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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"
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FLASH
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3V ~ 3.6V

A/D 10x12b

Internal
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dsPIC33FJ12GP201/202

dsPIC33FJ12GP201/202 Product Families

The device names, pin counts, memory sizes, and
peripheral availability of each family are listed below,
followed by their pinout diagrams.

TABLE 1: dsPIC33FJ12GP201/202 CONTROLLER FAMILIES
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dsPIC33FJ12GP201 | 18 | 12 1 8 (3D ] 4 2 1 13| 1 |[1ADC, | 1 |13 | PDIP
6 ch SOIC
dsPIC33FJ12GP202 | 28 12 1 16 | 3@ 4 2 1 3 1 1ADC, | 1 21 | SPDIP
10 ch SOIC
SSOP
QFN

Note 1: Only two out of three timers are remappable.
2. Only two out of three interrupts are remappable.
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Pin Diagrams

18-PIN PDIP, SOIC

PGED2/ANO/VREF+/CN2/RA0 []
PGEC2/AN1/VREF-/CN3/RA1T []
PGED1/AN2/RPOW/CN4/RBO []
PGEC1/AN3/RP1(1)/CN5/RB1 [
OSC1/CLKI/CN30/RA2 []
OSC2/CLKO/CN29/RA3 [
PGED3/SOSCI/RP41/CN1/RB4 []
PGEC3/SOSCO/T1CK/CNO/RA4 [

2
3
4
5
6
7
8
9

28-PIN SPDIP, SOIC, SSOP

MCLR
PGED2/ANO/VREF+/CN2/RAO [

PGEC2/AN1/VREF-/CN3/RA1 [
PGED1/AN2/RPOM/CN4/RBO [

AN4/RP2W/CN6/RB2 [
ANS5/RP3W/CN7/RB3 []

Vss [|

OSC1/CLKI/CN30/RA2 [
OSC2/CLKO/CN29/RA3 [
PGED3/SOSC/RP4(/CN1/RB4 [
PGEC3/SOSCO/T1CK/CNO/RA4 [

VoD []
ASDA1/RP5D/CN27/RB5

peripherals.

2
3
4
PGEC1/AN3/RP1M/CN5/RB1 [[5
6
7
8
9

T0ZdOZTIr4EEDIdSP

202d9OZTIr4EEDIdSP

W = Pins are up to 5V tolerant

MCLR mj VoD

17 ] Vss
16[_] AN6/RP15M/CN11/RB15

15[ ] AN7/RP14D/CN12/RB14
14[_] Vcap
131 Vss

28
27
26
25
24
23
22
21
20

SDA1/RPOMW/CN21/RBY
SCL1/RP8W/CN22/RB8
INTO/RP7M/CN23/RB7

M = Pins are up to 5V tolerant

] AvbD

[ ] AVss
] AN6/RP150/CN11/RB15

] AN7/RP14D/CN12/RB14
] AN8/RP13(D/CN13/RB13
1 AN9/RP12(D/CN14/RB12

TMS/RP111/CN15/RB11
: TDI/RP10M/CN16/RB10

[ ] Vcap
1 Vss

TDO/SDA1/RP9/CN21/RB9
TCK/SCL1/RP8(M/CN22/RB8
INTO/RP7(D/CN23/RB7
ASCL1/RP6(M/CN24/RB6

Note 1: The RPn pins can be used by any remappable peripheral. See Table 1 for the list of available

DS70264E-page 6

© 2007-2011 Microchip Technology Inc.




dsPIC33FJ12GP201/202

3.6.24 Data Space Write Saturation

In addition to adder/subtracter saturation, writes to data
space can also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15
fractional value from the round logic block as its input,
together with overflow status from the original source
(accumulator) and the 16-bit round adder. These inputs
are combined and used to select the appropriate 1.15
fractional value as output to write to data space
memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly:

* For input data greater than 0x007FFF, data writ-
ten to memory is forced to the maximum positive
1.15 value, OX7FFF

« Forinput data less than OxFF8000, data written to
memory is forced to the maximum negative 1.15
value, 0x8000

The MSb of the source (bit 39) is used to determine the
sign of the operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

3.6.3 BARREL SHIFTER

The barrel shifter can perform up to 16-bit arithmetic or
logic right shifts, or up to 16-bit left shifts in a single
cycle. The source can be either of the two DSP
accumulators or the X bus (to support multi-bit shifts of
register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value shifts the operand right.
A negative value shifts the operand left. A value of ‘0’
does not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is
presented to the barrel shifter between bit positions 16
and 31 for right shifts, and between bit positions 0 and
16 for left shifts.

