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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

2.5 ICSP™ Pins

The PGECx and PGEDx pins are used for In-Circuit
Serial Programming™ (ICSP™) and debugging
purposes. It is recommended to keep the trace length
between the ICSP connector and the ICSP pins on the
device as short as possible. If the ICSP connector is
expected to experience an ESD event, a series resistor
is recommended, with the value in the range of a few
tens of Ohms, not to exceed 100 Ohms.

Pull-up resistors, series diodes, and capacitors on the
PGECx and PGEDXx pins are not recommended as they
will  interfere  with the programmer/debugger
communications to the device. If such discrete
components are an application requirement, they
should be removed from the circuit during program-
ming and debugging. Alternatively, refer to the AC/DC
characteristics and timing requirements information in
the respective device Flash programming specification
for information on capacitive loading limits and pin input
voltage high (ViH) and input low (VIL) requirements.

Ensure that the “Communication Channel Select”
(i.e., PGECX/PGEDXx pins) programmed into the device
matches the physical connections for the ICSP to
MPLAB® ICD 3 or MPLAB® REAL ICE™,

For more information on ICD 3 and REAL ICE
connection requirements, refer to the following
documents that are available on the Microchip web site.

- “Using MPLAB® ICD 3" (poster) DS51765
« “MPLAB® ICD 3 Design Advisory” DS51764

« “MPLAB® REAL ICE™ In-Circuit Debugger
User’s Guide” DS51616

« “Using MPLAB® REAL ICE™” (poster) DS51749

2.6 External Oscillator Pins

Many DSCs have options for at least two oscillators: a
high-frequency primary oscillator and a low-frequency
secondary oscillator (refer to Section 8.0 “Oscillator
Configuration” for details).

The oscillator circuit should be placed on the same
side of the board as the device. Also, place the
oscillator circuit close to the respective oscillator pins,
not exceeding one-half inch (12 mm) distance
between them. The load capacitors should be placed
next to the oscillator itself, on the same side of the
board. Use a grounded copper pour around the
oscillator circuit to isolate them from surrounding
circuits. The grounded copper pour should be routed
directly to the MCU ground. Do not run any signal
traces or power traces inside the ground pour. Also, if
using a two-sided board, avoid any traces on the
other side of the board where the crystal is placed. A
suggested layout is shown in Figure 2-3.

FIGURE 2-3: SUGGESTED PLACEMENT
OF THE OSCILLATOR

CIRCUIT

Main Oscillator

Guard Ring

Guard Trace

Secondary
Oscillator

2.7 Oscillator Value Conditions on
Device Start-up

If the PLL of the target device is enabled and
configured for the device start-up oscillator, the
maximum oscillator source frequency must be limited
to 4 MHz < FIN < 8 MHz to comply with device PLL
start-up conditions. This means that if the external
oscillator frequency is outside this range, the
application must start up in the FRC mode first. The
default PLL settings after a POR with an oscillator
frequency outside this range will violate the device
operating speed.

Once the device powers up, the application firmware
can initialize the PLL SFRs, CLKDIV, and PLLFBD to a
suitable value, and then perform a clock switch to the
Oscillator + PLL clock source. Note that clock switching
must be enabled in the device Configuration Word.

© 2008-2014 Microchip Technology Inc.
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

