interrupt.
2: AD1IF can be cleared by software without regard to the state of the lower level interrupt flags. Once
cleared, it remains cleared until a new lower level interrupt event occurs. It is NOT necessary for the
SLxIF/ACCIF/BUFIF bits to be cleared for the hardware to detect a new event.

65.7.1  Accumulation Complete Interrupt (ACCIF)

The Accumulation Complete interrupt (ACCIF) is generated when all samples of an accumulation
process have been successfully accumulated. The interrupt flag is set by hardware only when
the accumulation completes and the Accumulate Interrupt Enable bit, ACIE (ACCONH<6>), is
also set. Disabling the interrupt (ACIE = 0) means that neither ACCIF or AD1IF will be set when
an accumulation completes.

The ACCIF bit can also be set or cleared by software. Manually setting or clearing ACCIF does
not affect the AD1IF interrupt flag.

65.7.2 Buffer Watermark Interrupt, FIFO Mode (BUFIF)

The Buffer Level Watermark Interrupt Flag, BUFIF, is only generated and only applicable when
the A/D Converter is configured to operate in the FIFO Buffer mode (BUFORG = 0). The interrupt
is configured by the BUFINT<1:0> bits (ADCON2<7:6>) and can be set to occur at various levels
of buffer fill. Clearing the bits disables the interrupt.

65.7.3 Sample List Interrupts (ADLIF and SLxIF)

Each Sample List has its own independent A/D Sample Interrupt Flag, ADLIF (ADLNSTAT<5>).
The flag's operation is configured using the SLINT<1:0> bits (ADLNCONH<14:13>) for the
corresponding list. Clearing the bits disables the interrupt for that list.

When Auto-Scan mode is used (ASEN = 1), the Sample List interrupt can be configured to be
generated when the Auto-Scan is complete, when a threshold match condition occurs or only
after an Auto-Scan operation with a threshold compare match condition occurs.

When Sequential mode is enabled (ASEN = 0), the Sample List interrupt can be configured to
be generated either at the end of a Sample List or after completion of every single sample in the
Sample List. There is no threshold compare interrupt option in Sequential mode.

For monitoring convenience, the interrupt flags in the ADLnSTAT registers are mirrored in the
ADSTATL registers by the SLxIF bits (ADSTATL<3:0>). Changes to any of the ADLIF bits are
simultaneously reflected by the corresponding SLxIF bits. Functionally, any ADLIF bit and its
SLxIF counterpart may be treated as being identical.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.8 INITIALIZATION

To use the 12-Bit, High-Speed Pipeline A/D Converter, the general procedure is:
1. Configure the I/O pins to be used as analog inputs by setting the corresponding bits in the
ANSEL registers.
2. Set up global settings with the ADCON1, ADCON2 and ADCONS3 registers:
a) Configure the A/D clock source and rate
b) Configure the A/D reference sources
c) Configure the buffer storage settings, format and interrupt generation
d) Configure other global settings, such as power-saving features
3. Set the ADON bit (ADCON1<15>) to enable the module.
Poll the ADREADY bit (ADSTATH<1>) until it becomes set.

5. Configure Sample List 0 settings, controlled by the ADLOCONHJ/L registers (but do NOT
enable the Sample List at this point):

a) Select the desired Sample List interrupt generation settings

>

b) Select the Data Write mode (e.g., write all results to buffer)

c) Configure analog sampling time (SAMC<4:0>)

d) Select the trigger source

e) Specify how many entries are in the Sample List (SLSIZE<5:0>)

f)  Configure other Sample List 0 specific settings

6. Initialize the ADTBLn registers to select the channels to be sampled (ADTBLO at a
minimum and subsequent registers if a longer Sample List is to be used).

7. Configure and enable A/D interrupts (if desired):

a) Clear the ADLIF and SLOIF bits

b) Set the interrupt priority with the ADLIP<2:0> bits

c) Enable the ADLIE bit
8. Enable Sample List 0 by setting the SLEN bit (ADLOCONL<15>).
9. Enable the trigger source for Sample List 0 to begin sampling.

10. Wait for the appropriate A/D interrupt flag to be set (SLOIF or ADLIF) to read the results
from the appropriate ADRESN registers.

A typical initialization sequence following this procedure is shown in Example 65-1 (pages 30
and 31). This procedure assumes the use of a single Sample List. To configure additional lists,
repeat Steps 5 and 6, as required, before proceeding to interrupt configuration. For more
information on multiple lists, see Section 65.9.3 “Using Multiple Sample Lists”.

When initializing and enabling the A/D Converter, the application should initialize the ADCON1,
ADCON2 and ADCONS3 global registers prior to setting the ADON bit. All important global
settings, such as the clock source and prescaler, power level, charge pump and reference selec-
tions, should be made prior to setting ADON. This procedure ensures that the module will not be
temporarily or inadvertently misconfigured during the initialization process.

Upon setting the ADON bit, the A/D Converter performs an automatic hardware self-calibration
operation in the background. The self-calibration takes up to 800 TAD cycles to complete. Setting
the ADON bit causes the hardware to clear the ADREADY bit (ADSTATH<1>) within one TAD,
and keeps it low for the duration of the procedure. When ADREADY becomes set, the module is
ready to use; the application may enable Sample List(s) and generate trigger events to start
performing sampling and conversion operations. In certain devices, a second self-calibration
command may be required; refer to the specific device data sheet for more information. m

During this self-calibration, the microcontroller CPU is free to execute application code other than
A/D-related code.
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Example 65-1:

A/D Conversion and Simple Sampling (Configuration and Sample List)

#include <p24FJ128GC010.h>

_CONFIG4 (PLLDIV_DIV2 & IOL1WAY OFF)
_CONFIG3 (BOREN OFF)

_CONFIG1 (FWDTEN WDT SW & ICS PGx2)

// The ADC conversion result.
volatile unsigned int channel 2;
volatile unsigned int channel 38;

int main ()

{

// ANALOG INPUTS CONFIGURATION

// 2 analog inputs will be sampled.
TRISBbits.TRISB2 = 1;
ANSBbits.ANSB2 = 1;
TRISAbits.TRISAl4 =
ANSAbits.ANSAl4 = 1;

1;

// GLOBAL SETTINGS
ADCON1=0;
ADCON2=0;
ADCON3=0;

ADCON2bits.PVCFG = 0;
ADCON2bits.NVCFG = 0;
// Configure the A/D clock.
ADCON3bits.ADRC = 0;
ADCON3bits.ADCS = 15;

ADCONlbits.FORM = 0;
ADCON2bits.BUFORG = 1;
ADCON2bits.BUFINT = O;

// Configure power-saving.
ADCON1lbits.PWRLVL = 0;
ADCON2bits.ADPWR = 3;

// Sample List SETTINGS
ADLOCONL = 0;

ADLOCONH = 0;
ADLOCONLbits.SLSIZE =
// Sampling settings.
ADLOCONHbits.ASEN = 1;
ADLOCONHbits.SLINT = 1;
ADLOCONHbits.SAMC = 15;
ADLOCONLbits.SLTSRC = 0;
ADLOPTR = 0;

// Threshod compare settings.
ADLOCONHbits.CM = 0;

// Channels selection.
ADTBLObits.ADCH = 2;
ADTBRL1bits.ADCH = 38;

2-1;

// PIC24FJ128GC010 CONFIGURATION SETTINGS

// Configure the A/D voltage references.

// Configure buffer storage settings and

_CONFIG2(POSCMD HS & FNOSC PRIPLL & FCKSM CSECME)

// BAN2 (RB2)

// AN38 (RA14)

// Vref+ AvVdd
// Vref- = AVss

// Conversion clock derived from system clock.

// Divide system clock by 16(TAD = 1uS @ 16 MIPS).
interrupt generation.

// Output format is unsigned integer.

// Result buffer is an indexed buffer.

// No buffer interrupt.

// Low power, reduced frequency operation.
// Module is always powered on.

// Sample list length: 2 channels.

// Enable auto-scan.

// Interrupt after auto-scan completion.

// Sample time is 15 TAD.

// Single trigger generated when SAMP is cleared.
// Start from the first list entry.

// Disable threshold compare.

// Channel #2.
// Channel #38.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

Example 65-1: A/D

Conversion and Simple Sampling (Configuration and Sample List) (Continued)

// ENABLE A/D

ADCON1lbits.ADON = 1; // Enable A/D.

while (ADSTATHbits.ADREADY == 0); // Wait for ready flag set.
ADCONlbits.ADCAL = 1; // Start calibration.

while (ADSTATHbits.ADREADY == 0);
ADLOCONLbits.SAMP = 1; // Close sample switch.