© 2007-2011 Microchip Technology Inc.
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NOTES:
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TABLE 4-16: PORTA REGISTER MAP
File Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsléletS
TRISA 02C0 — — — — — — — — — — — TRISA4 TRISA3 TRISA2 TRISA1 TRISAQ 001F
PORTA 02C2 — — — — — — — — — — — RA4 RA3 RA2 RA1 RAO XXXX
LATA 02C4 — — — — — — — — — — — LATA4 LATA3 LATA2 LATA1 LATAO XXXX
ODCA 02C6 — — — — — — — — — — — ODCA4 ODCA3 ODCA2 ODCA1 ODCAO0 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-17: PORTB REGISTER MAP FOR dsPIC33FJ12GP202
File Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Réo'\slelzts
TRISB 02C8 | TRISB15 | TRISB14 | TRISB13 | TRISB12 | TRISB11 | TRISB10 | TRISB9 | TRISB8 | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO FFFF
PORTB 02CA RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX
LATB 02CC LATB15 | LATB14 | LATB13 | LATB12 LATB11 LATB10 LATB9 LATB8 LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXX
ODCB 02CE ODCB15 | ODCB14 | ODCB13 | ODCB12 | ODCB11 | ODCB10 | ODCB9 ODCB8 ODCB7 ODCB6 ODCB5 ODCB4 ODCB3 0ODCB2 ODCB1 ODCBO 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-18: PORTB REGISTER MAP FOR dsPIC33FJ12GP201
File Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAslelzts
TRISB 02C8 | TRISB15 | TRISB14 — — — — TRISBY | TRISB8 | TRISB7 — — TRISB4 — — TRISB1 | TRISBO | €393
PORTB 02CA | RB15 RB14 — — — — RB9 RB8 RB7 — — RB4 — — RB1 RBO XXXX
LATB 02CC | LATB15 | LATB14 — = — — LATB9 | LATB8 | LATB7 — — LATB4 — — LATB1 | LATBO XXXX
obcB 02CE | ODCB15 | ODCB14 — — — — ODCB9 | ODCB8 | ODbCB7 — — OoDCB4 — — ODCB1 | ODCBO 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-19: SYSTEM CONTROL REGISTER MAP
File Name| Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Regléts
RCON 0740 TRAPR | IOPUWR — — — — CM VREGS EXTR SWR SWDTEN| WDTO SLEEP IDLE BOR POR xxxx®
OSCCON | 0742 — COSC<2:0> — NOSC<2:0> CLKLOCK | IOLOCK | LOCK — CF — LPOSCEN | OSWEN | 0300@
CLKDIV 0744 ROI DOZE<2:0> DOZEN FRCDIV<2:0> PLLPOST<1:0> — PLLPRE<4:0> 3040
PLLFBD 0746 — — — — — — — PLLDIV<8:0> 0030
OSCTUN | o748 | — = = = = = = = — =1 TUN<5:0> 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: RCON register Reset values dependent on the type of Reset.

2:

OSCCON register Reset values dependent on the FOSC Configuration bits and by the type of Reset.

c02/T0CdOICTIr4EEDIdSP



dsPIC33FJ12GP201/202

4.6.3 READING DATA FROM PROGRAM
MEMORY USING PROGRAM SPACE
VISIBILITY

The upper 32 Kbytes of data space may optionally be
mapped into any 16K word page of the program space.
This option provides transparent access to stored con-
stant data from the data space without the need to use
special instructions (such as TBLRDL or TBLRDH).

Program space access through the data space occurs
if the MSb of the data space EA is ‘1’ and program
space visibility is enabled by setting the PSV bit in the
Core Control register (CORCON<2>). The location of
the program memory space to be mapped into the data
space is determined by the Program Space Visibility
Page register (PSVPAG). This 8-bit register defines
any one of 256 possible pages of 16K words in
program space. In effect, PSVPAG functions as the
upper 8 bits of the program memory address, with the
15 bits of the EA functioning as the lower bits. By
incrementing the PC by 2 for each program memory
word, the lower 15 bits of data space addresses directly
map to the lower 15 bits in the corresponding program
space addresses.

Data reads to this area add a cycle to the instruction
being executed, since two program memory fetches
are required.