3.4

CPU Control Registers

REGISTER 3-1: SR: CPU STATUS REGISTER

R-0 R-0 R/C-0 R/C-0 R-0 R/C-0 R-0 R/W-0
OA oB sA® s® OAB SAB(4) DA DC
bit 15 bit 8
R/W-00) R/W-00) R/W-00) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2® IPL1@) IPLO® RA N oV z C
bit 7 bit 0
Legend: C = Clearable bhit
R = Readable bit W = Writable bit -n = Value at POR ‘1’ = Bitis set
0’ = Bit is cleared ‘X = Bit is unknown U = Unimplemented bit, read as ‘0’
bit 15 OA: Accumulator A Overflow Status bit
1 = Accumulator A has overflowed
0 = Accumulator A has not overflowed
bit 14 OB: Accumulator B Overflow Status bit
1 = Accumulator B has overflowed
0 = Accumulator B has not overflowed
bit 13 SA: Accumulator A Saturation ‘Sticky’ Status bit(®)
1 = Accumulator A is saturated or has been saturated at some time
0 = Accumulator A is not saturated
bit 12 SB: Accumulator B Saturation ‘Sticky’ Status bit(®)
1 = Accumulator B is saturated or has been saturated at some time
0 = Accumulator B is not saturated
bit 11 OAB: OA || OB Combined Accumulator Overflow Status bit
1 = Accumulator A or B has overflowed
0 = Neither Accumulator A or B has overflowed
bit 10 SAB: SA || SB Combined Accumulator ‘Sticky’ Status bit(14)
1 = Accumulator A or B is saturated or has been saturated at some time in the past
0 = Neither Accumulator A or B is saturated
bit 9 DA: DOLoop Active bit
1 = DOloop in progress
0 = DOloop not in progress
bit 8 DC: MCU ALU Half Carry/Borrow bit
1 = Acarry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred
0 = No carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized
data) of the result occurred
Note 1: This bit can be read or cleared (not set).
2:  The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level (IPL). The value in parentheses indicates the IPL if IPL<3> = 1. User interrupts are disabled when
IPL<3>=1.
3:  The IPL<2:0> Status bits are read-only when NSTDIS = 1 (INTCON1<15>).
4: Clearing this bit will clear SA and SB.
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

FIGURE 4-4: DATA MEMORY MAP FOR dsPIC33FJ06GS202 DEVICE WITH 1-KBYTE RAM
MSB LSB
Address 16 Bits Address
-
MSb LSb
” ' 0x0000 |
2-Kbyte 0x0001 . X
SER Space SFR Space
b L OXO7FF | OxO07FE
™ 0x0801 | 0x0800
X Data RAM (X) 8-Kbyte
1-Kbyte 0x09FF | OX09FE Near Data
0x0A01 | 0x0A00
SRAM Space Y Data RAM (Y) Space
L OxOBFF ! OxOBFE
0x0C01 | 0x0C00
|
Ox1FFF Ox1FFE
______ |[— — — — — -~ M
0x2001 | 0x2000
|
|
|
|
|
oxgoo1 | _ _ _ _ _ ] 0x8000
|
|
|
|
X Data
Optionally Unlmplen|1ented x)
Mapped
into Program |
Memory |
|
|
|
OXFFFF | OXFFFE
|
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TABLE 4-8: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33FJ16GS402/404 DEVICES ONLY