ADLOCONLbits.SLEN = 1; // Enable sample list.

// CONVERSION

while (1)

{

IFSObits.ADIIF = 0; // Start conversion.

ADLOCONLbits.SAMP = 0; // Wait for the result.

while (IFSObits.AD1IF == 0);

ADLOCONLbits.SAMP = 1; // Close the sample switch.
channel 2 = ADRESO; // Read result for the channel #2.
channel 38 = ADRESI; // Read result for the channel #38.

}
}

65.8.1 Configuring Port Pins as Analog Inputs

The A/D module does not have an internal provision to configure port pins for analog operation.
Instead, input pins are configured as analog inputs through the Analog Select registers (ANSn,
where ‘n’ is the port name). A pin is configured as an analog input when the corresponding ANSn
bit is set. By default, pins with multiplexed analog and digital functions are configured as analog
pins on device Reset.

For external analog inputs, both the ANSnh register and the corresponding TRIS register bits con-
trol the operation of the A/D port pins. The port pins that will function as analog inputs must also
have their corresponding TRIS bits set, specifying the pins as inputs. After a device Reset, all
TRIS bits are set. If the I/O pin, associated with an A/D channel, is configured as a digital output
(TRIS bit is cleared) while the pin is configured for Analog mode, the port digital output level (VOH
or VoL) will be converted.

Note 1: When reading a PORT register, any pin configured as an analog input reads as ‘0’.

2: Analog levels on any pin that is defined as a digital input may cause the input buffer
to consume current that is out of the device’s specification.

65.8.2 Changing Setting with the Module Enabled

The A/D clock source and frequency, PWRLVL, and REFPUMP settings should not be modified
while the A/D Converter is enabled. In order to change these settings, it is recommended to first
disable the module by clearing ADON, reconfigure the module and then re-enable the module
(and wait for the hardware self-calibration to complete by checking the ADREADY bit).

Although other settings may be changed while the module is active, the application should exer-
cise special care when resizing Sample Lists or changing trigger source settings for a Sample
List. Resizing a lower numbered Sample List (e.g., changing SLSIZE<5:0> for Sample List 0) will
alter the locations of the ADTBLn array boundaries associated with the other Sample Lists. This
may cause unexpected operation if the higher numbered list is enabled and active when the
lower numbered list is resized. It is generally recommended to disable all higher numbered
Sample Lists by clearing their respective SLEN bit before adjusting the size of a lower numbered
Sample List.

Similarly, it is generally not recommended to change specific Sample List settings while the list
is enabled (SLEN = 1). Instead, it is recommended to initialize all Sample List-specific settings
(i.e., ADLNCONH and ADLNCONL values) prior to enabling the Sample List. If it becomes
necessary to change settings after it has already been initialized, it is suggested to temporarily
disable the Sample List by clearing the SLEN bit prior to making the change. Note that clearing
a SLEN bit will not necessarily halt any ADC operations that may have already been in progress
if the Sample List had already been triggered prior to clearing SLEN.
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When the SLEN bit is cleared, the A/D Converter will ignore any new trigger events associated
with that Sample List. However, trigger events that have already occurred may result in the cur-
rent A/D operation continuing to completion. After clearing the SLEN bit, it is advisable to check
the LBUSY bit (ADLNnSTAT<14>) to verify that the module has ceased operations for the Sample
List, before changing any of the list’s settings.

65.9 SAMPLE LISTS

In many application designs, it is desirable to set up the A/D Converter to Sample-and-Convert
many input channels automatically, and without CPU intervention for each conversion. In earlier
PIC24F devices, the auto-scan feature allowed for multiple channels to be sampled and scanned
in a fixed-channel number sequence. Unless the module was re-initialized, the same
Sample-and-Convert parameters were used for each channel in the sequence, and each repetition
of the sequence.

The 12-Bit, High-Speed Pipeline A/D Converter implements the same capability through the use
of Sample Lists, and at the same time, provides for a much wider range of scanning and sampling
options. A Sample List can be thought of as a list of instructions for the module, which tells the
hardware what to do when performing automatic Sample-and-Convert operations. Among other
things, it contains information, such as which analog channels to sample, what order to sample
them in, which trigger source is to be used to initiate sampling, etc. It can also dictate if a group
of channels is to be sampled once or repeatedly as a continuous loop.

The Pipeline A/D Converter supports up to four Sample Lists, with each list being independently
configurable for a wide range of channel selection and sampling options. The settings for each
list are configured by the applicable ADLnCONH and ADLnCONL registers (Register 65-6 and
Register 65-7) for that list. This allows each Sample List to be independently configured with its
own Sample-and-Convert settings, as well as Threshold Detect and interrupt generation settings.
In addition, each Sample List is monitored by its own Status register (ADLNSTAT, Register 65-8),
which shows the current state for trigger events and interrupt status.

An enabled Sample List may contain anywhere from one, to up to 64 entries (device-specific). Each
entry is one ADTBLn register, which instructs the A/D Converter to perform a conversion on a
specific analog input. In total, there are up to 64 ADTBLn registers implemented (ADTBLO through
ADTBL63). Refer to the specific device data sheet for the specific maximum Sample List size.

The Sample List registers can be partitioned and allocated to the various enabled Sample Lists.
For example, Sample List O could be configured to contain 12 entries (using ADTBLO to
ADTBL11), while Sample List 1 could be configured to contain up to 52 entries. In this scenario,
Sample Lists 2 and 3 would not be able to use any ADTBLn registers, and therefore, would need
to remain disabled.

65.9.1  Setting Up Sample Lists

Unlike the auto-scan feature in previous devices, the use of Sample Lists is required when using
the Pipeline A/D Converter. Even when performing single Sample-and-Convert operations on a
single input channel, a Sample List must be set up. Typically, Sample List 0 is used.

As mentioned, the ADLnCONH and ADLnCONL registers configure the common parameters
used for all sample entries in the Sample List. These include:

« Sampling Interval (acquisition time)

* Auto-Scan mode

» Trigger Event Source

* Manual Trigger Operation

* Interrupt Generation (ADLIF/SLxIF options)

» Threshold Detect and Compare Operation, and Associated Buffer Write mode

» CTMU Current Source Trigger

» 1/O Pin State During Sampling

» Simultaneous Multi-Channel Sample-and-Convert

Sample entries are stored in the 64 ADTBLn registers (Register 65-10), with each sample entry

stored in one register. The register encodes the analog channel (or channel pair in Differential
mode) to sample, the voltage references to be used and a CTMU current source enable bit.
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The size of the Sample List is determined by the SLSIZE<5:0> bits (ADLNCONL<5:0>). The
actual size of the list is (SLSIZE<5:0> + 1). This means that a Sample List may contain as little
as one entry (SLSIZE<5:0> = 0), or as many as 64 entries (SLSIZE<5:0> = 63).

The Sample List is enabled, and begins to Sample-and-Convert channels on trigger events,
when the SLEN bit (ADLNCONL<15>) is set. It is recommended to keep SLEN = 0 until the
appropriate ADTBLn register has been properly initialized for the channels to be sampled and all
other settings in the ADLnCONH/ADLNCONL registers have been configured. This ensures
predictable converter behavior by eliminating spurious conversions caused by trigger events
received while the list is still being configured.

65.9.2 Auto-Scan Operation

In the Pipeline A/D Converter, the auto-scan functionality is based on the Sample List. These lists
replace the use of Channel Scan Select registers in previous PIC24F devices. The ASEN bit
(ADLNCONH<15>) determines how the Sample List is processed.

When ASEN = 1, the Sample List is in Auto-Scan mode. When a trigger event is received, the
Sample List begins processing its entries, starting at the lowest ADTBLn register of the list, and
automatically Samples-and-Converts each sample entry in sequence. When the list is done, the
Sample List stops and waits for the next trigger event. The process is repeated for each trigger
event.

When ASEN = 0, the Sample List is in Sequential mode. When a trigger event is received, the
Sample List starts at the lowest ADTBLn register of the list and processes that entry. When the
Sample-and-Convert process is done, it stops and waits for the next trigger event, at which time,
the next sample entry is processed. The operation repeats for each trigger until the entire list of
entries is processed.

65.9.3 Using Multiple Sample Lists

Sample lists may be used sequentially or any combination of lists may be enabled simultaneously.
Hardware prioritization is used to arbitrate any sampling conflicts between different lists.

