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Welcome to E-XFL.COM

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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Core Processor dsPIC

Core Size 16-Bit

Speed 40 MIPs

Connectivity I²C, IrDA, LINbus, SPI, UART/USART

Peripherals Brown-out Detect/Reset, DCI, DMA, I²S, POR, PWM, WDT

Number of I/O 35

Program Memory Size 32KB (32K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 2K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 3.6V

Data Converters A/D 13x10b/12b

Oscillator Type Internal

Operating Temperature -40°C ~ 150°C (TA)

Mounting Type Surface Mount

Package / Case 44-VQFN Exposed Pad

Supplier Device Package 44-QFN (8x8)
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FIGURE 2-1: RECOMMENDED 
MINIMUM CONNECTION
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2.3 CPU Logic Filter Capacitor 
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FIGURE 2-2: EXAMPLE OF MCLR  PIN 
CONNECTIONS
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3.6 Arithmetic Logic Unit (ALU)
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捯湣畲牥湴汹礠瑨攠獡浥 楮獴牵捴楯渠⡥⸬ EDⰠEDAC⤮

周攠䐀匀倠敮最楮攀慮 慬獯⁰攀牦潲洀
慣捵浵氀愀瑯爭瑯ⴀ愀捣畭畬慴潲灥牡瑩潮猠瑨慴敱甀
慤摩瑩潮慬愀琀愀⸠吀栀攀猀攀湳瑲畣瑩潮猠愀爀攠ADDⰠSUB渀搀
NEG⸀

周攠䑓倠敮最楮攠栀愀猠潰瑩潮猀敬攀捴敤⁴桲潵最栠扩
瑨攠䍐唠䍯牥⁃潮瑲潬敧椀獴攀爀 ⡃佒䍏丩Ⱐ愀猀 氀
扥汯眺

销 䘀牡捴楯湡氀 漀爀渀瑥来爠䑓倠浵氀琀楰汹 䥆⤀
销 匀楧渀敤爠畮獩最湥搀 䑓倠浵汴楰氀礀 ⡕匩
销 䌀潮癥湴楯渀愀氠潲潮癥牧攀湴 牯甀湤椀湧 剎䐩
销 䄀畴潭慴楣慴甀牡瑩潮渀⽯昀昀漀爠䅣捁 ⡓䄀
䅣捂 ⡓䄀吀䈩湤 睲椀琀攀猀⁴漠摡琀愠浥浯特 
⡓䄀吀䑗⤀

销 䄀捣畭畬慴潲⁓慴畲慴楯渀漀摥 獥汥捴楯渠⡁䍃ⴀ
十吩

䄠扬潣欠摩愀最牡洠潦 瑨攠䑓倠敮最楮攠楳桯眀渠楮
䙩杵牥㌀ⴳ⸀

TABLE 3-1: DSP INSTRUCTIONS 
SUMMARY

Instruction Algebraic 
Operation

ACC Write 
Back

CLR A = 0 奥猀
ED A = (x - y)2 乯
EDAC A = A + (x - y)2 乯
MAC A = A + (x * y) 奥猀
MAC A = A + x2 乯
MOVSAC 乯桡湧攠楮 䄀 夀敳
MPY A = x �  y 乯
MPY A = x2 乯
MPY.N A = - x �  y 乯
MSC A = A - x � y 奥猀
䑓㜰㈹お⵰愀来′㐀 � ′〰㜭㈰ㄱ⁍楣爀潣桩瀠吀攀捨湯汯最礠䥮挮
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㴠㈀
愀摤牥獳 浵獴