e | SPR| Bitas | Bitia | Bit13 | Bitl2 | Bitll | Bitl0 | Bito Bit8 Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 BItO [l
INTCON1| 0080 | NSTDIS | OVAERR | OVBERR |COVAERR|COVBERR| OVATE OVBTE COVTE [SFTACERR| DIVOERR — MATHERR |ADDRERR| STKERR | OSCFAIL — 0000
INTCON2| 0082 | ALTIVT DISI — — — — — — — — — — — INT2EP INT1EP INTOEP | 0000
IFSO 0084 — — ADIF ULTXIF U1RXIF SPIL1IF SPI1EIF T3IF T2IF OC2IF IC2IF — T1IF OCL1IF IC1IF INTOIF 0000
IFS1 0086 — — INT2IF — — — — — — — — INT1IF CNIF — MI2C1IF SI2C1IF | 0000
IFS3 008A — — — — — — PSEMIF — — — — — — — — — 0000
IFS4 008C — — — — — — — — — — — — — — U1EIF — 0000
IFS5 008E | PWM2IF | PWM1IF — — — — — — — — — — — — — — 0000
IFS6 0090 | ADCP1IF| ADCPOIF — — — — — — — — — — — — — PWMSIF | 0000
IFS7 0092 — — — — — — — — — — — — — — ADCP3IF | ADCP2IF | 0000
IECO 0094 — — ADIE ULITXIE U1RXIE SPILIE SPI1EIE T3IE T2IE OC2IE IC2IE — T1iIE OC1IE IClIE INTOIE 0000
IEC1 0096 — — INT2IE — — — — — — — — INT1IE CNIE — MI2C1IE SI2C1IE | 0000
IEC3 009A — — — — — — PSEMIE — — — — — — — — — 0000
IEC4 009C — — — — — — — — — — — — — — U1EIE — 0000
IEC5 009E | PWM2IE | PWMLIE — — — — — — — — — — — — — — 0000
IEC6 00AOQ |ADCP1IE| ADCPOIE — — — — — — — — — — — — — PWMSIE | 0000
IEC7 00A2 — — — — — — — — — — — — — — ADCP3IE | ADCP2IE | 0000
IPCO 00A4 — T1IP2 T1IP1 T1IPO — OC1IP2 OC1IP1 OC1IPO — IC1IP2 IC1IP1 IC1IPO — INTOIP2 INTOIP1 INTOIP2 | 4444
IPC1 00A6 — T2IP2 T2IP1 T2IPO — OocCz2iIP2 OC2IP1 OC2IPO — IC21P2 IC2IP1 IC21PO — — — — 4440
IPC2 00A8 — UIRXIP2 | UIRXIP1 | U1RXIPO — SPI1IP2 SPI1IP1 | SPI1IPO — SPI1EIP2 | SPI1EIP1 | SPI1EIPO — T3IP2 T3IP1 T3IPO 4444
IPC3 00AA — — — — — — — — — ADIP2 ADIP1 ADIPO — UITXIP2 | UITXIP1 | U1TXIPO | 0044
IPC4 00AC — CNIP2 CNIP1 CNIPO — — — — — MI2C1IP2 | MI2C1IP1 | MI2C1IPO — SI2C1IP2 | SI2C1IP1 | SI2C1IPO | 4044
IPC5 00AE — — — — — — — — — — — — — INT1IP2 INT1IP1 INT1IPO | 0004
IPC7 00B2 — — — — — — — — — INT2IP2 INT2IP1 INT2IPO — — — — 0040
IPC14 00CO — — — — — — — — — PSEMIP2 | PSEMIP1 | PSEMIPO — — — — 0040
IPC16 00C4 — — — — — — — — — U1EIP2 U1EIP1 U1EIPO — — — — 0040
IPC23 00D2 — PWM2IP2 | PWM2IP1 | PWM2IPO — PWM1IP2 | PWM1IP1 | PWM1IPO — — — — — — 4400
IPC24 00D4 — — — — — — — — — — — — — PWM3IP2 | PWM3IP1 | PWM3IPO | 0004
IPC27 O0ODA — ADCP1IP2| ADCP1IP1 | ADCP1IPO — ADCPOIP2 | ADCPOIP1 | ADCPOIPO — — — — — — 4400
IPC28 00DC — — — — — — — — — ADCP3IP2 | ADCP3IP1| ADCP3IPO — ADCP2IP2 | ADCP2IP1 | ADCP2IPO | 0044
INTTREG| OOEO — — — — ILR3 ILR2 ILR1 ILRO — VECNUM6 | VECNUMS5 [ VECNUM4 [ VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO | 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 7-5: IFSO: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)

bit 1 IC1IF: Input Capture Channel 1 Interrupt Flag Status bit

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

bit 0 INTOIF: External Interrupt 0 Flag Status bit

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

DS70000318G-page 106 © 2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 7-10: IFS6: INTERRUPT FLAG STATUS REGISTER 6