All of the Sample Lists share the same array of ADTBLn registers to define individual sample
entries. The assignments of ADTBLn registers to individual Sample Lists are essentially
dynamic, based on the list size specified by the SLSIZE<5:0> bits (ADLNnCONL<5:0>). The actual
size of the listis (SLSIZE<5:0> + 1). The starting point for each Sample List is the next available
register from the end point of the previous list and the end point is always (SLSIZE<5:0> + 1)
registers from the list’s starting point. Put another way, the address of a Sample List’s end point
is always (SLSIZE<5:0> + n), where ‘n’ is the starting point’s address. Sample List 0 is always
the first Sample List for enumeration purposes and ADTBLO is always its starting point.

There is no provision to independently define the starting points of Sample Lists, so the end of
one list will always be directly adjacent to the beginning of the next.

Figure 65-7 shows the relationship between the four Sample Lists that are typical for the Pipeline
A/D Converter and how Sample registers are allocated to the Sample Lists. In this example, the
device implements a Sample List of 32 total samples (registers). Sample List 0 starts at ADTBLO,
as always; the value for SLSIZE<5:0> is 05h, meaning that Sample List 0 is six items long,
extending to ADTBL5. Sample List 1 starts from the next available register, which is ADTBLG; its
list size is 13 (SLSIZE<5:0> of 12, plus 1), so its end point is ADTBL18 (staring address of 6, plus
SLSIZE<5:0> of 12). The other Sample Lists are allocated in a similar manner.

It is not necessary to use all of the ADTBLn registers. Any extra registers beyond the end of the
enabled Sample Lists may be left unconfigured.

The module hardware does not enforce any checks to prevent more than the implemented num-
ber of sample items from being allocated; it is entirely possible to program the SLSIZE<5:0> bits
field so that the total value for all enabled lists is greater than the number of available ADTBLn
registers. When developing applications for the Pipeline A/D Converter, it is the user’s responsi-
bility to make certain that Sample Lists are defined correctly and that sample items are allocated
to the proper Sample Lists.

The code example shown in Example 65-2 (pages 34 through 36) demonstrates the use of
multiple Sample Lists.
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Figure 65-7: Example of Allocating ADTBLn Registers to Multiple Sample Lists
Sample List 0: (V770088 7
SLSIZE<5:0> =5 /////////////// 7

e o i P 7
List Size: 6 Vi . 2 7
First Entry: ADTBLO 777/PoiBls 777
Last Entry: ADTBL5 //////////A//////////
Sample List 1: ADTBL?
SLSIZE<5:0> = 12 poTELe
List Size: 13 ADTBL10
First Entry: ADTBL6 ADTBL11
Last Entry: ADTBL18 — Qggtg
Sample List 2: ADTBL14
SLSIZE<5:0> =3 ADTBL15
List Size: 4 Qg¥gt1$
First Entry: ADTBL19
Last Entry: ADTBL22
Sample List 3: X
SLSIZE<5:0> = 6 RIELS
List Size: 7 DTS
First Entry: ADTBL23 ADTBL25
Last Entry: ADTBL29 — ADTBL26

ADTBL27
ADTBL28
ADTBL29
Unallocated Registers { ﬁggtg?
Example 65-2: Multiple Sample List Initialization (Input Configuration)

// PIC24FJ128GC010 CONFIGURATION SETTINGS
_CONFIG4 (PLLDIV DIV2 & IOLIWAY OFF)

_CONFIG3 (BOREN OFF)

_CONFIG2 (POSCMD HS & FNOSC PRIPLL & FCKSM CSECME)
_CONFIGL (FWDTEN WDT SW & ICS PGx2)

int
int

volatile
volatile

unsigned
unsigned
unsigned

channel 0;
channel 1;
volatile int channel 2;
int
int

volatile
volatile

unsigned
unsigned
unsigned

channel 3;
channel 4;
volatile int channel 5;
int main ()

{

// ANALOG INPUTS CONFIGURATION

// 2 analog inputs for list #0.

TRISBbits.TRISBO = 1; // ANO (RBO)
ANSBbits.ANSBO = 1;

TRISBbits.TRISBl = 1; // ANl (RB1)
ANSBbits.ANSBl = 1;

// 3 analog inputs for list #1.

TRISBbits.TRISB2 = 1; // AN2 (RB2)
ANSBbits.ANSB2 = 1;

TRISBbits.TRISB3 = 1; // AN3 (RB3)
ANSBbits.ANSB3 = 1;

TRISBbits.TRISB4 = 1; // RAN4 (RB4)
ANSBbits.ANSB4 = 1;

// 1 analog input for list #2.

TRISBbits.TRISBS5 = 1; // ANS5 (RB5)

ANSBbits.ANSB5 = 1;
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Example 65-2: Multiple Sample List Initialization (Global and Sample List Configuration) (Continued)

// GLOBAL SETTINGS

ADCON1=0;

ADCON2=0;

ADCON3=0;

// Configure the A/D voltage references.

ADCON2bits.PVCFG = 0; // Vref+ = Avdd

ADCON2bits.NVCEFG = 0; // Vref- = AVss

// Configure the A/D clock.

ADCON3bits.ADRC = 0; // Conversion clock derived from system clock.
ADCON3bits.ADCS = 15; // Divide system clock by 16(TAD = luS @ 16 MIPS).
// Configure buffer storage settings and interrupt generation.

ADCONlbits.FORM = 0; // Output format is raw integer.
ADCON2bits.BUFORG = 1; // Result buffer is indexed registers.
ADCON2bits.BUFINT = 0; // No buffer interrupt.

// Configure power-saving.

ADCONlbits.PWRLVL = 0; // Low power, reduced frequency operation.
ADCON2bits.ADPWR = 3; // Module is always powered.

// SAMPLE LIST #0 SETTINGS

ADLOCONL = 0;

ADLOCONH = 0;

// Sample list length.

ADLOCONLbits.SLSIZE = 2-1; // 2 channels are in the list.
// Sampling settings.

ADLOCONHbits.ASEN = 1; // Enable auto-scan.

ADLOCONHbits.SLINT = 1; // Interrupt after auto-scan completion.
ADLOCONHbits.SAMC = 15; // Sample time is 15 TAD.

ADLOCONLbits.SLTSRC = 0; // Single trigger generated when SAMP is cleared.
ADLOPTR = 0; // Start from the first list entry.

// Threshod compare settings.

ADLOCONHbits.CM = 0; // Disable threshold compare.

// Channels selection.

ADTBLObits.ADCH = 0; // Channel #0.

ADTBL1bits.ADCH = 1; // Channel #1.

// SAMPLE LIST #1 SETTINGS

ADL1CONL = 0;

ADLI1CONH = 0;

// Sample list length.

ADL1CONLbits.SLSIZE = 3-1; // 3 channels are in the list.
// Sampling settings.

ADL1CONHbits.ASEN = 1; // Enable auto-scan.

ADL1CONHbits.SLINT = 1; // Interrupt after auto-scan completion.
ADL1CONHbits.SAMC = 15; // Sample time is 15 TAD.

ADL1CONLbits.SLTSRC = 0; // Single trigger generated when SAMP is cleared.
ADL1PTR = 0; // Start from the first list entry.

// Threshod compare settings.

ADL1CONHbits.CM = 0; // Disable threshold compare.

// Channels selection.

ADTBL2bits.ADCH = 2; // Channel #2.

ADTBL3bits.ADCH = 3; // Channel #3.

ADTBL4bits.ADCH = 4; // Channel #4

// SAMPLE LIST #2 SETTINGS

ADL2CONL = 0;

ADL2CONH = 0;

// Sample list length.

ADL2CONLbits.SLSIZE = 1-1; // 1 channel is in the list.
// Sampling settings.

ADL2CONHbits.ASEN = 1; // Enable auto-scan.

ADL2CONHbits.SLINT = 1; // Interrupt after auto-scan completion.

ADL2CONHbits.SAMC = 15; // Sample time is 15 TAD. !:
ADL2CONLbits.SLTSRC = 0; // Single trigger generated when SAMP is cleared. EJ_U
ADL2PTR = 0; // Start from the first list entry. C)ii
// Threshod compare settings. g @
ADL1CONHbits.CM = 0; // Disable threshod compare. g =1
// Channels selection. :.m
ADTBL5bits.ADCH = 5; // Channel #5. @
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Example 65-2: Multiple Sample List Initialization (Conversion) (Continued)

// ENABLE A/D
ADCONlbits.ADON =
while (ADSTATHbits
ADCONlbits.ADCAL
while (ADSTATHbits
ADLOCONLbits.SAMP
ADLOCONLbits.SLEN
ADL1CONLbits.SLEN

// CONVERSION

ADL2CONLbits.SLEN =

while (1)
{

ADSTATLbits.SLOIF = 0;

ADSTATLbits.SL1IF = 0;

ADSTATLbits.SL2IF = 0;

ADLOCONLbits.SAMP = 0; // Start conversion.

while ( // Wait for the result.
(ADSTATLbits.SLOIF == 0) ||
(ADSTATLbits.SL1IF == 0) ||

(ADSTATLbits.SL2IF == 0)

)

ADLOCONLbits.SAMP = 1; // Close the sample switch.
channel 0 = ADRESO; // Read result for the channel #0.
channel 1 = ADRESI; // Read result for the channel #1.
channel 2 = ADRES2; // Read result for the channel #2.
channel 3 = ADRES3; // Read result for the channel #3.
channel 4 = ADRES4; // Read result for the channel #4.
channel 5 = ADRES5; // Read result for the channel #5.

