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ABSTRACT

In the fast pace of modern city life demands more convenience and safety. Internet plays a
prevailingly important role. The thesis is “Electrical Equipment Controller via Internet” to use micro-
controller to control electrical equipment to turn on — off, And Can be set to open - close to 24 hours. In
control section, use module micro-controller dsPic33WEB working with relay 4 channel to control electrical
device . In command section, use HTML and Java to create webpage and use Microsoft Visual C# to create

windows mobile application.
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a g 4 ¢ s Yo ¢
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- MCU Oscillator
- rc12 Wil oscl defy Crystal A1 8.00MHz dn syl udyanauiin
Y99 MCU
- reis 195l 0sc2 Ao Crystal /1 8.00MHz v Su 4y dyanamnitnm

o

Y93 MCU

- RTC Oscillator
- rc13 iy oscl Aoy Crystal A1 32.768KHz - dmFuldiiludygna
UMD RTC
- - RrC14 141fu 0SC2 Apfy Crystal  #132.768KHz - dwFuliudyana

UINAIUBY RTC

- WosaAed130YN5U(UART) RS232-CHI
- rRE2 1iluv1 RXD dmsusudeyasin RS-232 1o-1

- rE3 Miiluvr D dansudadeyali RS-232 909-1
- wesndemI0YNIU(UART) RS232-CH2

- rF4 1iluv RXD §msu5udeyain RS232 509-2

- rFs Miluvn TXD dmSudadoyald RS-232 $o9-2
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- Ethernet Module (SPI-1)

RF6 115 SCK Tumsifoudas Ethernet Module (ET-MINI ENC2860)
RE7 1948 DI lumsiFeusefi Ethernet Module (ET-MINI ENC28J60)
RF$ 19151 SDO TumsiFeuAesY Ethenet Module (ET-MINI ENC28160)
RD14 1915 cs lumsi¥ounen Ethernet Module (ET-MINI ENC28J60)
RA12 Wil INT1 lunsioudesy Ethernet Module (ET-MINI ENC28160)
Tasaunsodenldnie 11418 TasmsAmuaii Jumper INTEN/DS) &4
aulsnddomily DS(Disable: laildam)
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auilsnaaondly DS(Disable: 1 l9a11)

- SPI Memory Module (SPI-2)

rG6 19131 sck Tumsideusdsrin SPI Memory
RG7 1431w DI lumsiweuseriu SPI Memory
RG8 1413 SDO lumisiweusderil SPI Memory

rRD12 1413lu s Tunsiweusoiu SPI Memory

- Character LCD Display

rDO 191511 LCD D4 lumsiFeusenu Character LCD 111 4 Tia
RD1 141510 LeD s Tumsidensiefiu Character LCD 11/4) 4 1
rD2 191511 LeD D6 Tumsiendas Character LCD 1 4 1in
rD3 141510 LeD D7 Tumsideusefiu Character LCD 1114) 4 1
rD4 11510 LeD RS Tunsieusefiu Character LCD 1114) 4 1
RDs 11510 LD RW lumsi¥eusefiu Character LCD 1) 4 9

rRD6 14151 LD EN lunmsi¥eusony Character LCD LUU 4 U6
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51 2.14 Frawes lu TCP/IP
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2.2.1 Fulaan-tn5e18 (Host-to-Network Layer)
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o A ¢
2.2.2 FUA0a1501MO313IA (The Internet Layer)
191 521nnup952UUMTA0AITNG NI TSULATDUISUVUATUSDIADAITTZAY
< % g L g a0 [ A 5
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@ o A 1 Yy Y 3 Aa 1 <
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2.2.2.1 IP (Internet Protocol)
o Y 3 ad J o Y Ao A [ 9y
JuldsTnnealuszaumansamwes iuindanisnelnuLeaTaIoYn LA
vy T g v ] ] 4 v
auaumsdideyanisedeilFlumsnudumevewiinng dena lnlumsnudumaves

a 9 Aad d Y Y '
1P ﬂZﬂJﬂ’JWﬁWﬁﬂi‘uﬂﬁﬂ”Imum\mﬂ‘ﬂqﬂ !,mz’mmiﬂLﬂaﬂuuﬂamﬁu‘ﬂ'lﬂﬂﬂluizﬂ’nﬂ

msdetoya
[ 4 [ " 9 [
1P Saliszuumsuentiasdsenoua1Aunsy (datagram) DT 095UM I A9UDYATLAY
. Sa : e e ! (9 [ Y o
data link NUYUIA MTU (Maximum Transmission Unit) NEHANAINNU mlderunsadi e 1
14115 Tnneadu ldnainvians 1wy Ethernet, Token Ring 150 Apple Talk