R/W-0 R/W-0 u-0 U-0 U-0 U-0 R/W-0 R/W-0
ADCP1IF ADCPOIF — — — — ACA4IF AC3IF

bit 15 bit 8
R/W-0 U-0 uU-0 U-0 uU-0 U-0 R/W-0 R/W-0
AC2IF — — — — — PWMA4IF PWMBSIF

bit 7 bit 0

Legend:

R = Readable hit 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 ADCPL1IF: ADC Pair 1 Conversion Done Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 14 ADCPOIF: ADC Pair 0 Conversion Done Interrupt Flag Status bit

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

bit 13-10 Unimplemented: Read as ‘0’

bit 9 ACA4IF: Analog Comparator 4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 8 ACS3IF: Analog Comparator 3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 7 AC2IF: Analog Comparator 2 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 6-2 Unimplemented: Read as ‘0’

bit 1 PWMA4IF: PWM4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit O PWM3IF: PWM3 Interrupt Flag Status bit

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

DS70000318G-page 110 © 2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

8.1 CPU Clocking System

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices provide six system clock options:

* Fast RC (FRC) Oscillator

* FRC Oscillator with PLL

e Primary (XT, HS or EC) Oscillator
* Primary Oscillator with PLL

* Low-Power RC (LPRC) Oscillator
* FRC Oscillator with Postscaler

8.1.1 SYSTEM CLOCK SOURCES

The Fast RC (FRC) internal oscillator runs at a nominal
frequency of 7.37 MHz. User software can tune the
FRC frequency. User software can optionally specify a
factor (ranging from 1:2 to 1:256) by which the FRC
clock frequency is divided. This factor is selected using
the FRCDIV<2:0> (CLKDIV<10:8>) bits.

The primary oscillator can use one of the following as
its clock source:

e XT (Crystal): Crystals and ceramic resonators in
the range of 3 MHz to 10 MHz. The crystal is
connected to the OSC1 and OSC2 pins.

* HS (High-Speed Crystal): Crystals in the range of
10 MHz to 40 MHz. The crystal is connected to
the OSC1 and OSC2 pins.

« EC (External Clock): The external clock signal is
directly applied to the OSC1 pin.

The LPRC internal osclllator runs at a nominal
frequency of 32.768 kHz. It is also used as a reference
clock by the Watchdog Timer (WDT) and Fail-Safe
Clock Monitor (FSCM).

The clock signals generated by the FRC and primary
oscillators can be optionally applied to an on-chip
Phase-Locked Loop (PLL) to provide a wide range of

output frequencies for device operation. PLL
configuration is described in Section 8.1.3 “PLL
Configuration”.

The FRC frequency depends on the FRC accuracy
(see Table 24-20) and the value of the FRC Oscillator
Tuning register (see Register 8-4).

8.1.2 SYSTEM CLOCK SELECTION

The oscillator source used at a device Power-on
Reset event is selected using Configuration bit
settings. The Oscillator Configuration bit settings are
located in the Configuration registers in the program
memory. (Refer to Section 21.1 “Configuration Bits”
for further details.) The Initial Oscillator Selection Con-
figuration bits, FNOSC<2:0> (FOSCSEL<2:0>), and the
Primary Oscillator Mode Select Configuration bits,
POSCMD<1:0> (FOSC<1:0>), select the oscillator
source that is used at a Power-on Reset. The FRC
primary oscillator is the default (unprogrammed)
selection.

The Configuration bits allow users to choose among
12 different clock modes, shown in Table 8-1.

The output of the oscillator (or the output of the PLL if
a PLL mode has been selected), Fosc, is divided by 2
to generate the device instruction clock (Fcy) and the
peripheral clock time base (FP). Fcy defines the
operating speed of the device and speeds up to
40 MHz are supported by the dsPIC33FJO06GS101/
X02 and dsPIC33FJ16GSX02/X04 architecture.

Instruction execution speed or device operating
frequency, Fcy, is given by Equation 8-1.

