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PIC16C5X

3.1 Clocking Scheme/Instruction

Cycle

The clock input (OSC1/CLKIN pin) is internally divided
by four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter is incremented every Q1 and the instruc-
tion is fetched from program memory and latched into
the instruction register in Q4. It is decoded and exe-
cuted during the following Q1 through Q4. The clocks
and instruction execution flow are shown in Figure 3-2
and Example 3-1.

3.2

An Instruction Cycle consists of four Q cycles (Q1, Q2,
Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle,
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO),
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

Instruction Flow/Pipelining

In the execution cycle, the fetched instruction is latched
into the Instruction Register in cycle Q1. This instruc-
tion is then decoded and executed during the Q2, Q3
and Q4 cycles. Data memory is read during Q2 (oper-
and read) and written during Q4 (destination write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE
QL | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 I Q1 | Q2 | Q3 | Q4 !
OSCl//\_/ \_/ \_/ \ F\_//\/ /]
Qly—\ y \ y \ !
Q2 7 | / \ | / \ | Inr}ernal
phase
DL B \ i A i / \ || clock
ot ) A, ) [
PC PC X PC+1 X PC+2
OSC2/CLKOUT L—/—k—/—(—/i|
(RC mode) | | |
Fetch INST (PC)
| Execute INST (PC-1) Fetch INST (PC+1)
! Execute INST (PC) Fetch INST (PC+2)
| | Execute INST (PC+1)
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW H 55' Fetch 1 Execute 1
2. MOVWWF PORTB Fetch 2 Execute 2
3.CALL SUB 1 Fetch 3 Execute 3
4. BSF PORTA, BI T3 Fetch 4 Flush
Fetch SUB_1| Execute SUB_1

All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline, while the new instruction is being fetched and then executed.
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FIGURE 5-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD)

VDD J !
MCLR 1 o _

INTERNAL POR | '

TDRT
DRT TIME-OUT
INTERNAL RESET
FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): FAST VDD RISE
TIME
VDD J
MCLR
INTERNAL POR ' TDRT
DRT TIME-OUT
INTERNAL RESET
FIGURE 5-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): SLOW VDD RISE
TIME
_\/i
VDD
MCLR

INTERNAL POR | X
TDRT '
—

DRT TIME-OUT

INTERNAL RESET

When VDD rises slowly, the TDRT time-out expires long before VDD has reached its final value. In
this example, the chip will RESET properly if, and only if, V1 > VDD min
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8.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer (WDT), respectively (Section 9.2.1). For simplic-
ity, this counter is being referred to as “prescaler”
throughout this data sheet. Note that the prescaler may
be used by either the Timer0 module or the WDT, but
not both. Thus, a prescaler assignment for the Timer0
module means that there is no prescaler for the WDT,
and vice-versa.

The PSA and PS<2:0> bits (OPTION<3:0>) determine
prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1,
MOVWF 1, BSF 1,x, etc.) will clear the prescaler.
When assigned to WDT, a CLRWDT instruction will clear
the prescaler along with the WDT. The prescaler is nei-
ther readable nor writable. On a RESET, the prescaler
contains all '0's.

8.2.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software con-
trol (i.e., it can be changed “on the fly” during program
execution). To avoid an unintended device RESET, the
following instruction sequence (Example 8-1) must be
executed when changing the prescaler assignment
from TimerO to the WDT.

EXAMPLE 8-1: CHANGING PRESCALER

(TIMERO—WDT)

CLRWDT ;Clear WDT

CLRF TMRO ;jClear TMRO & Prescaler

MOVLW B'00xx1111’ ;Last 3 instructions in
this example

OPTION ;jare required only if
;desired

CLRWDT ;PS<2:0> are 000 or
;001

MOVLW B'00xx1xxx’ ;Set Prescaler to

OPTION ;jdesired WDT rate

To change prescaler from the WDT to the Timer0 mod-
ule, use the sequence shown in Example 8-2. This
sequence must be used even if the WDT is disabled. A
CLRWDT instruction should be executed before switch-
ing the prescaler.

EXAMPLE 8-2: CHANGING PRESCALER
(WDT—TIMERO)
CLRWDT ;Clear WDT and

iprescaler

;Select TMRO, new
jprescale value and
;clock source

MOVLW B'xxxx0xxx'

OPTION
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11.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can also
link relocatable objects from pre-compiled libraries,
using directives from a linker script.

The MPLIB object librarian is a librarian for pre-
compiled code to be used with the MPLINK object
linker. When a routine from a library is called from
another source file, only the modules that contain that
routine will be linked in with the application. This allows
large libraries to be used efficiently in many different
applications. The MPLIB object librarian manages the
creation and modification of library files.

The MPLINK object linker features include:

* Integration with MPASM assembler and MPLAB
C17 and MPLAB C18 C compilers.

 Allows all memory areas to be defined as sections
to provide link-time flexibility.

The MPLIB object librarian features include:

» Easier linking because single libraries can be
included instead of many smaller files.

* Helps keep code maintainable by grouping
related modules together.