4 v 4 o ' [ & a
MIeNADYD IP tiathasaedoya v21Tuiuy Connectionless M3BIAAITINS

v
S

A 1 o?: "9 9 ] £Q):9). b
miwama“lunﬂq AIIVINITAIVDYA 1 AINULNTY Iﬂﬂ%%vlllﬂﬁ'lﬁﬂﬁsllﬂﬂglﬁﬂ'lﬂ"lllﬂill (15
' Y A i 1 > 9 9 a ' Y :ll A
ﬂauwmmaﬁmmmmﬂ13ﬁ&maga1u 1 A19LNTY ?Jﬁ]%3Lﬂﬂﬂ']'iﬁ\ﬂﬂﬁﬂ?ﬁlﬂiﬁiﬂﬂﬁﬂlﬂ

= 1569) ( ' v 1 o <3| 9 a A =
fimsulsdoyasemiludiudess (fragmentation) wazgniilisadumdunsudumiions

aren
4 f | Headd 2 Qi BN R 16 Total Length
version Lensth
16-bit Identification 3-bit flag 16-bit fragment
8-bit Time To Live 8-bit Protocol 16-bit Header Checksum

32-bit Source IP Address

22-bit Destination 1P Address

Option

Data

317 2.15 IP Header

=

a =1 o 9 A A o 1

Header ¥94 1P Tagnavziivuna 20 Tud sndulunsalniinisiiy option 11140819
a) o = [ d” .
WaAv04 IP Header 923A10MN18A1N

Jo 4 o 7o

- Version: nuneraunsiuvedlislanea nldauluilegiude nesdu 4 (pva)

Jd o
LALIDTHY 6 (IPV6)

o [} 1
- Header Length: ANY1IV04 Header 189121181 13T d 24 option azlianily 5

(5*32 bit)
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o 9 o 9 ) @ o v a A ¢
- Type of Service (TOS): ldiludoyadmsusunes lumsdaduludenniseia
Joya luusazadwnsy ualuilegiin T laiase Ty Idamudy
z | o J Y ) a a 14
- Length: Anueanuaiiusou luavesmidunsy dadievuia 16 davesilaa
J 1 1 a
VNULTINNVIIIGIGAVBIAIAWNTY 7D 65535 TUA (64 Kbyte) ualumsdsdoyarss
[ ' i o a o 4 o @ 3
Joyaszgnuenitludiug musnuinves MTU idmualudsaiawes uaziiwnsauiudnns
& 1= a o ' ] =1 9 1a 4
iedanataems sewndndsudm lngszlvuavesmdunsy linu 512 lua
: : < Y asa v A 9 '
- Identification: HuremyvesnAmnsu lunsaininsuenaidunsuiiedoyads
=1 o 9 A 3 = - =) [ Y
damemeeziideyaiil identification IHeINULITINAY
Y ada Y
- Flag: 1¥lunsalninisuenadnnsy
9 o o " Y 9 Ao ' A ]
- Fragment offset: 1% 1un1sinuadmmisdoyaluaidunsunimsuondiu ive 14
ansathnauuisederiuldedgnasa
v i v 1
- Time to live (TTL): f1HuAS1UASINNINNTANAIAILNTUIZYNAITZN I hop
[} 1 ' 3 ad 4 [ ] a L7 lay 4
(Mydeiudeyasznnutanse) eilesdu luldinanisasdoyalas liduga Taaidle
' o ' 4 1 [ @ ]
doyagndell 1 hop sz@Imsand1 TTL as1iien1ves TTL 1iu 0 uazdoyadslud
v
@ a 4 1 [ [ v
darems doyariuszgnonidan uazisiees qamezdesdeya ICMP udanduudsduniai
A9 time out TusznIIMsaIdoya
d‘ 1 Y 1 A
- Protocol: 331 113 Inaeanasluadinsy 1y TCP, UDP ¥30 ICMP
- Header checksum: 141umsasisaauniugndesvosdoyaly Header
- Source P address: ¥i1@1a% IP ¥ efasdoya

- Destination IP address: 110104 IP Y885 Ud0Ya

- Data: Yo3a91n 15 Taneaszauuy

2.2.2.2 ICMP (Internet Control Message Protocol)
d .
WuTdsTaneanldlunisasingounazs1ouanIUNNUIAIAILNTY (Datagram)
S [ ] o ' '
lunsaifneilgninuaidiunsy 15y 1suaes lauisadeardunsy ludedarenield
1 @ 9 r:’i Yy a d' a dg,
ICMP azgndsoen lui Teadumaiesisanudodanaiaiinadiy
I a3 1 @ [ ' {0 [ a 1
pd1el5na Tillez 155u1sein1dan ICMP Message NdelivzadsneTansoly
1 1 @ a3
mniimsaendnsueon 1ud 21388 ICMP Message W04 Error nauun Autlanunuie'ld
~aA g ' =< VoA Y A ~ A 4
avnsdife Jeyagnaslitlaronedisteuses nsoevaziiilym lumsdearsians
] Y i ) 3 1 sy ¥
d9A1AUNTY ag ICMP Message Na9nauunniidaymisyniemanla
. - e _ o :
icMP  aduldsTanean lilinnuuu¥ede (unreliable) Faaziiuniinaes