1; // Enable A/D.
.ADREADY == 0); // Wait for ready flag set.
=1; // Start calibration.
.ADREADY == 0);
=1; // Close sample switch.
=1; // Enable sample lists.
=1;

1;

65.9.3.1 SIMULTANEOUS TRIGGERING OF MULTIPLE SAMPLE LISTS

If the application configures and enables more than one Sample List simultaneously, it is possible
for two or more Sample Lists to be triggered simultaneously, or close enough in time that the
Pipeline A/D Converter is still busy processing one Sample List trigger event when the second
trigger event arrives. In this scenario, the analog pipeline can only begin sampling and measuring
one channel at a time, as the analog core only provides one Sample-and-Hold capacitor, and
only one analog conversion pipeline.

In these instances, the A/D Converter uses fixed priority hardware arbitration to handle simulta-
neous, or near simultaneous, triggers from multiple lists. Arbitration is based on the list number,
with the lowest numbered Sample List that is enabled being processed first. The next highest
number enabled list is processed next, and so on.

One trigger event can be queued for each enabled list. If additional trigger events are generated after
a trigger event has already been queued up, the additional trigger(s) will be ignored. Once the A/D
Converter has processed the queued trigger event for a Sample List, the list may be triggered again.

As an example, if Sample Lists 0 through 2 are all simultaneously enabled, and all are configured

to trigger on external INTO falling edge events, all three Sample Lists will be triggered on an INTO
high-to-low transition. In this scenario, the hardware will:

1. Begin sampling and converting the analog channel selected by Sample List 0, while
queuing up one trigger each for Sample List 1 and Sample List 2.

2. Begin sampling and converting the analog channel selected by Sample List 1 once
Sample List 0 has been handled.

3. Begin sampling and converting the analog channel selected by Sample List 2 once
Sample List 1 has been handled.

If Auto-Scan mode is enabled on a Sample List, the converter will finish sampling all entries in
the list prior to moving on to next queued trigger.
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Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.10 MULTI-CHANNEL OPERATION

The A/D Converter includes a hardware feature to enable multiple analog channels at once
(effectively shorting them together through the resistance of the internal MUX). The shorted
channels are passed to the S/H cap, which results in a single result. The primary use of this mode
is in capacitive touch key arrays, where shorting multiple buttons will indicate an approaching
touch (proximity detector). Note that if multiple input channels are enabled, the result is not
summed; they are shorted.

This operation is not to be confused with simultaneous sampling, with multiple S/H and A/D
Converters. This module has a single S/H and a single A/D Converter, and can only sample one
voltage at a time.

Multi-channel operation is implemented individually for each of the Sample Lists. Operation is
controlled by the MULCHEN bit (ADLnCONH<5>). Setting MULCHEN allows all of the analog
channels selected by the ADLNMSELXx registers (Register 65-17 to Register 65-20) to be
enabled simultaneously and sampled as a group. Setting or clearing any of the MSELX bits in
these registers, respectively, includes or excludes the corresponding analog input in
simultaneous sampling.

Note: Only Analog Input Channels 15 and higher can be simultaneously enabled with the
MULCHEN bit. Channel select bits, corresponding to Analog Channels ANO through
AN15, are not provided in the ADLNMSELO register.

In addition, setting the MULCHEN bit disables other processing for the Sample List. The
SLSIZEx bits and any associated ADTBLn Sample List registers are ignored. Instead, the
enabled channels are sampled as a group and converted according to the other bit settings
defined in the corresponding ADLNCONL register. Threshold Detect and compare operations
may also be performed with the resulting conversion, as dictated by the settings in the
ADLNCONH register.

The results of a conversion of a multi-channel operation are stored at the starting address of the
Sample List. For Sample List 0, this is always ADRESO. The starting address of other Sample
Lists is determined by the current Sample List configuration, as described in Section 65.9.3
“Using Multiple Sample Lists”.
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65.11 THRESHOLD DETECT OPERATIONS

Threshold Detect extends the capabilities of multi-channel scanning and Sample List operations,
by allowing the user to define match conditions, based on the conversion results, and generate
an interrupt based on these conditions. This feature is implemented using dedicated digital
threshold comparison hardware. During normal operation, Threshold Detect can potentially
reduce the amount of CPU time spent on processing A/D interrupts. For low-power applications,
this can allow the CPU to remain inactive for longer periods, waking only when specific analog
conditions are met.

In the Pipeline A/D Converter, Threshold Detect includes two options for managing comparison
thresholds: using dedicated Threshold registers (ADTHnH/ADTHnNL) or the ADRESn buffer itself.
Threshold Detect also uses the ADCHITH/ADCHITL registers to indicate when threshold match
conditions have been met. Independently selectable comparison and buffer storage settings
make a wide range of operating combinations possible.

65.11.1 Operating Modes

The operation of Threshold Detect is mostly controlled by the ADLnCONH register. This allows
each Sample List to use a different Threshold Detect configuration or to not use it at all.

The Compare Mode bits, CM<2:0> (ADLNCONH<10:8>), select the type of comparison to be
performed. Four types are available:

» The result of the current conversion is greater than a reference threshold

» The result of the current conversion is less than a reference threshold

» The result of the current conversion is between two predefined thresholds (“Inside Window”)

» The result of the current conversion is outside of the predefined thresholds (“Outside Window”)

The Write Mode bits, WM<1:0> (ADLNCONH<12:11>), determine the disposition of the conversion.
Three options are available:

» Discard the conversion data after the comparison has been performed
» Store the conversion data after the comparison has been performed
» Store the conversion data without comparison

65.11.2 Setting Comparison Thresholds

The reference values for Threshold Detect operations can be stored in one of two register sets.
The selection is controlled by the THSRC bit (ADLhnCONL<7>). When this bit is set, Threshold
Detect operations use the ADTHnH and ADTHNL registers (Register 65-15 and Register 65-16)
as references for the high and low threshold values, respectively. For non-windowed (Greater
Than or Less Than) comparisons, ADTHnL stores the single reference value. Each Sample List
has its own pair of Threshold registers.

When THSRC = 0, the A/D Converter uses the ADRESnN buffer as a source for reference(s) used
during comparison operations. As the ADRESH registers can only be written to in software when
the A/D Converter is disabled, the application must preload the ADRESnh buffer with the desired
reference threshold value(s), prior to enabling the A/D Converter. If it becomes necessary to
change the threshold value(s) after the module has been enabled, the application must first
disable the module before changing the value(s).

When the Threshold Detect mode is configured for non-windowed (Greater Than or Less Than)
comparisons (CM<2:0>= 010 or 001), the single threshold value used for comparison is stored in
the ADRESN register that corresponds to the ADTBLn Sample List entry. When the Threshold
Detect mode is configured for windowed comparisons (CM<2:0> =100 or 011), adjacent ADRESn
registers are paired, with pairs aligned on the even numbered register. For example, ADRESO is
paired with ADRES1, ADRES?2 is paired with ADRES3, etc. The even numbered buffer stores the
low threshold value, while the odd numbered buffer stores the high threshold value.

Channel pairing is not enforced by hardware, so paired buffer locations can be used for other
purposes. However, storing any other data in a particular buffer location may result in misleading
comparison evaluations. In general, it is recommended that the ADTHnH/L registers be used to
store threshold values, rather than the ADRESn registers. If the ADRESnh registers are to be used
to store threshold values, particularly in Windowed modes, it is recommended that FIFO Buffer
mode (BUFORG = 0) not be used with Threshold Detect operations.
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65.11.3 Compare Hit Registers

To indicate if a Threshold Detect event has occurred, the A/D module uses two registers to record
match events. These registers are referred to as the Compare Hit registers, and are designated
ADCHITL and ADCHITH. The registers map their individual bits sequentially to each of the (up
to) 32 Sample List entries.