EQUATION 8-1: DEVICE OPERATING
FREQUENCY

Fcy = Fosc/2

TABLE 8-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION
Oscillator Mode Oscillator Source | POSCMD<1:0> | FNOSC<2:0> | See Notes

Fast RC Oscillator with Divide-by-N (FRCDIVN) Internal XX 111 1,2
Fast RC Oscillator with Divide-by-16 (FRCDIV16) Internal XX 110 1
Low-Power RC Oscillator (LPRC) Internal XX 101 1
Reserved Reserved XX 100 —
Primary Oscillator (HS) with PLL (HSPLL) Primary 10 011 —
Primary Oscillator (XT) with PLL (XTPLL) Primary 01 011 —
Primary Oscillator (EC) with PLL (ECPLL) Primary 00 011 1
Primary Oscillator (HS) Primary 10 010 —
Primary Oscillator (XT) Primary 01 010 —
Primary Oscillator (EC) Primary 00 010 1
Fast RC Oscillator with PLL (FRCPLL) Internal XX oo1 1
Fast RC Oscillator (FRC) Internal XX 000 1

Note 1:

OSC2 pin function is determined by the OSCIOFNC Configuration bit.

2. This is the default oscillator mode for an unprogrammed (erased) device.

DS70000318G-page 136
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 8-3: PLLFBD: PLL FEEDBACK DIVISOR REGISTER®

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

— — — — — — — PLLDIV<8>
bit 15 bit 8

R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
PLLDIV<7:0>

bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15-9
bit 8-0

Unimplemented: Read as ‘0’

111111111 =513

000110000 = 50 (default)

000000010 =4
000000001 =3
000000000 =2

Note 1: This register is reset only on a Power-on Reset (POR).

PLLDIV<8:0>: PLL Feedback Divisor hits (also denoted as ‘M’, PLL multiplier)

DS70000318G-page 142
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

FIGURE 15-1: SIMPLIFIED CONCEPTUAL BLOCK DIAGRAM OF HIGH-SPEED PWM
N
[—>] PWMCONX | Pin and Mode Control
X ontrol for Blanking External Input Signals
] LEBCON | c | for Blanking E I Signal
— TRGCONX | ADC Trigger Control
<_’| ALTDTRX, DTRX | Dead-Time Control
—> PTCON | PWM Enable and Mode Control
< ;I MDC
Master Duty Cycle Register
P PWM GEN 1
< v
’ Channel 1 > —|Z PWM1H
»| Dead-Time Generator N |X| PWMIL
-
' .Q
D
o
-
PWM GEN 2 ki v
< 3 [ " Channel 2 > —<] PWM2H
N o E Dead-Time Generator . <] PWM2L
g
[} o
i) D
= o
g —
6 e
E &
& 8
'_
J & =
> = d
< PWM GEN 3 £ o
« ‘é , . E
o £ Channel 3 e —X] PWM3H
3 —»|Dead-Time Generator , <] PWM3L
3
1%
o)
=
=
o
PWM GEN 4
> v
1 Channel 4 q —< PWMaH®D
> »| Dead-Time Generator N |X| PWMAL®
A A
Timer Period 1
|
—|Z (1)
<—>{ PTPER ‘ Master Time Base FLTX
‘ A
‘ PTMR I External Time Base <] synco®
T | Synchronization <] syncix®
Comparator .| Special Event Special Event
Postscaler Trigger
Special Event
¢ 'l SEVTCMP | Comparison Value
4_,| JOCONX | Pin Override Control
I
FCLCONX 1 Fault Mode and Pin Control
< > I

~N

Note 1: These pins are remappable.
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 15-2: PTCON2: PWM CLOCK DIVIDER SELECT REGISTER

U-0 U-0 U-0 U-0 U-0 u-0 U-0 U-0
bit 15 bit 8
U-0 U-0 u-0 U-0 U-0 R/W-0 R/W-0 R/W-0
- - - - - PCLKDIV<2:0>(})
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-3 Unimplemented: Read as ‘0’
bit 2-0 PCLKDIV<2:0>: PWM Input Clock Prescaler (Divider) Select bits()