Although each data space address 0x8000 and higher
maps directly into a corresponding program memory
address (see Figure 4-9), only the lower 16 bits of the

FIGURE 4-9:

24-bit program word are used to contain the data. The
upper 8 bits of any program space location used as
data should be programmed with ‘1111 1111’ or
‘0000 0000’ to force a NOP. This prevents possible
issues should the area of code ever be accidentally
executed.

Note:  PSV access is temporarily disabled during
table reads/writes.

For operations that use PSV and are executed outside
a REPEAT loop, the MOV and MOV.D instructions
require one instruction cycle in addition to the specified
execution time. All other instructions require two
instruction cycles in addition to the specified execution
time.

For operations that use PSV, and are executed inside
a REPEAT loop, these instances require two instruction
cycles in addition to the specified execution time of the
instruction:

« Execution in the first iteration
« Execution in the last iteration

« Execution prior to exiting the loop due to an
interrupt

» Execution upon re-entering the loop after an
interrupt is serviced

Any other iteration of the REPEAT loop will allow the
instruction using PSV to access data to execute in a
single cycle.

PROGRAM SPACE VISIBILITY OPERATION

When CORCON<2> =1 and EA<15> = 1:

Program Space
PSVPAG 23 15

.5

o

0x000000

0x010000

The data in the page
designated by
PSVPAG is mapped
into the upper half of
the data memory
space...

0x800000

0x01 sooo}j

Data Space

0x0000 Data EA<14:0>

— 0x8000

kL< PSV Area

<%

...while the lower 15 bits
of the EA specify an
exact address within
NG OxFFFF the PSV area. This
corresponds exactly to
the same lower 15 bits
of the actual program
space address.

© 2007-2011 Microchip Technology Inc.

DS70264E-page 53



dsPIC33FJ12GP201/202

NOTES:
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50 FLASH PROGRAM MEMORY

Note 1: This data sheet summarizes the features
of the dsPIC33FJ12GP201/202 family of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to Section 5. “Flash Pro-
gramming” (DS70191) of  the
“dsPIC33F/PIC24H Family Reference
Manual”, which is available from the
Microchip website (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

The dsPIC33FJ12GP201/202 devices contain internal
Flash program memory for storing and executing appli-
cation code. The memory is readable, writable, and
erasable during normal operation over the entire VDD
range.

Flash memory can be programmed in two ways:

* In-Circuit Serial Programming™ (ICSP™)
programming capability
* Run-Time Self-Programming (RTSP)

ICSP allows a dsPIC33FJ12GP201/202 device to be
serially programmed while in the end application circuit.
This is done with two lines for programming clock and
programming data (one of the alternate programming
pin pairs: PGECx/PGEDXx), and three other lines for
power (VDD), ground (Vss) and Master Clear (MCLR).
This allows users to manufacture boards with

unprogrammed devices and then program the digital
signal controller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

RTSP is accomplished using TBLRD (table read) and
TBLWT (table write) instructions. With RTSP, the user
application can write program memory data either in
blocks or ‘rows’ of 64 instructions (192 bytes) or a sin-
gle program memory word, and erase program mem-
ory in blocks or ‘pages’ of 512 instructions (1536
bytes).

51 Table Instructions and Flash

Programming

Regardless of the method used, all programming of
Flash memory is done with the table-read and table-
write instructions. These allow direct read and write
access to the program memory space from the data
memory while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using bits <7:0> of the TBLPAG register and the
Effective Address (EA) from a W register specified in
the table instruction, as shown in Figure 5-1.

The TBLRDL and the TBLWTL instructions are used to
read or write to bits <15:0> of program memory.
TBLRDL and TBLWTL can access program memory in
both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read
or write to bits <23:16> of program memory. TBLRDH
and TBLWTH can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS
b 24 bits L
Usi VT ™
sing
Program Counter [ 0] Program Counter [0]
[ : (I
| | ||
| | |
[ | [
| | | Working Reg EA | |
Using [
Table Instruction 1/0 TBLPAG Reg — ||
| | 8bis T 16 bits ||
(A A )
User/Confi ti | | !
ser/Configuration Byte
Space Select | 24-bit EA | Select
Lo o

© 2007-2011 Microchip Technology Inc.