] 9 v
Tus Taneoaluszaugandi Network Layer Tumsdanms 1dmsdeasiiug Ianuiusedelu
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AUUDI ICMP Message 92152 N0UAY Type UU1IA 8 UA Checksum VU1 16 1a tazdan

¥4 Content FavzTvinaunnaranulian Type 1az Code #1331 2.16

8-bit Type 8-bit Code 16-bit Checksum

ICMP Content

311 2.16 ICMP Header

2273 %’uﬁemsmdaﬂl’fega (Transport Layer)
Tt a @ @ = 1 e
wuullslanea 2 e uanyae lasany e NIS8NIN Transmission Control
[ i o 1 A & 3
Protocol (TCP) WU UNLMTAIMUATIINITTOAITAADATEELLIAINTTDAS (connection-
2 [l [ 4 ] a

oriented) vzvonlniimsdesdoyailuui Byte stream 91 131014 Tno liifideAanain

Joy amﬂimmmm zgnuiseamiludiuifng Sendn Message chw“ﬂﬂm'lﬂm

Y

VU eFudomsveduImesii MerofT 92101 message WG vsApA UL U

A Yo o =

ayammuﬂimmm ‘V]N'Iullﬂ‘ﬂ‘hmﬂﬂ’m

QU

9

s

9 v a v A Yy v
voyanlal Nery U\‘illﬂ'J']Nﬁ'lﬂ']ﬁﬂiﬂﬂ'lﬁﬂ?‘ﬂﬂl]ﬂ'ﬁllﬂﬁﬂl@ﬂﬂlﬂﬂﬁlW@ﬂ@\?ﬂu"lllclﬂF;ll GEKGH]
Y

U

o1 { 1 <

Tils Taneamsidedoyauufaeionii UDP (User Datagram Protocol) (iun1s
a T 1500, d‘l % =% Y 9 1 [P=} Y
sy l1aBiio (connectionless) IN13As19d0UANUYNABIVDIT DY auavz luTimsuds
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2.3 Common Gateway Interface (CGI)
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2.5 52UVUUAMS Windows Mobile
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2.5.4 Windows Mobile Application
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Pin Diagrams (Continued)
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20 CPU

Note: This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The dsPIC33F CPU module has a 16-bit (data) modified
Harvard architecture with an enhanced instruction set,
including significant support for DSP. The CPU has a
24-bit instruction word with a variable length opcode field.
The Program Counter (PC) is 23 bits wide and
addresses up to 4M x 24 bits of user program memory
space. The actual amount of program memory
implemented varies by device. A single-cycle instruction
prefetch mechanism is used to help maintain throughput
and provides predictable execution. All instructions
execute in a single cycle, with the exception of
instructions that change the program flow, the double
word move (MOV . D) instruction and the table instructions.
Overhead-free program loop constructs are supported
using the DO and REPEAT instructions, both of which are
interruptible at any point.

The dsPIC33F devices have sixteen, 16-bit working
registers in the programmer’s model. Each of the working
registers can serve as a data, address or address offset
register. The 16th working register (W15) operates as a
software Stack Pointer (SP) for interrupts and calls.

The dsPIC33F instruction set has two classes of
instructions: MCU and DSP. These two instruction
classes are seamlessly integrated into a single CPU.
The instruction set includes many addressing modes
and is designed for optimum C compiler efficiency. For
most instructions, the dsPIC33F is capable of
executing a data (or program data) memory read, a
working register (data) read, a data memory write and
a program (instruction) memory read per instruction
cycle. As a result, three parameter instructions can be
supported, allowing A + B = C operations to be
executed in a single cycle.

A block diagram of the CPU is shown in Figure 2-1,
and the programmer’s model for the dsPIC33F is
shown in Figure 2-2.

21 Data Addressing Overview

The data space can be addressed as 32K words or
64 Kbytes and is split into two blocks, referred to as X
and Y data memory. Each memory block has its own
independent Address Generation Unit (AGU). The MCU
class of instructions operates solely through the X mem-
ory AGU, which accesses the entire memory map as one
linear data space. Certain DSP instructions operate
through the X and Y AGUs to support dual operand
reads, which splits the data address space into two parts.
The X and Y data space boundary is device-specific.

Overhead-free circular buffers (Modulo Addressing
mode) are supported in both X and Y address spaces.
The Modulo Addressing removes the software boundary
checking overhead for DSP algorithms. Furthermore,
the X AGU circular addressing can be used with any of
the MCU class of instructions. The X AGU also supports
Bit-Reversed Addressing to greatly simplify input or
output data reordering for radix-2 FFT algorithms.

The upper 32 Kbytes of the data space memory map can
optionally be mapped into program space at any 16K
program word boundary defined by the 8-bit Program
Space Visibility Page (PSVPAG) register. The program
to data space mapping feature lets any instruction
access program space as if it were data space.