Each bit serves as an event semaphore for its corresponding Sample List entry and ADTBLn
register. When the programmed event occurs on that channel, the bit becomes set and stays set
until it is cleared by the application. It is the user’s responsibility to clear the bits after the
application has evaluated them.

Depending on the event, more than one Compare Hit bit (CHHx) may be set. The significance of
a set bit must be interpreted by the application in the context of the Compare mode selected.

65.11.4 Comparison Mode Examples

The examples on the following pages show the effect of valid comparisons on the results buffer
and the Compare Hit registers. In each figure, changes within the registers are indicated in bold.

For simplicity, the examples show only 16 ADRESnh registers and one Compare Hit register
(ADCHITL). The principles described here apply equally to the balance of ADRESn registers and
the ADCHITH register.

Additionally, these examples illustrate operation when the ADRESnh buffer is used for threshold
storage (THSRC = 0). As previously noted, the use of ADTHnHI/L registers to store comparison
values (THSRC = 1) is the preferred method. When the ADTHNnH/L registers are used to store
threshold values, the ADRESN registers may contain any data.

Note: When using any Comparison mode, always use indexed buffer storage
(BUFORG = 1); otherwise, the threshold values for other channels may be
overwritten, resulting in unpredictable comparisons.
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65.11.4.1 SIMPLE COMPARISONS (GREATER AND LESS THAN RESULTS)

When the Compare Mode bits (CM<2:0>) are programmed as ‘010’ or ‘001’, the converter com-
pares the sampled value to see if it is greater than (CM<2:0> = 010), or less than
(CM<2:0> = 001), the threshold value in either of the ADTHNL/ADTHNH registers or in the buffer
location. If the condition is met, both of the following occur:

» The Compare Hit bit (CHHXx) for the corresponding channel is set.

« If the Write Mode bits, WM<1:0> (ADLnCONH<12:11>), are programmed to ‘01’, the
converted value is written to the buffer. When THSRC = 0, the converted value replaces the
threshold value already in the ADRESN register.

If WM<1:0> = 10, the converted value is discarded.

If THSRC = 1, the values in the ADTHnL and ADTHnNH registers remain unchanged, regardless
of the configuration of the WMx bits. The Compare Hit bits are still set as previously described.

The changes to the result buffer and the Compare Hit register are shown in Figure 65-8. Note
that they are the same for both types of simple comparison.

Figure 65-8: Simple Comparison Operations (Greater Than and Less Than), THSRC = 0

Before Conversion and Comparison After Conversion and Comparison
ADRES15 — Compare Only Compare and
ADRES14 — (‘10’) Store (‘01’)
ADRES13 — ADRES15 — —
ADRES12 — ADRES14 — —
ADRES11 — ADRES13 — —
ADRES10 — ADRES12 — —
ADRES9 — ADRES11 — —
ADRES8 — ADRES10 — —
ADRES7 — ADRES9 — —
ADRES6 — ADRESS8 — —
ADRES5 — ADRES7 — —
ADRES4 — ADRES6 — —
ADRES3 — ADRES5 — —
ADRES2| Threshold Value ADRES4 — —
ADRESH1 — ADRES3 — —
ADRESO — ADRES2| Threshold Value | Conversion Value
ADRES1 — —
ADRESO — —
ADCHITL ADCHITL
15 14 13 12 11 10 9 8 15 14 13 12 11 10 9 8
0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 6 5 4 3 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0
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65.11.4.2 INSIDE WINDOW COMPARISON

When the Compare Mode bits, CM<2:0>, are programmed as ‘010’ and THSRC = 0, the con-
verter compares the sampled value to see if it falls between the threshold values in the buffer
register pair. Since the value in the odd register location is always the greater value of the two
thresholds, the condition is met when:

Threshold 2 > Converted Value > Threshold 1
In this case, both of the following occur:
» The Compare Hit bit (CHHXx) for the corresponding channel is set; the Compare Hit bit for

the paired buffer remains cleared.

* If WM<1:0> are programmed to ‘01’, the converted value is written to the buffer. When
THSRC = 0, the converted value replaces the threshold value already in the ADRESnH register.
If WM<1:0> = 10, the converted value is discarded.

If THSRC = 1, the values in the ADTHNnL and ADTHnNH registers are used for threshold compar-
ison and remain unchanged, regardless of the configuration of the WMx bits. The Compare Hit
bits are still set as previously described.

The changes to the result buffer and the Compare Hit register are shown in Figure 65-9.

Figure 65-9: Inside Window Comparison Operation, THSRC =0
Before Conversion and Comparison After Conversion and Comparison
ADRES15 — Compare Only Compare and
ADRES14 — (‘10°) Store (01’)
ADRES13 — ADRES15 — —
ADRES12 — ADRES14 — —
ADRES11 — ADRES13 — —
ADRES10 — ADRES12 — —
ADRES9 — ADRES11 — —
ADRES8 — ADRES10 — —
ADRES7 — ADRES9 — —
ADRES6 — ADRESS — —
ADRES5 — ADRES7 — —
ADRES4 — ADRES6 — —
ADRES3 Threshold 2 ADRESS5 — —
ADRES2 Threshold 1 ADRES4 — —
ADRES1 — ADRES3 Threshold 2 Threshold 2
ADRESO — ADRES2 Threshold 1 Conversion Value
ADRESH1 — —
ADRESO — —
ADCHITL ADCHITL
15 14 13 12 11 10 9 8 15 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0 0 0
7 6 5 4 3 1 0 7 6 5 4 3 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0
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65.11.4.3 OUTSIDE WINDOW COMPARISON

When the Compare Mode bits CM<2:0> are programmed as ‘011’, and THSRC = 0, the con-
verter compares the sampled value to see if it falls outside of the threshold values in the buffer
register pair. Again, since the value in the odd buffer location is always the greater value of the

two thresholds, the condition is met when either:
Converted Value > Threshold 2
or
Threshold 1 > Converted Value
In these cases, the following occurs:

» The Compare Hit bit (CHHXx) for the corresponding channel is set.

« If the converted value is greater than Threshold 2, the CHHXx bit for the odd buffer is also
set. If it is less than Threshold 1, the odd buffer bit remains ‘0’.

e If WM<1:0> is programmed to ‘01’ and THSRC = 0:

- If the converted value is above Threshold 2, the converted value is written to the odd
buffer, replacing the upper threshold value.

- If the converted value is below Threshold 1, the converted value is written to the even
buffer, replacing the lower threshold value.

¢ [f WM<1:0> =10, the converted value is discarded.

If THSRC = 1, the values in the ADTHnL and ADTHnNH registers remain unchanged, regardless
of the configuration of the WMx bits. The Compare Hit bits are still set as previously described.

The changes to the result buffer and the Compare Hit register are shown in Figure 65-10 (over

the upper threshold) and Figure 65-11 (under the lower threshold).

Figure 65-10: Outside Window Comparison Operation (Over Threshold 2), THSRC =0

Before Conversion and Comparison

After Conversion and Comparison

ADRES15 — Compare Only Compare and
ADRES14 — (‘10°) Store (‘01’)
ADRES13 — ADRES15 — —
ADRES12 — ADRES14 — —
ADRES11 — ADRES13 — —
ADRES10 — ADRES12 — —
ADRES9 — ADRES11 — —
ADRESS8 — ADRES10 — —
ADRES7 — ADRES9 — —
ADRES6 — ADRESS8 — —
ADRES5 — ADRES?7 — —
ADRES4 — ADRES6 — —
ADRES3 Threshold 2 ADRESS5 — _
ADRES2 Threshold 1 ADRES4 — —
ADRES1 — ADRES3 Threshold 2 Conversion Value
ADRESO — ADRES2 Threshold 1 Threshold 1
ADRES1 — —
ADRESO — —
AD1CHITL AD1CHITL
15 14 13 12 1 10 9 8 15 14 13 12 1 10 9 8
0 0 0 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 1 0 0
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Figure 65-11: Outside Window Comparison Operation (Under Threshold 1), THSRC =0
Before Conversion and Comparison After Conversion and Comparison
ADRES15 — Compare Only Compare and
ADRES14 — (‘10°) Store (‘01°)
ADRES13 — ADRES15 — —
ADRES12 — ADRES14 — _
ADRES1M — ADRES13 — —
ADRES10 ADRES12 — —
ADRES9 — ADRES11 — _
ADRESS8 — ADRES10
ADRES7 — ADRES9 — —
ADRES6 — ADRESS8 — —
ADRES5 — ADRES?7 — —
ADRES4 — ADRES6 — _
ADRES3 Threshold 2 ADRES5 — _
ADRES2 Threshold 1 ADRES4 — —
ADRES1 — ADRES3 Threshold 2 Threshold 2
ADRESO — ADRES?2 Threshold 1 Conversion Value
ADRESH1 — —
ADRESO — —
AD1CHITL AD1CHITL
15 14 13 12 11 10 9 8 15 14 13 12 11 10 9 8
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 5 4 3 2 1 0 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 1 0 0

Note that when a Windowed Comparison mode is selected and THSRC = 0, nothing prevents a
conversion from another operation from being stored in the paired channel location. In the previ-
ous examples, if a Sample List includes an entry for ADTBL3, a Threshold Detect operation on
that entry would be tested against the high threshold value already stored there. This could result

in the threshold value being overwritten and/or the CHH3 bit being set.