DS70264E-page 55


http://www.microchip.com
http://www.microchip.com

dsPIC33FJ12GP201/202

TABLE 10-2: OUTPUT SELECTION FOR REMAPPABLE PIN (RPn)
Function RPNnR<4:0> Output Name

NULL 00000 RPn tied to default port pin

U1TXx 00011 RPn tied to UART1 Transmit

U1RTS 00100 RPn tied to UART1 Ready To Send
SDO1 00111 RPn tied to SPI1 Data Output
SCK10UT 01000 RPn tied to SPI1 Clock Output
SS10UT 01001 RPn tied to SPI1 Slave Select Output
ocC1 10010 RPn tied to Output Compare 1

0C2 10011 RPn tied to Output Compare 2
10.4.3 CONTROLLING CONFIGURATION with a single unlock sequence followed by an update to

CHANGES

Because peripheral remapping can be changed during
run time, some restrictions on peripheral remapping
are needed to prevent accidental configuration
changes. dsPIC33FJ12GP201/202 devices include
three features to prevent alterations to the peripheral
map:

» Control register lock sequence
» Continuous state monitoring
» Configuration bit pin select lock

10.4.3.1

Under normal operation, writes to the RPINRx and
RPORX registers are not allowed. Attempted writes
appear to execute normally, but the contents of the
registers remain unchanged. To change these
registers, they must be unlocked in hardware. The
register lock is controlled by the IOLOCK bit
(OSCCON<6>). Setting the IOLOCK bit prevents
writes to the control registers; clearing the IOLOCK bit
allows writes.

Control Register Lock

To set or clear the IOLOCK bit, a specific command
sequence must be executed:

1.  Write 0x46 to OSCCON<7:0>.

2. Write 0x57 to OSCCON<7:0>.

3. Clear (or set) the IOLOCK bit as a single
operation.

Note: MPLAB® €30 provides built-in  C
language functions for unlocking the
OSCCON register:

__builtin_write_OSCCONL(value)
__builtin_write_OSCCONH(value)

See the MPLAB IDE help files for more
information.

all control registers, then locked with a second lock
sequence.

10.4.3.2

In addition to being protected from direct writes, the
contents of the RPINRx and RPORXx registers are
constantly monitored in hardware by shadow registers.
If an unexpected change in any of the registers occurs
(such as cell disturbances caused by ESD or other
external events), a configuration mismatch Reset will
be triggered.

Continuous State Monitoring

10.4.3.3

As an additional level of safety, the device can be con-
figured to prevent more than one write session to the
RPINRx and RPORx registers. The IOL1WAY
(FOSC<5>) configuration bit blocks the IOLOCK bit
from being cleared after it has been set once.

In the default (unprogrammed) state, the IOL1WAY bit
is set, restricting users to one write session. Program-
ming IOL1WAY allows user applications unlimited
access (with the proper use of the unlock sequence) to
the peripheral pin select registers.

Configuration Bit Pin Select Lock

10.5 Peripheral Pin Select Registers
The dsPIC33FJ12GP201/202 devices implement 17
registers for remappable peripheral configuration:

» Input Remappable Peripheral Registers (9)
» Output Remappable Peripheral Registers (8)

Note: Input and Output register values can only
be changed if the IOLOCK bit
(OSCCON<6>) = 0. See Section 10.4.3.1
“Control Register Lock” for a specific
command sequence.

Unlike the similar sequence with the oscillator's LOCK
bit, IOLOCK remains in one state until changed. This
allows all of the peripheral pin selects to be configured

© 2007-2011 Microchip Technology Inc.
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14.2 Output Compare Register

REGISTER 14-1:

OCxCON: OUTPUT COMPARE x CONTROL REGISTER

uU-0 uU-0 R/W-0 u-0 uU-0 uU-0 u-0 u-0
— — OCSIDL — — — — —
bit 15 bit 8
uU-0 u-0 u-0 R-0 HC R/W-0 R/W-0 R/W-0 R/W-0
— — — OCFLT OCTSEL OCM<2:0>
bit 7 bit 0
Legend: HC = Cleared in Hardware HS = Set in Hardware
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13 OCSIDL: Stop Output Compare in Idle Mode Control bit
1 = Output Compare x will halt in CPU Idle mode
0 = Output Compare x will continue to operate in CPU Idle mode
bit 12-5 Unimplemented: Read as ‘0’
bit 4 OCFLT: PWM Fault Condition Status bit
1 = PWM Fault condition has occurred (cleared in hardware only)
0 = No PWM Fault condition has occurred
(This bit is only used when OCM<2:0> = 111.)
bit 3 OCTSEL: Output Compare Timer Select bit
1 = Timer3 is the clock source for Compare x
0 = Timer2 is the clock source for Compare x
bit 2-0 OCM<2:0>: Output Compare Mode Select bits