The data space also includes 2 Kbytes of DMA RAM,
which is primarily used for DMA data transfers, but may
be used as general purpose RAM.

2.2 DSP Engine Overview

The DSP engine features a high-speed, 17-bit by 17-bit
multiplier, a 40-bit ALU, two 40-bit saturating
accumulators and a 40-bit bidirectional barrel shifter.
The barrel shifter is capable of shifting a 40-bit value,
up to 16 bits right or left, in a single cycle. The DSP
instructions  operate seamlessly with all other
instructions and have been designed for optimal
real-time performance. The MAC instruction and other
associated instructions can concurrently fetch two data
operands from memory while multiplying two W
registers and accumulating and optionally saturating
the result in the same cycle. This instruction
functionality requires that the RAM memory data space
be split for these instructions and linear for all others.
Data space partitioning is achieved in a transparent
and flexible manner through dedicating certain working
registers to each address space.

2.3 Special MCU Features

The dsPIC33F features a 17-bit by 17-bit, single-cycle
multiplier that is shared by both the MCU ALU and DSP
engine. The multiplier can perform signed, unsigned
and mixed-sign multiplication. Using a 17-bit by 17-bit
multiplier for 16-bit by 16-bit multiplication not only
allows you to perform mixed-sign multiplication, it also
achieves accurate results for special operations, such
as (-1.0) x (-1.0).

The dsPIC33F supports 16/16 and 32/16 divide
operations, both fractional and integer. All divide
instructions are iterative operations. They must be
executed within a REPEAT loop, resulting in a total
execution time of 19 instruction cycles. The divide
operation can be interrupted during any of those
19 cycles without loss of data.

A 40-bit barrel shifter is used to perform up to a 16-bit,
left or right shift in a single cycle. The barrel shifter can
be used by both MCU and DSP instructions.

© 2006 Microchip Technology Inc. Prelimin
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FIGURE 2-1: dsPIC33F CPU CORE BLOCK DIAGRAM
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FIGURE 2-2:

dsPIC33F PROGRAMMER’S MODEL
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24 CPU Control Registers
REGISTER 2-1: 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 DA DC
bit 15 bit 8
R/W-0(2) R/W-00) R/W-0®) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL<2:0>(2) RA N ov z e}
bit 7 bit 0
Legend:
C = Clear only bit R = Readable bit U = Unimplemented bit, read as ‘0’
S = Set only bit W = Writable bit -n = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 OA: Accumulator A Overflow Status bit
1 = Accumulator A overflowed
0 = Accumulator A has not overflowed
bit 14 OB: Accumulator B Overflow Status bit
1 = Accumulator B 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 = Accumulators A or B have overflowed
0 = Neither Accumulators A or B have overflowed
bit 10 SAB: SA || SB Combined Accumulator ‘Sticky’ Status bit
1 = Accumulators A or B are saturated or have been saturated at some time in the past
0 = Neither Accumulator A or B are saturated
Note:  This bit may be read or cleared (not set). Clearing this bit will clear SA and SB.
bit 9 DA: DO Loop Active bit
1 =DO loop in progress
0 = DO loop not in progress
bit 8 DC: MCU ALU Half Carry/Borrow bit

1 = A 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

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 may 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. 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>).

DS70165D-page 30 Preliminary © 2006 Microchip Technology Inc.
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REGISTER 2-1:  SR: CPU STATUS REGISTER (CONTINUED)

bit 7-5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

IPL<2:0>: CPU Interrupt Priority Level Status bits(?)

111 = CPU Interrupt Priority Level is 7 (15), user interrupts disabled

110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is 0 (8)

RA: REPEAT Loop Active bit

1 = REPEAT loop in progress

0 = REPEAT loop not in progress

N: MCU ALU Negative bit

1 = Result was negative

0 = Result was non-negative (zero or positive)

OV: MCU ALU Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the magnitude which
causes the sign bit to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred

Z: MCU ALU Zero bit

1 = An operation which affects the Z bit has set it at some time in the past
0 = The most recent operation which affects the Z bit has cleared it (i.e., a non-zero result)
C: MCU ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

This bit may be read or cleared (not set).

The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL if IPL<3> = 1. User interrupts are disabled when
IPL<3>=1.