⸠䥮 瑨攠捡獥昀
氀映潦⁴栀攠䙆吀

砀攀挀畴敤

愀琀愀⁷物琀攀猀⸀
最潤攠潲潲
瑥搀

攀
獳
攀杩猭
猀
楳

慢氀敤

漀睥搠批
敲⁴桡琀 桡猀

獳畭攀
䔀䄀猀
氀敤
祴攀⤀

猀⁴漠摯
獵浥
䝕湤⁘

楬氀
㐮㘮㌀ 䴀佄啌传䅄䑒䕓匀䥎䜠
䅐偌䥃䅂䥌䥔夀

䵯摵氀漠䅤摲敳獩渀最愀渠戀攀灰氀楥搠瑯⁴桥⁅昀晥捴椀瘀攀
䅤摲敳猠⡅䄩慬捵氀慴楯渀獳潣楡瑥搀⁷楴栠慮礠圀
牥杩獴敲⸀

䅤摲敳猠扯甀湤愀物敳栀散欠景爠慤摲敳獥猠敱畡氠瑯㨀

销 吀栀攀 異灥爠戀潵湤慲礠愀摤牥獳敳 景爠椀渀捲敭敮瑩渀朠
扵昀晥牳

销 吀栀攀潷攀爠扯畮摡特 慤摲敳獥猠景爠搀攀捲敭敮瑩湧 
扵昀晥牳

䥴猠椀洀瀀漀牴愀渀琠瑯敡汩稀攀⁴栀慴⁴栀攠慤摲敳猠扯甀湤愀物敳
慬獯桥捫 景爠慤搀牥獳敳攀獳⁴桡渠潲爀敡瑥爠瑨愀渀
瑨敳攠愀摤牥獳攀献⁁搀摲敳猠捨慮来猠捡測⁴栀敲敦潲攬
橵浰敹漀湤潵渀摡物攀猠慮搠獴楬氠扥摪畳瑥搠捯牲攀挀瑬礀⸀

4.7 Bit-Reversed Addressing

䉩琭刀攀癥牳敤⁁摤爀攀獳楮朠浯摥 楳湴敮摥搀 瑯業灬楦礀
摡琀愠牥ⵯ牤攀爀楮朠景爠牡摩砭㈠䘀䘀吀汧漀物瑨浳⸠䥴猀
獵灰潲瑥搠批 瑨攀 堠䅇唠景爠摡琀愠睲楴敳 漀渀汹⸀

周攀潤椀晩敲Ⱐ眀栀楣栠捡渠戀攀 捯湳琀慮琠癡汵攠潲 牥杩獴敲
捯湴攀渀琀猀Ⱐ楳攀条牤敤猠桡癩湧 椀琀猠扩琠漀爀摥爠牥癥牳敤⸠周攀
慤摲敳猠獯畲捥 慮搀敳瑩渀愀瑩潮牥数琀渀潲浡氠潲摥爀⸀
周甀猀Ⱐ瑨攀湬礠潰攀牡湤敱甀楲楮朠牥癥牳愀氀猠瑨攠浯摩晩敲⸀

㐮㜮 䈀䥔ⵒ䕖䕒卅䐠䅄䑒䕓卉乇 
䥍偌䕍䔀一吀䄀呉低

䉩琭刀攀癥牳敤⁁摤牥猀獩湧潤攠楳湡戀汥搀 楮 慮礠潦
瑨敳攠獩瑵慴楯渀猀㨀

销 䈀坍楴猀 ⡗敧椀獴攀爀 獥氀攀捴椀潮⤠楮⁴桥⁍佄䍏丠
牥杩獴敲牥渀礠癡氀略瑨敲⁴栀慮ₑ15鈠⡴桥琀慣欠
捡湮潴攀 愀挀捥獳敤⁵獩湧 䉩琭剥癥牳攀搀 
䅤摲敳獩湧⤮

销 吀桥 䈀刀䕎楴猠獥琠楮 瑨攠塂剅嘠牥杩獴敲⸀
销 吀栀攀摤牥猀獩湧潤攠畳攀搀猠剥杩獴敲⁉渀摩牥捴 
睩瑨⁐牥ⵉ渀捲攀洀敮琠漀爀⁐潳琭䥮捲敭敮琮

䥦⁴桥攀湧瑨 潦椀琭牥癥牳敤 扵昀晥爠楳 䴠一祴敳Ⰰ
瑨攠污獴 酎鈠扩琀猀映瑨攠摡琀愠扵昀晥爠獴愀爀琠
扥⁺敲潳⸀ 

塂㰱㐀㨰㸠楳⁴桥⁂楴ⵒ敶敲獥搀⁁摤牥獳潤椀晩敲Ⱐ潲
酰楶潴⁰漀楮璒Ⱐ睨椀挀栠楳 瑹瀀椀捡汬礠愠捯湳琀愀湴
慮 䘀䘀吀漀浰畴慴楯測琀猠癡氀略猠敱甀慬⁴漠桡
摡琀愀甀昀昀敲楺攮 