111 = PWM mode on OCx, Fault pin enabled
110 = PWM mode on OCx, Fault pin disabled

101 = Initialize OCx pin low, generate continuous output pulses on OCx pin

100 = Initialize OCx pin low, generate single output pulse on OCx pin

011 = Compare event toggles OCx pin

010 = Initialize OCx pin high, compare event forces OCx pin low
001 = Initialize OCx pin low, compare event forces OCx pin high
000 = Output compare channel is disabled

© 2007-2011 Microchip Technology Inc.
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REGISTER 18-6: AD1CSSL: ADC1 INPUT SCAN SELECT REGISTER Low(®-2)

U-0 U-0 u-0 U-0 U-0 U-0 R/W-0 R/W-0
— — — — — — CSS9 CSS8
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
CSS7 CSS6 CSS5 CSSs4 CSS3 CSS2 CSS1 CSSO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-10 Unimplemented: Read as ‘0’
bit 9-0 CSS<9:0>: ADC Input Scan Selection bits

1 = Select ANx for input scan
0 = Skip ANXx for input scan

Note 1. On devices without 10 analog inputs, all AD1CSSL bits can be selected by user application. However,

inputs selected for scan without a corresponding input on device converts VREFL.
2. CSSx = ANx, where x = 0 through 9.

REGISTER 18-7: AD1PCFGL: ADC1 PORT CONFIGURATION REGISTER LOW®2:3)

uU-0 u-0 uU-0 uU-0 u-0 uU-0 R/W-0 R/W-0
— — — — — — PCFG9 PCFG8
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
PCFG7 PCFG6 PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-10 Unimplemented: Read as ‘0’
bit 9-0 PCFG<9:0>: ADC Port Configuration Control bits

1 = Port pin in Digital mode, port read input enabled, ADC input multiplexer connected to AVSs
0 = Port pin in Analog mode, port read input disabled, ADC samples pin voltage

Note 1: On devices without 10 analog inputs, all PCFG bits are R/W by user. However, PCFG bits are ignored on
ports without a corresponding input on device.

2. PCFGx = ANx, where x = 0 through 9.

3: PCFGx bits have no effect if the ADC module is disabled by setting the ADxMD bit in the PMDXx register.
When that bit is set, all port pins that have been multiplexed with ANx will be in Digital mode.

DS70264E-page 174 © 2007-2011 Microchip Technology Inc.
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TABLE 20-2: INSTRUCTION SET OVERVIEW (CONTINUED)