The IPL<2:0> Status bits are read only when NSTDIS =1 (INTCON1<15>).
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REGISTER 2-2: CORCON: CORE CONTROL REGISTER
u-0 u-0 uU-0 R/W-0 R/W-0 R-0 R-0 R-0
— == us ] Eot ] DL<2:0>
bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R/W-0 R/W-0 R/W-0
SATA SATB SATDW ACCSAT IPL3®) PSV RND IF
bit 7 bit 0
Legend: C = Clear only bit
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 15-13
bit 12

bit 11

bit 10-8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:
2:

Unimplemented: Read as ‘0’

US: DSP Multiply Unsigned/Signed Control bit

1 = DSP engine multiplies are unsigned

0 = DSP engine multiplies are signed

EDT: Early DO Loop Termination Control bit(1)

1 = Terminate executing DO loop at end of current loop iteration
0 = No effect

DL<2:0>: DO Loop Nesting Level Status bits

111 =7 DO loops active

001 =1 DO loop active
000 =0 DO loops active

SATA: AccA Saturation Enable bit

1 = Accumulator A saturation enabled
0 = Accumulator A saturation disabled

SATB: AccB Saturation Enable bit

1 = Accumulator B saturation enabled
0 = Accumulator B saturation disabled

SATDW: Data Space Write from DSP Engine Saturation Enable bit

1 = Data space write saturation enabled
0 = Data space write saturation disabled

ACCSAT: Accumulator Saturation Mode Select bit

1 = 9.31 saturation (super saturation)
0 = 1.31 saturation (normal saturation)

IPL3: CPU Interrupt Priority Level Status bit 3@

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

PSV: Program Space Visibility in Data Space Enable bit

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

RND: Rounding Mode Select bit

1 = Biased (conventional) rounding enabled
0 = Unbiased (convergent) rounding enabled

IF: Integer or Fractional Multiplier Mode Select bit

1 = Integer mode enabled for DSP multiply ops
0 = Fractional mode enabled for DSP multiply ops

This bit will always read as ‘0.
The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU interrupt priority level.
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2.5  Arithmetic Logic Unit (ALU)

The dsPIC33F ALU is 16 bits wide and is capable of
addition, subtraction, bit shifts and logic operations.
Unless otherwise mentioned, arithmetic operations are
2’s complement in nature. Depending on the operation,
the ALU may affect the values of the Carry (C), Zero
(Z), Negative (N), Overflow (OV) and Digit Carry (DC)
Status bits in the SR register. The C and DC Status bits
operate as Borrow and Digit Borrow bits, respectively,
for subtraction operations.

The ALU can perform 8-bit or 16-bit operations,
depending on the mode of the instruction that is used.
Data for the ALU operation can come from the W reg-
ister array, or data memory, depending on the address-
ing mode of the instruction. Likewise, output data from
the ALU can be written to the W register array or a data
memory location.

Refer to the “dsPIC30F/33F Programmer’s Reference
Manual” (DS70157) for information on the SR bits
affected by each instruction.

The dsPIC33F CPU incorporates hardware support for
both multiplication and division. This includes a dedi-
cated hardware multiplier and support hardware for
16-bit-divisor division.

2.5.1 MULTIPLIER

Using the high-speed 17-bit x 17-bit multiplier of the DSP
engine, the ALU supports unsigned, signed or mixed-sign
operation in several MCU multiplication modes:

16-bit x 16-bit signed

16-bit x 16-bit unsigned

16-bit signed x 5-bit (literal) unsigned

16-bit unsigned x 16-bit unsigned

16-bit unsigned x 5-bit (literal) unsigned

16-bit unsigned x 16-bit signed

7. 8-bit unsigned x 8-bit unsigned

DOV QNI

252 DIVIDER

The divide block supports 32-bit/16-bit and 16-bit/16-bit
signed and unsigned integer divide operations with the
following data sizes:

32-bit signed/16-bit signed divide
32-bit unsigned/16-bit unsigned divide
16-bit signed/16-bit signed divide
16-bit unsigned/16-bit unsigned divide

bt ot el e

The quotient for all divide instructions ends up in WO
and the remainder in W1. 16-bit signed and unsigned
DIV instructions can specify any W register for both the
16-bit divisor (Wn) and any W register (aligned) pair
(W(m + 1):Wm) for the 32-bit dividend. The divide algo-
rithm takes one cycle per bit of divisor, so both
32-bit/16-bit and 16-bit/16-bit instructions take the
same number of cycles to execute.

2.6 DSP Engine

The DSP engine consists of a high-speed, 17-bit x
17-bit multiplier, a barrel shifter and a 40-bit
adder/subtracter (with two target accumulators, round
and saturation logic).

The dsPIC33F is a single-cycle, instruction flow architec-
ture; therefore, concurrent operation of the DSP engine
with MCU instruction flow is not possible. However, some
MCU ALU and DSP engine resources may be used
concurrently by the same instruction (e.g., ED, EDAC).

The DSP engine also has the capability to perform
inherent accumulator-to-accumulator operations which
require no additional data. These instructions are ADD,
SUB and NEG.

The DSP engine has various options selected through
various bits in the CPU Core Control register
(CORCON), as listed below:

1. Fractional or integer DSP multiply (IF).

Signed or unsigned DSP multiply (US).
Conventional or convergent rounding (RND).
Automatic saturation on/off for AccA (SATA).
Automatic saturation on/off for AccB (SATB).
Automatic saturation on/off for writes to data
memory (SATDW).