坨敮 敮愀扬攀搀Ⱐ䉩琭剥癥牳攀搀⁁搀摲敳獩湧猀
潮汹 景爠剥杩獴敲⁉渀摩牥捴⁷楴栠偲攀ⴀ䥮捲敭敮琠潲
偯獴ⵉ渀挀牥浥湴⁁摤爀攀獳楮朠慮搀⁷漀牤楺攀搠搀
䥴 睩汬 湯琠晵渀挀瑩漀渀潲渀礠潴桥爠慤搀牥獳楮
批瑥楺敤慴愬 愀湤潲浡氀 慤摲敳獥猠慲攠来湥牡
楮獴敡搮 坨敮⁂椀琭剥癥牳敤⁁搀摲敳獩湧猠慣瑩癥Ⱐ瑨
圠䅤摲敳猠偯楮瑥爠椀猀汷愀祳 慤搀敤⁴漠瑨攠愀摤牥
浯摩晩攀爀 塂⤬渀搠瑨攠潦晳攀琀猀獯捩慴敤 睩瑨⁴桥⁒
瑥爠䥮摩牥捴⁁摤牥獳椀湧潤攀 楳杮漀牥搮⁉渠慤搀楴楯測
眀漀牤椀穥搠搀愀琀愀 椀猀攀煵椀爀敭敮琬 瑨攠䱓戠潦 瑨攠䕁 
楧湯牥搀 ⡡渀搀汷愀祳汥愀爩⸠

䥦⁂楴ⵒ攀癥牳敤⁁摤牥猀獩湧慳汲敡搀礠戀敥渀 敮
批整瑩湧⁴桥⁂刀䕎楴 塂剅嘼ㄵ㸩Ⱐ愠睲楴攠瑯⁴桥
塂剅嘠牥杩獴敲栀潵汤漀琠扥洀浥搀椀慴敬礠景汬
慮渀摩牥捴敡搀灥牡瑩漀渠甀猀楮朠瑨攠圠牥杩獴
扥敮敳楧湡瑥搀 慳⁴桥楴敶敲獥搀 瀀漀楮瑥爀⸀

Note: 周攠浯摵氀漠捯牲散瑥搀昀晥捴椀瘀攠慤摲攀猀猠楳
睲楴瑥渠戀愀捫⁴漠瑨攠牥最椀獴攀爀渀汹⁷栀敮
偲攭䵯摩晹爠偯獴ⵍ潤椀晹⁁摤牥猀獩湧
浯摥猠畳敤⁴漠捯浰畴攠瑨攀 敦晥捴楶攀
愀搀搀牥獳⸀ 圀栀敮渀搀搀爀攀獳昀昀猀攀琀 獵挀栠愀猀
字㜫圲崩猠畳攀搀Ⱐ䵯摵汯⁁摤牥獳
捯牲散瑩潮 楳⁰攀牦潲浥搀甀琠瑨攀潮瑥渀琀猀昀
瑨攠牥杩獴敲敭慩渀 畮捨慮来搮 

Note: 䅬氠扩琭牥癥牳敤⁅䄠捡氀挀甀氀慴楯渀猀
眀漀牤椀穥搀愀琀愀 ⡌卂昀瘀敲礠
慬睡祳汥愀爩⸠吀桥⁘䈠癡氀略猀 獣愀
慣捯牤楮杬礠瑯敮敲慴攠捯浰慴楢氀攀 戀
慤摲敳獥献