111 = Reserved

110 = Divide-by-64, maximum PWM timing resolution

101 = Divide-by-32, maximum PWM timing resolution

100 = Divide-by-16, maximum PWM timing resolution

011 = Divide-by-8, maximum PWM timing resolution

010 = Divide-by-4, maximum PWM timing resolution

001 = Divide-by-2, maximum PWM timing resolution

000 = Divide-by-1, maximum PWM timing resolution (power-on default)

Note 1. These bits should be changed only when PTEN = 0. Changing the clock selection during operation will
yield unpredictable results.

REGISTER 15-3: PTPER: PWM MASTER TIME BASE REGISTER®

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
PTPER <15:8>
bit 15 bit 8
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0
PTPER <7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-0 PTPER<15:0>: PWM Master Time Base (PMTMR) Period Value bits

Note 1. The minimum value that can be loaded into the PTPER register is 0x0010 and the maximum value is
OxFFF8.

© 2008-2014 Microchip Technology Inc. DS70000318G-page 203



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 16-1: SPIXSTAT: SPIx STATUS AND CONTROL REGISTER

R/W-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0
SPIEN — SPISIDL — — — — —
bit 15 bit 8
uU-0 R/C-0 uU-0 uU-0 uU-0 uU-0 R-0 R-0
— SPIROV — — — — SPITBF SPIRBF
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 SPIEN: SPIx Enable bit
1 = Enables module and configures SCKx, SDOx, SDIx and SSx as serial port pins
0 = Disables module
bit 14 Unimplemented: Read as ‘0’
bit 13 SPISIDL: SPIx Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 SPIROV: SPIx Receive Overflow Flag bit
1= A new byte/word is completely received and discarded. The user software has not read the
previous data in the SPIXBUF register.
0 = No overflow has occurred
bit 5-2 Unimplemented: Read as ‘0’
bit 1 SPITBF: SPIx Transmit Buffer Full Status bit
1 = Transmit not yet started, SPIXTXB is full
0 = Transmit started, SPIXTXB is empty. Automatically set in hardware when CPU writes the SPIXBUF
location, loading SPIXTXB. Automatically cleared in hardware when the SPIx module transfers
data from SPIXTXB to SPIXSR.
bit 0 SPIRBF: SPIx Receive Buffer Full Status bit

1 = Receive complete, SPIXRXB is full

0 = Receive is not complete, SPIXRXB is empty. Automatically set in hardware when SPIx transfers
data from SPIXSR to SPIXRXB. Automatically cleared in hardware when core reads the SPIXBUF
location, reading SPIXRXB.

DS70000318G-page 220 © 2008-2014 Microchip Technology Inc.




dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

REGISTER 16-2: SPIXCONL1: SPIx CONTROL REGISTER 1

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

— — — DISSCK DISSDO MODE16 SMP cKe®
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
SSEN®) CKP MSTEN SPRE2®) | SPRE1®@ SPREO® PPRE1® | PPRE0O®@

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-13 Unimplemented: Read as ‘0’
bit 12 DISSCK: Disable SCKx Pin bit (SPI Master modes only)

1 = Internal SPI clock is disabled; pin functions as 1/10
0 = Internal SPI clock is enabled
bit 11 DISSDO: Disable SDOx Pin bit
1 = SDOXx pin is not used by module; pin functions as /O
0 = SDOXx pin is controlled by the module
bit 10 MODE16: Word/Byte Communication Select bit
1 = Communication is word-wide (16 bits)
0 = Communication is byte-wide (8 bits)
bit 9 SMP: SPIx Data Input Sample Phase bit

Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

Slave mode:
SMP must be cleared when SPIx is used in Slave mode.
bit 8 CKE: SPIx Clock Edge Select bit®
1 = Serial output data changes on transition from active clock state to Idle clock state (see bit 6)
0 = Serial output data changes on transition from Idle clock state to active clock state (see bit 6)
bit 7 SSEN: Slave Select Enable bit (Slave mode)®)
1 = SSx pin is used for Slave mode
0 = SSx pin is not used by module; pin controlled by port function
bit 6 CKP: Clock Polarity Select bit
1 = Idle state for clock is a high level; active state is a low level
0 = Idle state for clock is a low level; active state is a high level
bit 5 MSTEN: Master Mode Enable bit

1 = Master mode
0 = Slave mode

Note 1: The CKE bitis not used in the Framed SPI modes. Program this bit to ‘0’ for the Framed SPI modes
(FRMEN = 1).
2: Do not set both primary and secondary prescalers to a value of 1:1.
3:  This bit must be cleared when FRMEN = 1.
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FIGURE 19-4: ADC BLOCK DIAGRAM FOR dsPIC33FJ16GS402/404 DEVICES WITH ONE SAR
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FIGURE 19-6: ADC BLOCK DIAGRAM FOR dsPIC33FJ16GS504 DEVICES WITH TWO SARS

Even Numbered Inputs with Dedicated
Sample-and-Hold (S&H) Circuits
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Note 1: AN12 (EXTREF) is an internal analog input. To measure the voltage at AN12 (EXTREF), an analog comparator must be enabled
and EXTREF must be selected as the comparator reference.
2:  AN13 (INTREF) is an internal analog input and is not available on a pin.
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REGISTER 19-2:

ADSTAT: ANALOG-TO-DIGITAL STATUS REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 R/C-0, HS R/C-0, HS R/C-0, HS R/C-0, HS R/C-0, HS R/C-0, HS R/C-0, HS
— P6RDY P5RDY P4RDY P3RDY P2RDY P1RDY PORDY
bit 7 bit 0
Legend: C = Clearable bit HS = Hardware Settable bit

‘0’ = Bit is cleared

X = Bit is unknown

bit 15-7
bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’
P6RDY: Conversion Data for Pair 6 Ready bit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

P5RDY: Conversion Data for Pair 5 Ready hit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

P4RDY: Conversion Data for Pair 4 Ready bit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

P3RDY: Conversion Data for Pair 3 Ready hit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

P2RDY: Conversion Data for Pair 2 Ready bit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

P1RDY: Conversion Data for Pair 1 Ready hit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

PORDY: Conversion Data for Pair 0 Ready bit

Bit is set when data is ready in buffer, cleared when a ‘0’ is written to this bit.

© 2008-2014 Microchip Technology Inc.

DS70000318G-page 249



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04

FIGURE 24-8: OCx/PWMx MODULE TIMING CHARACTERISTICS

OCx ! Active >< ' Tri-State

TABLE 24-28: SIMPLE OCx/PWMx MODE TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)

Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TAa < +125°C for Extended

AC CHARACTERISTICS

Pilr:m Symbol Characteristic(?) Min Typ Max Units Conditions
0C15 TFD Fault Input to PWMx 1/O — — Tcy + 20 ns
Change
0C20 TFLT Fault Input Pulse Width Tcy + 20 — — ns

Note 1. These parameters are characterized but not tested in manufacturing.
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FIGURE 24-17: SPIx SLAVE MODE (FULL-DUPLEX CKE =0, CKP =1, SMP =0) TIMING
CHARACTERISTICS
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Note: Refer to Figure 24-1 for load conditions.
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26.0 50 MIPS ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04 electrical characteristics
for devices operating at 50 MIPS.

The specifications for 50 MIPS are identical to those shown in Section 24.0 “Electrical Characteristics”, with the
exception of the parameters listed in this section.

Parameters in this section begin with the letter “M”, which denotes 50 MIPS operation. For example, Parameter DC29a
in Section 24.0 “Electrical Characteristics”, is the up to 40 MIPS operation equivalent of MDC29a.