7. Accumulator Saturation mode selection (ACCSAT).

o1 B N

A block diagram of the DSP engine is shown in
Figure 2-3.

TABLE 2-1: DSP INSTRUCTIONS SUMMARY

Instruction Algebraic Operation ACC Write Back

CLR A=0 Yes

ED A=(x-y)? No
EDAC A=A+ (x-y)? No
MAC A=A+ (x*y) Yes
MAC A=A+x? No
MOVSAC No change in A Yes
MPY A=x*y No
MPY A=Xs No
MPY.N A=-x*y No
MSC A=A-x*y Yes
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FIGURE 2-3: DSP ENGINE BLOCK DIAGRAM
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2.6.1 MULTIPLIER

The 17-bit x 17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the
multiplier input value. The output of the 17-bit x 17-bit
multiplier/scaler is a 33-bit value which s
sign-extended to 40 bits. Integer data is inherently rep-
resented as a signed two’s complement value, where
the MSb is defined as a sign bit. Generally speaking,
the range of an N-bit two’s complement integer is -2N-!
to 2% — 1. For a 16-bit integer, the data range is
-32768 (0x8000) to 32767 (0x7FFF) including ‘0’. For a
32-bit integer, the data range is -2,147,483,648
(0x8000 0000) to 2,147,483,647 (0x7FFF FFFF).

When the multiplier is configured for fractional multipli-
cation, the data is represented as a two’s complement
fraction, where the MSb is defined as a sign bit and the
radix point is implied to lie just after the sign bit (QX
format). The range of an N-bit two's complement
fraction with this implied radix pointis -1.0 to (1 = 2™N).
For a 16-bit fraction, the Q15 data range is -1.0
(0x8000) to 0.999969482 (0x7FFF) including ‘0’ and
has a precision of 3.01518x10°°. In Fractional mode,
the 16 x 16 multiply operation generates a 1.31 product
which has a precision of 4.65661 x 107'°.

The same multiplier is used to support the MCU multi-
ply instructions which include integer 16-bit signed,
unsigned and mixed sign multiplies.

The MUL instruction may be directed to use byte or
word sized operands. Byte operands will direct a 16-bit
result, and word operands will direct a 32-bit result to
the specified register(s)in the W array.

2.6.2 DATA ACCUMULATORS AND
ADDER/SUBTRACTER

The data accumulator consists of a 40-bit
adder/subtracter with automatic sign extension logic. It
can select one of two accumulators (A or B) as its
pre-accumulation source and post-accumulation desti-
nation. For the ADD and LAC instructions, the data to be
accumulated or loaded can be optionally scaled via the
barrel shifter prior to accumulation.

2.6.2.1 Adder/Subtracter, Overflow and
Saturation

The adder/subtracter is a 40-bit adder with an optional
zero input into one side, and either true, or complement
data into the other input. In the case of addition, the
carry/borrow input is active-high and the other input is
true data (not complemented), whereas in the case of
subtraction, the carry/borrow input is active-low and the
other input is complemented. The adder/subtracter
generates Overflow Status bits, SA/SB and OA/OB,
which are latched and reflected in the STATUS
register:

-« Overflow from bit 39: this is a catastrophic
overflow in which the sign of the accumulator is
destroyed.

« Overflow into guard bits 32 through 39: this is a
recoverable overflow. This bit is set whenever all
the guard bits are not identical to each other.

The adder has an additional saturation block which
controls accumulator data saturation, if selected. It
uses the result of the adder, the Overflow Status bits
described above and the SAT<A:B> (CORCON<7:6>)
and ACCSAT (CORCON<4>) mode control bits to
determine when and to what value to saturate.

Six STATUS register bits have been provided to
support saturation and overflow; they are:

1. OA:
AccA overflowed into guard bits

28 OB;
AccB overflowed into guard bits

3. SA:
AccA saturated (bit 31 overflow and saturation)
or
AccA overflowed into guard bits and saturated
(bit 39 overflow and saturation)

4. SB:
AccB saturated (bit 31 overflow and saturation)
or
AccB overflowed into guard bits and saturated
(bit 39 overflow and saturation)

5. OAB:
Logical OR of OA and OB
6. SAB:

Logical OR of SA and SB

The OA and OB bits are modified each time data
passes through the adder/subtracter. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
The OA and OB bits can also optionally generate an
arithmetic warning trap when set and the correspond-
ing Overflow Trap Flag Enable bits (OVATE, OVBTE)
in the INTCON1 register (refer to Section 6.0 “Inter-
rupt Controller”) are set. This allows the user to take
immediate action, for example, to correct system gain.

© 2006 Microchip Technology Inc.
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The SA and SB bits are modified each time data
passes through the adder/subtracter, but can only be
cleared by the user. When set, they indicate that the
accumulator has overflowed its maximum range (bit 31
for 32-bit saturation or bit 39 for 40-bit saturation) and
will be saturated (if saturation is enabled). When
saturation is not enabled, SA and SB default to bit 39
overflow and, thus, indicate that a catastrophic over-
flow has occurred. If the COVTE bit in the INTCON1
register is set, SA and SB bits will generate an
arithmetic warning trap when saturation is disabled.