Note: 䵯摵氀漠䅤摲攀猀獩湧湤⁂楴ⵒ敶敲獥搀
䅤摲敳獩渀最 獨潵汤潴攠敮愀扬敤
瑯来瑨攀爀⸀ 䥦 慮灰汩捡瑩漀渠慴瑥浰琀
獯Ⱐ䉩琭刀攀癥牳敤⁁摤爀敳獩湧⁷楬氀 慳
灲楯爀椀瑹⁷栀敮捴楶攀漀爠瑨攀 堠圀䄀
圀䄀䝕⁍潤甀汯 䅤摲攀猀獩湧⁷楬氠扥
摩猀慢汥搀⸠䡯睥癥爀Ⰰ⁍潤畬漠䅤摲敳獩湧⁷
捯湴楮甀攀⁴漀甀湣瑩潮渠瑨攠堠剁䝕⸀
䑓㜰㈹お⵰愀来‴㠀 � ′〰㜭㈰ㄱ⁍楣爀潣桩瀠吀攀捨湯汯最礠䥮挮
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5.2 RTSP Operation
The dsPIC33FJ32GP202/204 and
dsPIC33FJ16GP304 Flash program memory array is
organized into rows of 64 instructions or 192 bytes.
RTSP allows the user application to erase a page of
memory, which consists of eight rows (512 instructions)
at a time, and to program one row or one word at a
time. The 8-row erase pages and single row write rows
are edge-aligned from the beginning of program
memory, on boundaries of 1536 bytes and 192 bytes,
respectively.

The program memory implements holding buffers that
can contain 64 instructions of programming data. Prior
to the actual programming operation, the write data
must be loaded into the buffers sequentially. The
instruction words loaded must always be from a group
of 64 boundary.

The basic sequence for RTSP programming is to set up
a Table Pointer, then do a series of TBLWT instructions
to load the buffers. Programming is performed by
setting the control bits in the NVMCON register. A total
of 64 TBLWTL and TBLWTH instructions are required
to load the instructions.

All of the table write operations are single-word writes
(two instruction cycles) because only the buffers are
written. A programming cycle is required for
programming each row.

5.3 Programming Operations
A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. The processor stalls (waits) until the
programming operation is finished.

The programming time depends on the FRC accuracy
(see Table 22-18) and the value of the FRC Oscillator
Tuning register (see Register 8-4). Use the following
formula to calculate the minimum and maximum values
for the Row Write Time, Page Erase Time, and Word
Write Cycle Time parameters (see Table 22-12). 

EQUATION 5-1: PROGRAMMING TIME

For example, if the device is operating at +125° C, the
FRC accuracy will be ±5%. If the TUN<5:0> bits (see
Register 8-4) are set to ‘b111111, the minimum row
write time is equal to Equation 5-2.

EQUATION 5-2: MINIMUM ROW WRITE 
TIME

The maximum row write time is equal to Equation 5-3.

EQUATION 5-3: MAXIMUM ROW WRITE 
TIME

Setting the WR bit (NVMCON<15>) starts the
operation, and the WR bit is automatically cleared
when the operation is finished.

5.4 Flash Memory Resources
Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

5.4.1 KEY RESOURCES
• Section 5. “Flash Programming” (DS70191)
• Code Samples
• Application Notes
• Software Libraries
• Webinars
• All related dsPIC33F/PIC24H Family Reference 

Manuals Sections
• Development Tools

5.5 Control Registers
The two SFRs that are used to read and write the
program Flash memory are: 

• NVMCON: Flash Memory Control Register
• NVMKEY: Nonvolatile Memory Key Register
The NVMCON register (Register 5-1) controls which
blocks are to be erased, which memory type is to be
programmed and the start of the programming cycle.

NVMKEY (Register 5-2) is a write-only register that is
used for write protection. To start a programming or
erase sequence, the user application must
consecutively write 0x55 and 0xAA to the NVMKEY
register. Refer to Section 5.3 “Programming
Operations” for further details.