Absolute maximum ratings for the dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04 50 MIPS devices are listed
below. Exposure to these maximum rating conditions for extended periods can affect device reliability. Functional
operation of the device at these or any other conditions above the parameters indicated in the operation listings of this
specification is not implied.

Absolute Maximum Ratings®

Ambient teMPErature UNAET DIAS...........iiiiiiiiiie it e e e e et re e e e e saabb e e e e e s sstbaae e e snreeaaes s -40°C to +85°C
i le] = To =R (=T n ] 1= = LN £ T PPPPPPPRPT -65°C to +150°C
Voltage 0N VDD With FESPECE 10 VSS ...uiiiiiiiiiiiiie ettt s e e s e e e e e e s s et e e e s nrbereeeeesnnes -0.3V to +4.0V
Voltage on any pin that is not 5V tolerant, with respect to VSSG) e -0.3V to (VDD + 0.3V)
Voltage on any 5V tolerant pin with respect to Vss, when Vdd > B.OVE) e -0.3V to +5.6V
Voltage on any 5V tolerant pin with respect to Vss, when VDD < 3.0V e, -0.3V to (VDD + 0.3V)

Maximum CUITENE QUL OF V/SS PN w.iieiiiiiiiii ettt e e e e sttt e e e s et e e e s e et et e e e e s e ata e e e e e s ssbeeeeessansbeeaeesannnnees
Maximum CUITENT N0 VDD PING) ...ttt e et e e e st enee s e e eee e een e,
Maximum current sourced/sunk by any 4X 1/O PiN........ooiueiiei o e e e e e e e e
Maximum current sourced/sunk by any 8x 1/O pin..........

Maximum current sourced/sunk by any 16x I/O pin
Maximum current SUNK DY @Il POITS ... ..eeiiiiiee ettt e e ettt e e e e e e et e e e e e s abe e e e enntbee e e e annneeeas
Maximum current sourced by all ports®

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device at those or any other conditions
above those indicated in the operation listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods may affect device reliability.

Maximum allowable current is a function of device maximum power dissipation (see Table 24-2).

See the “Pin Diagrams” section for 5V tolerant pins.
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TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section Name

Update Description

Section 23.0 “Electrical
Characteristics”

Updated Typ values for Thermal Packaging Characteristics (Table 23-3).

Removed Typ value for DC Temperature and Voltage Specifications
Parameter DC12 (Table 23-4).

Updated all Typ values and conditions for DC Characteristics: Operating
Current (IDD), updated last sentence in Note 2 (Table 23-5).

Updated all Typ values for DC Characteristics: Idle Current (IIDLE) (see
Table 23-6).

Updated all Typ values for DC Characteristics: Power Down Current (IPD)
(see Table 23-7).

Updated all Typ values for DC Characteristics: Doze Current (IDOZE) (see
Table 23-8).

Added Note 4 (reference to new table containing digital-only and analog pin
information, as well as Current Sink/Source capabilities) in the I/O Pin Input
Specifications (Table 23-9).

Updated Max value for BOR electrical characteristics Parameter BO10 (see
Table 23-11).

Swapped Min and Typ values for Program Memory Parameters D136 and
D137 (Table 23-12).

Updated Typ values for Internal RC Accuracy Parameter F20 and added
Extended temperature range to table heading (see Table 23-19).

Removed all values for Reset, Watchdog Timer, Oscillator Start-up Timer,
and Power-up Timer Parameter SY20 and updated conditions, which now
refers to Section 20.4 “Watchdog Timer (WDT)” and LPRC Parameter
F21a (see Table 23-22).

Added specifications to High-Speed PWM Module Timing Requirements for
Tap Delay (Table 23-29).

Updated Min and Max values for 10-bit High-Speed Analog-to-Digital
Module Parameters ADO1 and AD11 (see Table 23-36).

Updated Max value and unit of measure for DAC AC Specification (see
Table 23-40).
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NOTES:
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