The Overflow and Saturation Status bits can optionally
be viewed in the STATUS Register (SR) as the logical
OR of OA and OB (in bit OAB) and the logical OR of SA
and SB (in bit SAB). This allows programmers to check
one bit in the STATUS register to determine if either
accumulator has overflowed, or one bit to determine if
either accumulator has saturated. This would be useful
for complex number arithmetic which typically uses
both the accumulators.

The device supports three Saturation and Overflow
modes:

1. Bit 39 Overflow and Saturation:
When bit 39 overflow and saturation occurs, the
saturation logic loads the maximally positive 9.31
(Ox7FFFFFFFFF), or maximally negative 9.31
value (0x8000000000), into the target accumula-
tor. The SA or SB bit is set and remains set until
cleared by the user. This is referred to as ‘super
saturation’ and provides protection against erro-
neous data or unexpected algorithm problems
(e.g., gain calculations).

2. Bit 31 Overflow and Saturation:
When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally posi-
tive 1.31 value (0x007FFFFFFF), or maximally
negative 1.31 value (0x0080000000), into the
target accumulator. The SA or SB bit is set and
remains set until cleared by the user. When this
Saturation mode is in effect, the guard bits are
not used (so the OA, OB or OAB bits are never
set).

3. Bit 39 Catastrophic Overflow:
The bit 39 Overflow Status bit from the adder is
used to set the SA or SB bit, which remains set
until cleared by the user. No saturation opera-
tion is performed and the accumulator is allowed
to overflow (destroying its sign). If the COVTE
bit in the INTCON1 register is set, a catastrophic
overflow can initiate a trap exception.

2.6.2.2 Accumulator ‘Write Back’

The MAC class of instructions (with the exception of
MPY, MPY.N, ED and EDAC) can optionally write a
rounded version of the high word (bits 31 through 16)
of the accumulator that is not targeted by the instruction
into data space memory. The write is performed across
the X bus into combined X and Y address space. The
following addressing modes are supported:

1. W13, Register Direct:
The rounded contents of the non-target
accumulator are written into W13 as a
1.15 fraction.

2. [W13]+ =2, Register Indirect with Post-Increment:
The rounded contents of the non-target accu-
mulator are written into the address pointed to
by W13 as a 1.15 fraction. W13 is then
incremented by 2 (for a word write).

2.6.2.3 Round Logic

The round logic is a combinational block which
performs a conventional (biased) or convergent
(unbiased) round function during an accumulator write
(store). The Round mode is determined by the state of
the RND bit in the CORCON register. It generates a
16-bit, 1.15 data value which is passed to the data
space write saturation logic. If rounding is not indicated
by the instruction, a truncated 1.15 data value is stored
and the least significant word is simply discarded.

Conventional rounding zero-extends bit 15 of the accu-
mulator and adds it to the ACCxH word (bits 16 through
31 of the accumulator). If the ACCxL word (bits O
through 15 of the accumulator) is between 0x8000 and
O0xFFFF (0x8000 included), ACCxH is incremented. If
ACCxL is between 0x0000 and 0x7FFF, ACCxH is left
unchanged. A consequence of this algorithm is that
over a succession of random rounding operations, the
value tends to be biased slightly positive.

Convergent (or unbiased) rounding operates in the
same manner as conventional rounding, except when
ACCxL equals 0x8000. In this case, the Least Signifi-
cant bit (bit 16 of the accumulator) of ACCxH is
examined. If it is ‘1’, ACCxH is incremented. If itis ‘0’,
ACCxH is not modified. Assuming that bit 16 is
effectively random in nature, this scheme removes any
rounding bias that may accumulate.

The SAC and SAC.R instructions store either a
truncated (SAC), or rounded (SAC.R) version of the
contents of the target accumulator to data memory via
the X bus, subject to data saturation (see
Section 2.6.2.4 “Data Space Write Saturation”). For
the MAC class of instructions, the accumulator
write-back operation will function in the same manner,
addressing combined MCU (X and Y) data space
though the X bus. For this class of instructions, the data
is always subject to rounding.
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26.24 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 frac-
tional 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 written to memory is forced to the max-
imum positive 1.15 value, Ox7FFF. For input data less
than 0xFF8000, data written to memory is forced to the
maximum negative 1.15 value, 0x8000. The Most
Significant bit 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.

2.6.3 BARREL SHIFTER

The barrel shifter is capable of performing 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 pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and between bit positions 0 to 16 for
left shifts.

© 2006 Microchip Technology Inc.
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I/0 PORTS

This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

10.0

Note:

All of the device pins (except VDD, VssS, MCLR and
OSC1/CLKIN) are shared between the peripherals and
the parallel I/O ports. All I/O input ports feature Schmitt
Trigger inputs for improved noise immunity.