T
7.37 MHz FRC Accuracy( )% FRC Tuning( )%××
----------------------------------------------------------------------------------------------------------------------------

TRW
11064 Cycles

7.37 MHz 1 0.05+( ) 1 0.00375–( )××
------------------------------------------------------------------------------------------------ 1.435ms==

Note: In the event you are not able to access
the product page using the link above,
enter this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en530331

TRW
11064 Cycles

7.37 MHz 1 0.05–( ) 1 0.00375–( )××
------------------------------------------------------------------------------------------------ 1.586ms==
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13.0 INPUT CAPTURE

The input capture module is useful in applications
requiring frequency (period) and pulse measurement.
The dsPIC33FJ32GP202/204 and dsPIC33FJ16GP304
devices support up to eight input capture channels. 

The input capture module captures the 16-bit value of
the selected Time Base register when an event occurs
at the ICx pin. The events that cause a capture event
are listed below in three categories:

• Simple Capture Event modes:
- Capture timer value on every falling edge of 

input at ICx pin
- Capture timer value on every rising edge of 

input at ICx pin
• Capture timer value on every edge (rising and 

falling).
• Prescaler Capture Event modes:

- Capture timer value on every 4th rising edge 
of input at ICx pin

- Capture timer value on every 16th rising 
edge of input at ICx pin

Each input capture channel can select one of two
16-bit timers (Timer2 or Timer3) for the time base.
The selected timer can use either an internal or
external clock.

Other operational features include:

• Device wake-up from capture pin during CPU 
Sleep and Idle modes

• Interrupt on input capture event
• 4-word FIFO buffer for capture values

- Interrupt optionally generated after 1, 2, 3 or 
4 buffer locations are filled

• Use of input capture to provide additional sources 
of external interrupts

FIGURE 13-1: INPUT CAPTURE BLOCK DIAGRAM 

Note 1: This data sheet summarizes the features
of the dsPIC33FJ32GP202/204 and
dsPIC33FJ16GP304 family of devices. It
is not intended to be a comprehensive
reference source. To complement the
information in this data sheet, refer to
Section 12. “Input Capture” (DS70198)
of the “dsPIC33F/PIC24H Family
Reference Manual”, which is available
from the Microchip web site
(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.

ICxBUF 

ICx Pin
ICM<2:0> (ICxCON<2:0>)

Mode Select3

1 0

Set Flag ICxIF
(in IFSn Register)

TMR2 TMR3

Edge Detection Logic

16 16

FIFO
R/W
Logic

ICxI<1:0>

ICOV, ICBNE (ICxCON<4:3>)

ICxCON
Interrupt

Logic

System Bus

From 16-bit Timers

ICTMR
(ICxCON<7>)

FI
FO

 

Prescaler
Counter
(1, 4, 16)

and
Clock Synchronizer

Note: An ‘x’ in a signal, register or bit name denotes the number of the capture channel.
© 2007-2011 Microchip Technology Inc. DS70290J-page 147

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




dsPIC33FJ32GP202/204 and dsPIC33FJ16GP304
bit 3 S: Start bit 
1 = Indicates that a Start (or Repeated Start) bit has been detected last
0 = Start bit was not detected last
Hardware set or clear when Start, Repeated Start or Stop detected.

bit 2 R_W: Read/Write Information bit (when operating as I2C slave)
1 = Read – indicates data transfer is output from slave
0 = Write – indicates data transfer is input to slave
Hardware set or clear after reception of I2C device address byte.

bit 1 RBF: Receive Buffer Full Status bit 
1 = Receive complete, I2CxRCV is full
0 = Receive not complete, I2CxRCV is empty
Hardware set when I2CxRCV is written with received byte. Hardware clear when software 
reads I2CxRCV.

bit 0 TBF: Transmit Buffer Full Status bit
1 = Transmit in progress, I2CxTRN is full
0 = Transmit complete, I2CxTRN is empty
Hardware set when software writes I2CxTRN. Hardware clear at completion of data transmission.

REGISTER 16-2: I2CxSTAT: I2Cx STATUS REGISTER (CONTINUED)
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