For this reason, users must always carefully consider the allocation and use of Sample Lists and
the ADRESN buffers when using Windowed Compare modes. Wherever possible, use the
ADTHnNL and ADTHNH registers to store threshold values. If that is not possible, exclude the odd
ADRESN registers from Threshold Detect operations, and convert and test the corresponding

Sample List items in a separate routine.

© 2013 Microchip Technology Inc.
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65.12 SAMPLE-AND-ACCUMULATE OPERATIONS

In many applications, it is desirable to repeatedly sample an analog signal and sum the results.
One use for sample accumulation is oversampling, where the average of many samples over
time can greatly improve the quality of the result data by effectively removing circuit noise.
Oversampling can be performed by software, but this can result in excessive CPU utilization.

The Pipeline A/D Converter provides a hardware facility to perform automated
Sample-and-Accumulate operations without CPU intervention. The accumulate function is
user-configurable, and is controlled by the ACCONH/ACCONL registers. Accumulated sums, up
to 32 bits wide, are stored in the ACRESH/ACRESL registers.

To use the accumulation hardware feature:

1. Configure the A/D Converter’s global settings and enable the module (see Section 65.8
“Initialization”).

2. Configure and enable a Sample List with a single entry selecting the desired channel to
accumulate.

3. Configure the desired accumulation settings:
a) Configure the interrupt settings
b) Configure the number of samples to include in the accumulated result before completing

the operation and generating an accumulation complete interrupt (if enabled)

c) Set TBLSEL<5:0> (ACCONL<13:8>) to point to the correct ADTBLn register

4. Clear or preload the ACRESH/ACRESL values (if desired).

Enable the accumulation feature by setting the ACEN bit (ACCONH<7>).

6. Generate repeated trigger events for the Sample List configured in Step 2. For each

sample result generated using the selected ADTBLn register, the value is added to the
ACRESH/ACRESL accumulator result.

The accumulation feature is only intended to accumulate unsigned right justified conversion
results. Operation with other data formatting modes is not supported.

The total number of individual samples that will be added/accumulated to the ACRESH/ACRESL
registers is determined by the COUNT<7:0> bits (ACCONL<7:0>), which are configured by soft-
ware prior to setting ACEN. The hardware automatically decrements the COUNTXx value after
each conversion on the specified channel. Once COUNT<7:0> reaches 00h, the hardware
automatically clears ACEN and generates an ACCIF interrupt event (if enabled).

o

The total number of samples that are accumulated in a single accumulation procedure is equal
to the value of the COUNT<7:0> bits prior to starting the process. This allows the accumulator to
provide any oversampling ratios of 1:1 to 1:256, depending on the initial value of the COUNTX
bits. When COUNTX is preloaded with 00h prior to an accumulation, the hardware performs
exactly 256 additions before clearing ACEN.

The A/D Converter does not automatically clear the ACRESH/ACRESL value at the start of an
accumulation process. For sample sizes of 256 or lower, the application will need to clear
ACRESH/ACRESL prior to starting a new accumulation procedure. Any new result values will be
added to the existing ACRESH/ACRESL value. This allows the A/D Converter to accumulate
sample sizes greater than 256 for higher oversampling ratios.

If a higher oversampling or accumulation ratio is desired, the application firmware may re-initialize
the desired COUNT<7:0> bits field value and set ACEN again.

Note: Once ACEN is cleared by hardware at the end of an accumulate round, the module
hardware requires a small settling time before the next accumulation process may
be started. Before setting ACEN to initiate another accumulate round, wait for at
least 1 TAD.
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Once the accumulation process is complete, the result sum stored in ACRESH/ACRESL can be
divided in firmware, by the number of samples in the sum to get an average result, with the same
number of bits as the converter’s native (12-bit) resolution. If the sample size is an exact power
of two, the division operation can be performed quickly by right bit shift operation(s) on the result.
Otherwise, the DIV.UD instruction may be used. For those using the MPLAB® C30 or XC16
compilers, this instruction can be employed withthe  builtin divud() function.

Example 65-3 (pages 45 and 46) demonstrates the use of multiple Sample Lists.

Example 65-3: Sample-and-Accumulate (Configuration and Sample List)

#include <p24FJ128GC010.h>

// PIC24FJ128GC010 CONFIGURATION SETTINGS
_CONFIG4 (PLLDIV DIV2 & IOL1WAY OFF)

_CONFIG3 (BOREN OFF)

_CONFIG2(POSCMD HS & FNOSC PRIPLL & FCKSM CSECME)
_CONFIG1 (FWDTEN WDT SW & ICS PGx2)

#define ACC_ NUMBER SAMPLES 16 // Number of samples to accumulate.

// These variables contain the results.
volatile unsigned int channel 2;
volatile unsigned int channel 38;
volatile unsigned long accumulator;

int main ()

{

// ANALOG INPUTS CONFIGURATION

// 2 analog inputs will be sampled.
TRISBbits.TRISB2 = 1; // RAN2 (RB2)
ANSBbits.ANSB2 = 1;

TRISAbits.TRISAL4 = 1; // RAN38 (RA14)
ANSAbits.ANSAl4 = 1;

// GLOBAL SETTINGS

ADCON1=0;

ADCON2=0;

ADCON3=0;

// Configure the A/D voltage references.
ADCON2bits.PVCFG = 0; // Vref+ = AvVdd

ADCON2bits.NVCEFG 0; // Vref- = AVss
// Configure the A/D clock.

ADCON3bits.ADRC = 0; // Conversion clock derived from system clock.
ADCON3bits.ADCS = 15; // Divide system clock by 16(TAD = 1luS @ 16 MIPS).
// Configure buffer storage settings and interrupt generation.

ADCON1bits.FORM = 0; // Data output format is a raw integer.
ADCON2bits.BUFORG = 1; // Result buffer is an indexed buffer.
ADCON2bits.BUFINT = 0; // No buffer interrupt.

// Configure power-saving.

ADCONlbits.PWRLVL = 0; // Low power, reduced frequency operation.
ADCON2bits.ADPWR = 3; // Module is always powered.

// SAMPLE LIST SETTINGS
ADLOCONL 0;
ADLOCONH = 0;
// Sample list length.

ADLOCONLbits.SLSIZE = 2-1; // 2 channels are in the list.

// Sampling settings.

ADLOCONHbits.ASEN = 1; // Enable auto-scan.

ADLOCONHbits.SLINT = 1; // Interrupt after auto-scan completion.

ADLOCONHbits.SAMC = 15; // Sample time is 15 TAD.

ADLOCONLbits.SLTSRC = 0; // Single trigger generated when SAMP is cleared.

// Start from the first list entry. !:
ADLOPTR = 0; O O
// Threshod compare settings. 8§
ADLOCONHbits.CM = 0; // Disable threshod compare. 3 =
// Channels selection. (1] 3
ADTBLObits.ADCH = 2; // Channel #2. %
ADTBL1bits.ADCH = 38; // Channel #38. =
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Example 65-3:

Sample-and-Accumulate (Accumulator and Conversion) (Continued)

// ACCUMULATOR SETTINGS

}

//
//
/7
//
//

//

//

/7
//

// Set initial value for the accumulator.
ACRESL = 0;
ACRESH = 0;
ACCONLbits.COUNT = ACC_NUMBER_SAMPLES;
ACCONLbits.TBLSEL = 1;
ADSTATLbits.ACCIF = 0;
ACCONHbits.ACIE = 1;
ACCONHbits.ACEN = 1;
// ENABLE A/D
ADCONlbits.ADON = 1;
while (ADSTATHbits.ADREADY == 0);
ADCONlbits.ADCAL = 1;
while (ADSTATHbits.ADREADY == 0);
ADLOCONLbits.SAMP = 1;
ADLOCONLbits.SLEN = 1;
// CONVERSION
while (1)
{
IFSObits.AD1IF = 0;
ADLOCONLbits.SAMP = 0;
while (IFSObits.AD1IF == 0);
ADLOCONLbits.SAMP = 1;
channel 2 = ADRESO;
channel 38 = ADRES1;
if (ADSTATLbits.ACCIF != 0)
{
accumulator = ACRESH;
accumulator <<= 16;
accumulator |= ACRESL;
ACRESL = 0;
ACRESH = 0;
ACCONLbits.COUNT = ACC_NUMBER_SAMPLES;
ACCONHbits.ACEN = 1;
ADSTATLbits.ACCIF = 0;
//
// PROCESS ACCUMULATOR DATA HERE
//

Accumulate 16 samples.