II3na£t‘re I\Aﬂizﬁwn;zli)rl: Assembly Syntax Description V\Z;?; s Cf/t COI; s Stitflfjg c't:ézgs
48 MPY MPY Multiply Wm by Wn to Accumulator 1 1 OA,0B,0AB,
Wm*Wn,Acc,Wx,Wxd, Wy, Wyd SA,SB,SAB
MPY Square Wm to Accumulator 1 1 OA,0OB,0OAB,
Wm*Wm, Acc,Wx,Wxd, Wy, Wyd SA,SB,SAB
49 MPY.N MPY .N -(Multiply Wm by Wn) to Accumulator 1 1 None
Wm*Wn,Acc,Wx,Wxd, Wy, Wyd
50 MSC MSC Wm*Wm, Acc,Wx,Wxd,Wy,Wyd | Multiply and Subtract from Accumulator 1 1 OA,0B,0AB,
, SA,SB,SAB
AWB
51 MUL MUL.SS  Wb,Ws,Wnd {Wnd + 1, Wnd} = signed(Wb) * signed(Ws) 1 1 None
MUL.SU  Wb,Ws,Wnd {Wnd + 1, Wnd} = signed(Wb) * unsigned(Ws) 1 1 None
MUL.US  Wb,Ws,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * signed(Ws) 1 1 None
MUL.UU  Wb,Ws,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(Ws)
MUL.SU  Wb,#lit5,Wnd {Wnd + 1, Wnd} = signed(Wb) * unsigned(lit5) 1 1 None
MUL.UU  Wb,#1it5,Wnd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(lit5)
MUL f W3:W2 =f* WREG 1 1 None
52 NEG NEG Acc Negate Accumulator 1 1 OA,OB,0AB,
SA,SB,SAB
NEG f f=f+1 1 1 C,DC,N,0v,Z
NEG f,WREG WREG =f + 1 1 1 C,DC,N,0V,Z
NEG Ws,Wwd Wd = Ws + 1 1 1 C,DCN,0Vv,Z
53 NOP NOP No Operation 1 1 None
NOPR No Operation 1 1 None
54 POP POP f Pop f from Top-of-Stack (TOS) 1 1 None
POP Wdo Pop from Top-of-Stack (TOS) to Wdo 1 1 None
POP.D Wnd Pop from Top-of-Stack (TOS) to 1 2 None
W(nd):W(nd + 1)
POP.S Pop Shadow Registers 1 1 All
55 PUSH PUSH T Push f to Top-of-Stack (TOS) 1 1 None
PUSH Wso Push Wso to Top-of-Stack (TOS) 1 1 None
PUSH.D  Wns Push W(ns):W(ns + 1) to Top-of-Stack (TOS) 1 2 None
PUSH.S Push Shadow Registers 1 1 None
56 PWRSAV PWRSAV #litl Go into Sleep or Idle mode 1 1 WDTO,Sleep
57 RCALL RCALL Expr Relative Call 1 2 None
RCALL Wn Computed Call 1 2 None
58 REPEAT REPEAT  #litl4 Repeat Next Instruction lit14 + 1 times 1 1 None
REPEAT  Wn Repeat Next Instruction (Wn) + 1 times 1 1 None
59 RESET RESET Software device Reset 1 1 None
60 RETFIE RETFIE Return from interrupt 1 3(2) None
61 RETLW RETLW #1i1tlo,Wn Return with literal in Wn 1 3(2) None
62 RETURN RETURN Return from Subroutine 1 3(2) None
63 RLC RLC f f = Rotate Left through Carry f 1 1 C,N,Z
RLC f,WREG WREG = Rotate Left through Carry f 1 1 C,N,Z
RLC Ws,Wd Wd = Rotate Left through Carry Ws 1 1 C,N,Z
64 RLNC RLNC f f = Rotate Left (No Carry) f 1 1 N,Z
RLNC T,WREG WREG = Rotate Left (No Carry) f 1 1 N,Z
RLNC Ws,Wd Wd = Rotate Left (No Carry) Ws 1 1 N,Z
65 RRC RRC L f = Rotate Right through Carry f 1 1 C,N,Z
RRC T,WREG WREG = Rotate Right through Carry f 1 1 C,N,Z
RRC Ws,Wd Wd = Rotate Right through Carry Ws 1 1 C,N,Z
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22.1 DC Characteristics

TABLE 22-1: OPERATING MIPS VS. VOLTAGE

Max MIPS
Characteristic VI.DD \F/Qalnge Tem'p Io?gnge
(in Volts) (in°C) dsPIC33FJ12GP201/202
3.0-3.6V -40°C to +85°C 40
3.0-3.6V -40°C to +125°C 40
TABLE 22-2: THERMAL OPERATING CONDITIONS
Rating Symbol Min Typ Max Unit
Industrial Temperature Devices
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C
Extended Temperature Devices
Operating Junction Temperature Range TJ -40 — +140 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:
PINT = VDD X (IDD — X I0H) [=]5) PINT + PI/O wW

1/0 Pin Power Dissipation:
1/0 =% ({VDD — VOH} X l0H) + X (VoL x loL)

Maximum Allowed Power Dissipation PDMAX (T —TA)BJA w

TABLE 22-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic Symbol Typ Max Unit Notes
Package Thermal Resistance, 18-pin PDIP 0ua 45 — °C/W 1
Package Thermal Resistance, 28-pin SPDIP 0ua 45 — °C/W 1
Package Thermal Resistance, 18-pin SOIC 0.a 60 — °C/W 1
Package Thermal Resistance, 28-pin SOIC 0ua 50 — °C/W 1
Package Thermal Resistance, 28-pin SSOP 0ua 71 — °C/W 1
Package Thermal Resistance, 28-pin QFN 0.a 35 — °C/W 1

Note 1: Junction to ambient thermal resistance, Theta-JA (BJA) numbers are achieved by package simulations.
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FIGURE 22-13: SPIx SLAVE MODE (FULL-DUPLEX, CKE =1, CKP = 0, SMP = 0) TIMING
CHARACTERISTICS
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Note: Refer to Figure 22-1 for load conditions.
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TABLE 22-36: 1°Cx BUS DATA TIMING REQUIREMENTS (MASTER MODE)

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
-40°C <TA <+85°C for Industrial