10.1  Parallel I/O (P1O) Ports

A parallel /O port that shares a pin with a peripheral is,
in general, subservient to the peripheral. The periph-
eral's output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0O pin. The logic also prevents “loop through”, in
which a port’s digital output can drive the input of a
peripheral that shares the same pin. Figure 10-1 shows
how ports are shared with other peripherals and the
associated I/O pin to which they are connected.

FIGURE 10-1:

BLOCK DIAGRAM OF A TYPICAL SHARED PORT STRUCTURE

When a peripheral is enabled and actively driving an
associated pin, the use of the pin as a general purpose
output pin is disabled. The I/O pin may be read, but the
output driver for the parallel port bit will be disabled. If
a peripheral is enabled, but the peripheral is not
actively driving a pin, that pin may be driven by a port.

All port pins have three registers directly associated
with their operation as digital I/O. The data direction
register (TRISx) determines whether the pin is an input
or an output. If the data direction bitis a ‘1’, then the pin
is an input. All port pins are defined as inputs after a
Reset. Reads from the latch (LATx), read the latch.
Writes to the latch, write the latch. Reads from the port
(PORTXx), read the port pins, while writes to the port
pins, write the latch.

Any bit and its associated data and control registers
that are not valid for a particular device will be
disabled. That means the corresponding LATx and
TRISx registers and the port pins will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs. An example is the
INT4 pin.

Note: - The voltage on a digital input pin can be

between -0.3V to 5.6V.
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10.2

In addition to the PORT, LAT and TRIS registers for
data control, each port pin can also be individually
configured for either digital or open-drain output. This is
controlled by the Open-Drain Control register, ODCx,
associated with each port. Setting any of the bits con-
figures the corresponding pin to act as an open-drain
output.

Open-Drain Configuration

The open-drain feature allows the generation of
outputs higher than VDD (e.g., 5V) on any desired digi-
tal only pins by using external pull-up resistors. (The
open-drain 1/O feature is not supported on pins which
have analog functionality multiplexed on the pin.) The
maximum open-drain voltage allowed is the same as
the maximum VIH specification. The open-drain output
feature is supported for both port pin and peripheral
configurations.

10.3 Configuring Analog Port Pins

The use of the ADxPCFGH, ADxPCFGL and TRIS
registers control the operation of the ADC port pins.
The port pins that are desired as analog inputs must
have their corresponding TRIS bit set (input). If the
TRIS bit is cleared (output), the digital output level (VoH
or VoL) is converted.

Clearing any bit in the ADxPCFGH or ADxPCFGL reg-
ister configures the corresponding bit to be an analog
pin. This is also the Reset state of any I/O pin that has
an analog (ANx) function associated with it.

In devices with two ADC modules, if the
corresponding  PCFG  bit in either
AD1PCFGH(L) and AD2PCFGH(L) is
cleared, the pin is configured as an analog
input.

Note:

When reading the PORT register, all pins configured as
analog input channels will read as cleared (a low level).

Pins configured as digital inputs will not convert an
analog input. Analog levels on any pin that is defined as
a digital input (including the ANx pins) can cause the
input buffer to consume current that exceeds the
device specifications.

Note: The voltage on an analog input pin can be

between -0.3V to (VDD + 0.3 V).

EXAMPLE 10-1:

PORT WRITE/READ EXAMPLE

10.4 1/O Port Write/Read Timing

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically, this instruction
would be a NOP.

10.5

The input change notification function of the I/O ports
allows the dsPIC33F devices to generate interrupt
requests to the processor in response to a
change-of-state on selected input pins. This feature is
capable of detecting input change-of-states even in
Sleep mode, when the clocks are disabled. Depending
on the device pin count, there are up to 24 external sig-
nals (CNO through CN23) that can be selected
(enabled) for generating an interrupt request on a
change-of-state.

Input Change Notification

There are four control registers associated with the CN
module. The CNEN1 and CNEN2 registers contain the
CN interrupt enable (CNxIE) control bits for each of the
CN input pins. Setting any of these bits enables a CN
interrupt for the corresponding pins.

Each CN pin also has a weak pull-up connected to it.
The pull-ups act as a current source that is connected
to the pin and eliminate the need for external resistors
when push button or keypad devices are connected.
The pull-ups are enabled separately using the CNPU1
and CNPU2 registers, which contain the weak pull-up
enable (CNxPUE) bits for each of the CN pins. Setting
any of the control bits enables the weak pull-ups for the
corresponding pins.

Note:

Pull-ups on change notification pins
should always be disabled whenever the
port pin is configured as a digital output.

MOV 0xFF00, WO ; Configure PORTB<15:8> as inputs
MOV W0, TRISBB ; and PORTB<7:0> as outputs

NOP ; Delay 1 cycle

btss PORTB, #13 ; Next Instruction

12
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