Accumulate channel #38 from entry #1.
Reset accumulator interrupt flag.
Enable the accumulator interrupt.
Accumulator enabled.

Enable A/D.
Wait for ready flag set.
Start calibration.

Close sample switch.
Enable sample list.

//
//
//
//
//

Start conversion.

Wait for the result.

Close the sample switch.

Read result for the channel #2.
Read result for the channel #38.

// Read result from accumulator.

// Set initial value for the accumulator.

// Accumulate samples again.
// Reenable accumulator.
// Reset accumulator interrupt flag.
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65.13 EFFECTS OF A RESET

If a Reset occurs, the A/D Converter will abandon any operations that may currently be in progress
and the A/D Control registers will reset to their default states. This will have the effect of disabling
the A/D module. In order to begin using the A/D again, following a Reset event, the firmware will
need to fully re-initialize and re-enable the module, Sample Lists, trigger source/settings, etc.

65.14 OPERATION IN SLEEP AND IDLE MODES
65.14.1 Operation in Sleep Modes

The Pipeline A/D Converter can continue to operate and collect measurements in Sleep mode

when all of the following conditions are true:

1. The module is configured to use the FRC oscillator as the clock source (e.g., ADRC = 1).

2. The ADSLP bit (ADCON1<12>) is set.

3. An asynchronous trigger event is generated (INTO event, TMR1 in Asynchronous mode,
etc.).

In order to do this, the FRC oscillator needs to remain active in Sleep mode. This happens auto-
matically when the A/D Converter is enabled (ADON = 1), FRC is selected as the clock source
(ADRC = 1) and ADSLP is set.

If continuous FRC operation results in Sleep current consumption that is too high for the intended
application, a “hurry up and wait” solution may be implemented to minimize the amount of time
that the FRC is running. Such a solution involves:
1. Allowing the device to Sleep most of the time with the A/D Converter disabled (ADON = 0).
2. Waking up periodically (Timer1 interrupt, WDT, etc.) and performing a conversion:

a) Setting ADON to enable the module

b) Taking the A/D measurement(s)

c) Clearing ADON to disable the module
3. Re-entering Sleep mode.

65.14.2 Operation in Idle Mode

When the ADSIDL bit is clear, the A/D Converter will continue to operate normally while the
microcontroller is in Idle mode. If interrupts are configured and enabled, the module will continue
to generate interrupt events when conversions are complete.
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65.15

REGISTER MAP

The register map for the 12-Bit, High-Speed Pipeline A/D Converter is shown in Table 65-5. Note this list represents the map for a complete
implementation; some devices may have a less complete feature set. Refer to the device data sheet for the device-specific register map.

Table 65-5: 12-Bit, High-Speed Pipeline A/D Converter Register Map
File Name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsI(Iets

ADCON1 ADON — ADSIDL ADSLP FORM3 FORM2 FORM1 FORMO | PUMPEN | ADCAL — — — — — PWRLVL | 0000
ADCON2 PVCFG1 | PVCFGO — NVCFGO — BUFORG | ADPWR1 | ADPWRO | BUFINT1 | BUFINTO — — — — RFPUMP | ADHALT | 0000
ADCON3 ADRC — — — SLEN3 SLEN2 SLEN1 SLENO ADCS7 ADCS6 ADCS5 ADCS4 ADCS3 ADCS2 ADCS1 ADCS0 0000
ADTMRPR A/D Trigger Timer Period Value 0000
ADSTATH — — — — — — — — — — — — — PUMPST |ADREADY | ADBUSY | 0000
ADSTATL — — — — — — — SLoV — — BUFIF ACCIF SL3IF SL2IF SL1IF SLOIF 0000
ADLOCONH ASEN SLINT1 SLINTO WM1 WMO CM2 CM1 CMO CTMEN | PINTRIS |MULCHEN| SAMC4 SAMC3 SAMC2 SAMC1 SAMCO 0000
ADLOCONL SLEN SAMP | SLENCLR | SLTSRC4 | SLTSRC3 | SLTSRC2 | SLTSRC1 | SLTSRCO | THSRC — SLSIZE5 | SLSIZE4 | SLSIZE3 | SLSIZE2 | SLSIZE1 | SLSIZEO | 0000
ADL1CONH ASEN SLINT1 SLINTO WM1 WMO CM2 CM1 CMO CTMEN | PINTRIS |MULCHEN| SAMC4 SAMC3 SAMC2 SAMC1 SAMCO 0000
ADL1CONL SLEN SAMP | SLENCLR | SLTSRC4 | SLTSRC3 | SLTSRC2 | SLTSRC1 | SLTSRCO | THSRC — SLSIZE5 | SLSIZE4 | SLSIZE3 | SLSIZE2 | SLSIZE1 | SLSIZEO | 0000
ADL2CONH ASEN SLINT1 SLINTO WM1 WMO CM2 CM1 CMO CTMEN | PINTRIS |MULCHEN| SAMC4 SAMC3 SAMC2 SAMC1 SAMCO 0000
ADL2CONL SLEN SAMP | SLENCLR | SLTSRC4 | SLTSRC3 | SLTSRC2 | SLTSRC1 | SLTSRCO | THSRC — SLSIZE5 | SLSIZE4 | SLSIZE3 | SLSIZE2 | SLSIZE1 | SLSIZEO | 0000
ADL3CONH ASEN SLINT1 SLINTO WM1 WMO CM2 CM1 CMO CTMEN | PINTRIS |MULCHEN| SAMC4 SAMC3 SAMC2 SAMC1 SAMCO 0000
ADL3CONL SLEN SAMP | SLENCLR | SLTSRC4 | SLTSRC3 | SLTSRC2 | SLTSRC1 | SLTSRCO | THSRC — SLSIZE5 | SLSIZE4 | SLSIZE3 | SLSIZE2 | SLSIZE1 | SLSIZEO | 0000
ADLOPTR — ADNEXT6 | ADNEXT5 | ADNEXT4 | ADNEXT3 | ADNEXT2 | ADNEXT1 | ADNEXTO — — — — — — — — 0000
ADL1PTR — ADNEXT6 | ADNEXT5 | ADNEXT4 | ADNEXT3 | ADNEXT2 | ADNEXT1 | ADNEXTO — — — — — — — — 0000
ADL2PTR — ADNEXT6 | ADNEXT5 | ADNEXT4 | ADNEXT3 | ADNEXT2 | ADNEXT1 | ADNEXTO — — — — — — — — 0000
ADL3PTR — ADNEXT6 | ADNEXT5 | ADNEXT4 | ADNEXT3 | ADNEXT2 | ADNEXT1 | ADNEXTO — — — — — — — — 0000
ADLOSTAT ADTACT | LBUSY — — — — — — ADTDLY — ADLIF — — — — — 0000
ADL1STAT ADTACT | LBUSY — — — — — — ADTDLY — ADLIF — — — — — 0000
ADL2STAT ADTACT | LBUSY — — — — — — ADTDLY — ADLIF — — — — — 0000
ADL3STAT ADTACT | LBUSY — — — — — — ADTDLY — ADLIF — — — — — 0000
ADTBLO UCTMU DIFF — — — — — — — ADCH6 ADCH5 ADCH4 ADCH3 ADCH2 ADCH1 ADCHO 0000
ADTBLA1 UCTMU DIFF — — — — — — — ADCH6 ADCH5 ADCH4 ADCH3 ADCH2 ADCH1 ADCHO 0000
ADTBL62 UCTMU DIFF — — — — — — — ADCH6 ADCH5 ADCH4 ADCH3 ADCH2 ADCH1 ADCHO 0000
ADTBL63 UCTMU DIFF — — — — — — — ADCH6 ADCH5 ADCH4 ADCH3 ADCH2 ADCH1 ADCHO 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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Table 65-5: 12-Bit, High-Speed Pipeline A/D Converter Register Map (Continued)