-40°C <TA <+125°C for Extended

Operating temperature

P;a\lr:m Symbol Characteristic® Min® Max Units Conditions
IM10 TLo:scL | Clock Low Time | 100 kHz mode | Tcy/2 (BRG + 1) — us —
400 kHz mode | Tcy/2 (BRG + 1) — us —
1 MHz mode® | Tcy/2 BRG+1) | — us —
IM11 THi:scL | Clock High Time | 100 kHz mode | Tcy/2 (BRG + 1) — us —
400 kHz mode | Tcy/2 (BRG + 1) — us —
1 MHz mode® | Tcy/2 BRG+1) | — us —
IM20 Tr:scL | SDAx and SCLx | 100 kHz mode — 300 ns CB is specified to be
Fall Time 400 kHz mode 20+0.1CB 300 ns |from 10 to 400 pF
1 MHz mode® — 100 ns
IM21 TR:scL |SDAx and SCLx | 100 kHz mode — 1000 ns CB is specified to be
Rise Time 400 kHz mode 20+0.1Cs 300 ns |from 10 to 400 pF
1 MHz mode® — 300 ns
IM25 Tsu:DAT | Data Input 100 kHz mode 250 — ns —
Setup Time 400 kHz mode 100 — ns
1 MHz mode® 40 — ns
IM26 THD:DAT | Data Input 100 kHz mode 0 — us —
Hold Time 400 kHz mode 0 0.9 us
1 MHz mode® 0.2 — us
IM30 Tsu:sTA | Start Condition | 100 kHz mode | Tcy/2 (BRG + 1) — us Only relevant for
Setup Time 400 kHz mode | Tcy/2 (BRG + 1) — us | Repeated Start
1MHz mode®@ | Tcv/2 BRG +1) | — us | condition
IM31 THD:STA | Start Condition | 100 kHz mode | Tcy/2 (BRG + 1) — us After this period the
Hold Time 400 kHz mode | Tcy/2 (BRG + 1) _ us first clock pulse is
1 MHz mode® | Tcvi2 BRG + 1) | — us | 9enerated
IM33 Tsu:sTo | Stop Condition | 100 kHz mode | Tcy/2 (BRG + 1) — us —
Setup Time 400 kHz mode | Tcy/2 (BRG + 1) — us
1 MHz mode® | Tcy/2 BRG+1) | — us
IM34 THD:STO | Stop Condition | 100 kHz mode | Tcy/2 (BRG + 1) — ns —
Hold Time 400 kHz mode | Tcy/2 (BRG + 1) — ns
1 MHz mode® | Tcy/2 BRG+1) | — ns
IM40 TAA:scL | Output Valid 100 kHz mode — 3500 ns —
From Clock 400 kHz mode — 1000 ns —
1 MHz mode® — 400 ns —
IM45 TBF:SDA | Bus Free Time | 100 kHz mode 4.7 — us Time the bus must be
400 kHz mode 13 — us free before a new
1 MHz mode® 05 — us transmission can start
IM50 CB Bus Capacitive Loading — 400 pF
IM51 PGD Pulse Gobbler Delay 65 390 ns See Note 4
Note 1: BRG is the value of the I°C Baud Rate Generator. Refer to Section 19. “ Inter-Integrated Circuit
(IZCTM)” (DS70195) in the “dsPIC33F/PIC24H Family Reference Manual”. Refer to the Microchip
website (www.microchip.com) for the latest family reference manual sections.
2. Maximum pin capacitance = 10 pF for all I2Cx pins (for 1 MHz mode only).
3: These parameters are characterized by similarity, but are not tested in manufacturing.
4: Typical value for this parameter is 130 ns.
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TABLE 22-38: ADC MODULE SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
-40°C <TA <+85°C for Industrial

-40°C <TA <+125°C for Extended

Operating temperature

Pilr:m Symbol Characteristic Min. Typ Max. Units Conditions
Device Supply
ADO1 [AVDD  |Module VoD Supply® | Greaterof | — | Lesserof | V
VDD - 0.3 VDD + 0.3 —
or 3.0 or 3.6
AD02 |AVss |Module Vss Supply®@ | Vss—03 | — |[Vss+03 | V —
Reference Inputs
ADO5 |VREFH |Reference Voltage High |[AVss +2.5| — AVDD V | See Note 1
ADO05a 3.0 — 3.6 V | VREFH = AVDD
VREFL = AVss = 0, see Note 2
ADO6 |VREFL |Reference Voltage Low AVss — |AVDD-25| V |[SeeNotel
ADO6a 0 — 0 V | VREFH = AVDD
VREFL = AVss = 0, see Note 2
ADO7 | VREF Absolute Reference 25 — 3.6 V | VREF = VREFH - VREFL
Voltage®
ADO08 IREF Current Drain — 250 550 UA | ADC operating, See Note 1
— — 10 uA | ADC off, See Note 1
ADO08a |laD Operating Current — 7.0 9.0 mA | 10-bit ADC mode, See Note 2
— 2.7 3.2 mA | 12-bit ADC mode, See Note 2
Analog Input
AD12 | VINH Input Voltage Range VINL — VREFH V | This voltage reflects Sample
VINH®) and Hold Channels 0, 1, 2,
and 3 (CHO-CH3), positive
input
AD13 | VINL Input Voltage Range VREFL — | AVss+1V | V |This voltage reflects Sample
VINLZ and Hold Channels 0, 1, 2,
and 3 (CHO-CH3), negative
input
AD17 |RIN Recommended Imped- — — 200 Q [ 10-bit ADC
ance of Analog Voltage — — 200 Q | 12-bit ADC
Source®
Note 1. These parameters are not characterized or tested in manufacturing.
2: These parameters are characterized, but are not tested in manufacturing.
3: These parameters are assured by design, but are not characterized or tested in manufacturing.
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18-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

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

Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 11.55 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle o 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-051B
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28-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS
Dimension Limits| ~ MIN_ | NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle Top [0} 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y 14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-052B
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APPENDIX A: REVISION HISTORY

Revision A (January 2007)

Initial release of this document.

Revision B (May 2007)

This revision includes the following corrections and
updates:

» Minor typographical and formatting corrections
throughout the data sheet text.
* New content:

- Addition of bullet item (16-word conversion
result buffer) (see Section 18.1 “Key
Features”)

* Figure update:
- Oscillator System Diagram (see Figure 8-1)
- WDT Block Diagram (see Figure 19-2)
» Equation update:
- Serial Clock Rate (see Equation 15-1)
* Register updates:
- Clock Divisor Register (see Register 8-2)
- PLL Feedback Divisor Register (see
Register 8-3)
- Peripheral Pin Select Input Registers (see
Register 10-1 through Register 10-9)

- ADC1 Input Channel 1, 2, 3 Select Register
(see Register 18-4)

- ADC1 Input Channel 0 Select Register (see
Register 18-5)
» Table updates:
- CNENZ2 (see Table 4-2 and Table 4-3)
- Reset Flag Bit Operation (see Table 5-1)

- Configuration Bit Values for Clock Operation
(see Table 8-1)

» Operation value update:

- IOLOCK set/clear operation (see
Section 10.4.3.1 “Control Register Lock™)

The following tables in Section 22.0 “Electrical
Characteristics” have been updated with
preliminary values:

- Updated Max MIPS for -40°C to +125°C
Temp Range (see Table 22-1)

- Added new parameters for +125°C, and
updated Typical and Max values for most
parameters (see Table 22-5)

- Added new parameters for +125°C, and
updated Typical and Max values for most
parameters (see Table 22-6)

- Added new parameters for +125°C, and
updated Typical and Max values for most
parameters (see Table 22-7)

- Added new parameters for +125°C, and
updated Typical and Max values for most
parameters (see Table 22-8)

- Updated parameter DI51, added parameter
DI51a (see Table 22-9)

- Added Note 1 (see Table 22-11)
- Updated parameter OS30 (see Table 22-16)
- Updated parameter OS52 (see Table 22-17)

- Updated parameter F20, added Note 2 (see
Table 22-18)

- Updated parameter F21 (see Table 22-19)

- Updated parameter TA15 (see Table 22-22)
- Updated parameter TB15 (see Table 22-23)
- Updated parameter TC15 (see Table 22-24)
- Updated parameter IC15 (see Table 22-25)

- Updated parameters AD05, AD06, ADQ7,
ADO08, AD10, and AD11; added parameters
ADO05a and AD06a; added Note 2; modified
ADC Accuracy headings to include
measurement information (see Table 22-34)

- Separated the ADC Module Specifications
table into three tables (see Table 22-34,
Table 22-35, and Table 22-36)

- Updated parameter AD50 (see Table 22-37)

- Updated parameters AD50 and AD57 (see
Table 22-38)
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NOTES:
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