File Name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReA;I(Ieis
ADRESO A/D Result Register 0 0000
ADRES1 A/D Result Register 1 0000
ADRES30 A/D Result Register 30 0000
ADRES31 A/D Result Register 31 0000
ACCONH — — — — — — — — ACEN ACIE — — — — — — 0000
ACCONL — — TBLSEL5 | TBLSEL4 | TBLSEL3 | TBLSEL2 | TBLSEL1 | TBLSELO | COUNT7 | COUNT6 | COUNT5 | COUNT4 | COUNT3 | COUNT2 | COUNT1 | COUNTO | 0000
ACRESH A/D Accumulation High Result Register (bits 31-16) 0000
ACRESL A/D Accumulation Low Result Register (bits 15-0) 0000

ADCHITH CHH31 CHH30 CHH29 CHH28 CHH27 CHH26 CHH25 CHH24 CHH23 CHH22 CHH21 CHH20 CHH19 CHH18 CHH17 CHH16 0000

ADCHITL CHH15 CHH14 CHH13 CHH12 CHH11 CHH10 CHH9 CHH8 CHH7 CHH6 CHH5 CHH4 CHH3 CHH2 CHH1 CHHO 0000

ADTHOH TH15 TH14 TH13 TH12 TH11 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTHOL TH15 TH14 TH13 TH12 TH1 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTH1H TH15 TH14 TH13 TH12 TH11 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTH1L TH15 TH14 TH13 TH12 TH1 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTH2H TH15 TH14 TH13 TH12 TH11 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTH2L TH15 TH14 TH13 TH12 TH1 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTH3H TH15 TH14 TH13 TH12 TH11 TH10 TH9 TH8 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADTH3L TH15 TH14 TH13 TH12 TH1 TH10 TH9 TH8 TH7 THG6 TH5 TH4 TH3 TH2 TH1 THO 0000
ADLOMSEL3 — — — — — — — — — — — — — — MSEL49 | MSEL48 | 0000

ADLOMSEL2 | MSEL47 | MSEL46 | MSEL45 | MSEL44 | MSEL43 | MSEL42 | MSEL41 | MSEL40 | MSEL39 | MSEL38 | MSEL37 | MSEL36 | MSEL35 | MSEL34 | MSEL33 | MSEL32 | 0000

ADLOMSEL1 | MSEL31 | MSEL30 | MSEL29 | MSEL28 | MSEL27 | MSEL26 | MSEL25 | MSEL24 | MSEL23 | MSEL22 | MSEL21 | MSEL20 | MSEL19 | MSEL18 | MSEL17 | MSEL16 | 0000

ADLOMSELO | MSEL15 = = = = = = = = = = = = = = = 0000

ADL1MSEL3 = = = = = = = = = = = = = = MSEL49 | MSEL48 | 0000

ADL1MSEL2 | MSEL47 | MSEL46 | MSEL45 | MSEL44 | MSEL43 | MSEL42 | MSEL41 | MSEL40 | MSEL39 | MSEL38 | MSEL37 | MSEL36 | MSEL35 | MSEL34 | MSEL33 | MSEL32 | 0000

ADL1MSEL1 | MSEL31 | MSEL30 | MSEL29 | MSEL28 | MSEL27 | MSEL26 | MSEL25 | MSEL24 | MSEL23 | MSEL22 | MSEL21 | MSEL20 | MSEL19 | MSEL18 | MSEL17 | MSEL16 | 0000

ADL1MSELO | MSEL15 = — — — _ _ — — — — — — — _ — 0000

ADL2MSEL3 = = = = = = = = = = = = = = MSEL49 | MSEL48 | 0000

ADL2MSEL2 | MSEL47 | MSEL46 | MSEL45 | MSEL44 | MSEL43 | MSEL42 | MSEL41 | MSEL40 | MSEL39 | MSEL38 | MSEL37 | MSEL36 | MSEL35 | MSEL34 | MSEL33 | MSEL32 | 0000

ADL2MSEL1 | MSEL31 | MSEL30 | MSEL29 | MSEL28 | MSEL27 | MSEL26 | MSEL25 | MSEL24 | MSEL23 | MSEL22 | MSEL21 | MSEL20 | MSEL19 | MSEL18 | MSEL17 | MSEL16 | 0000

ADL2MSELO | MSEL15 = — — — _ _ — — — — — — — _ — 0000

ADL3MSEL3 = = = = = = = = = = = = = = MSEL49 | MSEL48 | 0000

ADL3MSEL2 | MSEL47 | MSEL46 | MSEL45 | MSEL44 | MSEL43 | MSEL42 | MSEL41 | MSEL40 | MSEL39 | MSEL38 | MSEL37 | MSEL36 | MSEL35 | MSEL34 | MSEL33 | MSEL32 | 0000

ADL3MSEL1 | MSEL31 | MSEL30 | MSEL29 | MSEL28 | MSEL27 | MSEL26 | MSEL25 | MSEL24 | MSEL23 | MSEL22 | MSEL21 | MSEL20 | MSEL19 | MSEL18 | MSEL17 | MSEL16 | 0000

ADL3MSELO | MSEL15 = — — — _ _ — — — — — — — _ — 0000

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

Question 1: How can I optimize the system performance of the A/D Converter?

Answer: There are three main things to consider in optimizing A/D performance:

1.

Make sure you are meeting all of the timing specifications. If you are turning the module
off and on, there is a minimum delay you must wait before taking a sample. When taking
a measurement, ensure that enough time is allowed (SAMC<4:0> bits setting) to
adequately charge the Sample-and-Hold capacitor to the analog source voltage. Last but
not least, make certain that the A/D Converter is correctly configured. The A/D Converter
has both a minimum and maximum TAD clock frequency that it may be operated at. Oper-
ating the A/D Converter outside of the specified range can introduce significant additional
error or otherwise prevent the module from working correctly.

Try to minimize analog source impedance wherever possible. High-impedance analog
sources are more susceptible to injected noise from other nearby sources, are affected
more by I/O pin leakage and require longer A/D Converter sample capacitor charging
times. In addition, other global settings, such as RFPUMP and PUMPEN, should be
configured correctly to optimize the signal path, and the converter’s internal operation.

Make sure that the analog source signals being sampled by the A/D Converter are
adequately separated or shielded from digital, or other high-dV/dt signals at the PCB
design level. The converter’s Sample-and-Hold capacitor is very small, often of the same
order of magnitude or smaller than the PCB parasitic capacitance between two parallel
traces routed next to each other on a typical PCB. When a nearby adjacent trace (e.g., a
digital clock or data line) toggles, this can inject a small capacitive charge into analog
signal traces nearby. The severity and quantity of the injected charge depends on the
physical separation distance, and the length that the two traces run parallel on the PCB.
On PCBs with long parallel trace lengths, this digital I/O pin toggling can inject enough
charge to change the A/D Converter measurement by many Least Significant bit counts.
This potential source of noise can be mitigated by increasing the trace separation distance
and/or adding a shielded “dummy” trace in between (that can be connected to AVss or
some other pure DC low-impedance net).

Additionally, adding a small additional capacitance (e.g., 100 pF) onto the analog net can, in
some cases, help to reduce the AC impedance of the analog signal, thereby absorbing some
of the injected charge and resulting in a more stable signal. Intentionally slew rate limiting
nearby digital (or otherwise high-dV/dt) traces can also help. Typically, this can be accom-
plished by adding some additional resistance (typically <1 kQ) directly in-series with the dig-
ital trace, located on the output pin/driver that is driving the trace.

The pipeline architecture of this converter generates a higher average noise floor than
traditional SAR converters. To circumvent this, in most applications, this converter is oper-
ated at a higher speed and multiple samples are taken. This can either be in the form of
successive samples (effectively a moving average filter) or groups of readings are taken
in sets and averaged (e.g., eight samples per reading).

Question 2: Can you recommend a good reference on A/D Converters?

Answer: A good reference for understanding A/D conversions is the “Analog-Digital Conversion
Handbook”, Third Edition, published by Prentice Hall (ISBN 0-13-03-2848-0).

DS30686A-page 65-50

© 2013 Microchip Technology Inc.



Section 65. 12-Bit, High-Speed Pipeline A/D Converter

65.17 RELATED APPLICATION NOTES

This section lists application notes that are related to this section of the manual. These applica-
tion notes may not be written specifically for the PIC24F device family, 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 Pipeline A/D Converter are:

Title
Understanding A/D Converter Performance Specifications

Application Note #
ANG693

Note: Please visit the Microchip web site (www.microchip.com) for additional application
notes and code examples for the PIC24F family of devices.
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