* Allows libraries to be created and modules to be
added, listed, replaced, deleted or extracted.

11.5 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC-hosted environment by simulating the
PIC series microcontrollers on an instruction level. On
any given instruction, the data areas can be examined
or modified and stimuli can be applied from a file, or
user-defined key press, to any of the pins. The execu-
tion can be performed in single step, execute until
break, or trace mode.

The MPLAB SIM simulator fully supports symbolic debug-
ging using the MPLAB C17 and the MPLAB C18 C com-
pilers and the MPASM assembler. The software simulator
offers the flexibility to develop and debug code outside of
the laboratory environment, making it an excellent multi-
project software development tool.

11.6 MPLAB ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB ICE universal in-circuit emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC micro-
controllers (MCUs). Software control of the MPLAB ICE
in-circuit emulator is provided by the MPLAB Integrated
Development Environment (IDE), which allows editing,
building, downloading and source debugging from a
single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE in-circuit emulator system has been
designed as a real-time emulation system, with
advanced features that are generally found on more
expensive development tools. The PC platform and
Microsoft® Windows environment were chosen to best
make these features available to you, the end user.

11.7 ICEPIC In-Circuit Emulator

The ICEPIC low cost, in-circuit emulator is a solution
for the Microchip Technology PIC16C5X, PIC16C6X,
PIC16C7X and PIC16CXXX families of 8-bit One-
Time-Programmable (OTP) microcontrollers. The mod-
ular system can support different subsets of PIC16C5X
or PIC16CXXX products through the use of inter-
changeable personality modules, or daughter boards.
The emulator is capable of emulating without target
application circuitry being present.
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121

DC Characteristics: PIC16C54/55/56/57-RC, XT, 10, HS, LP (Commercial)

PIC16C54/55/56/57-RC, XT, 10, HS, LP Standard Operating Conditions (unless otherwise specified)
(Commercial) Operating Temperature 0°C < TA < +70°C for commercial
Param I . . . .
NoO Symbol Characteristic/Device Min Typt Max | Units Conditions

D001 VDD |Supply Voltage
PIC16C5X-RC 3.0 — 6.25 Y,
PIC16C5X-XT 3.0 — 6.25 \%
PIC16C5X-10 4.5 — 5.5 \%
PIC16C5X-HS 4.5 — 5.5 \%
PIC16C5X-LP 2.5 — 6.25 \%

D002 | VDR |RAM Data Retention Voltage?) 1.5% — V  |Device in SLEEP Mode

D003 VPOR |VDD Start Voltage to ensure Vss — \% See Section 5.1 for details on
Power-on Reset Power-on Reset

D004 SvbD |VDD Rise Rate to ensure 0.05* — — V/ms |See Section 5.1 for details on
Power-on Reset Power-on Reset

D010 Ibb  |Supply Current®
PIC16C5X-RC®) — 1.8 33 | mA |Fosc =4 MHz, Vbp = 5.5V
PIC16C5X-XT — 1.8 3.3 mA |Fosc =4 MHz, VbD = 5.5V
PIC16C5X-10 — 4.8 10 mA |Fosc =10 MHz, VbD = 5.5V
PIC16C5X-HS — 4.8 10 mA |Fosc =10 MHz, VbD = 5.5V
PIC16C5X-HS — 9.0 20 mA |Fosc =20 MHz, Vbb = 5.5V
PIC16C5X-LP — 15 32 pA  |Fosc = 32 kHz, Vbp = 3.0V,

WDT disabled
D020 IPo  |Power-down Current® — 4.0 12 pA  |VDD = 3.0V, WDT enabled
— 0.6 9 pA  |VDD = 3.0V, WDT disabled

* These parameters are characterized but not tested.

T Datain “Typ” column is based on characterization results at 25°C. This data is for design guidance only and is
not tested.

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern and temperature also have an impact on
the current consumption.

a) The test conditions for all IDD measurements in active Operation mode are: OSC1 = external square
wave, from rail-to-rail; all I/O pins tristated, pulled to Vss, TOCKI = Vbb, MCLR = VDD; WDT
enabled/disabled as specified.

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP
mode. The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through REXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (mA) with REXT in kQ.
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12.2

DC Characteristics: PIC16C54/55/56/57-RCl, XTI, 10l, HSI, LPI (Industrial)

PIC16C54/55/56/57-RCl, XTI, 10I, HSI, LPI Standard Operating Conditions (unless otherwise specified)
(Industrial) Operating Temperature —40°C < TA < +85°C for industrial
Param . . . . "
NoO Symbol Characteristic/Device Min Typt Max | Units Conditions

D001 VDD |Supply Voltage
PIC16C5X-RCI 3.0 — 6.25 \%
PIC16C5X-XTI 3.0 — 6.25 \%
PIC16C5X-10I 4.5 — 55 \%
PIC16C5X-HSI 4.5 — 55 \%
PIC16C5X-LPI 2.5 — 6.25 \%

D002 | VDR |RAM Data Retention Voltage!® | — 1.5% — V  |Device in SLEEP mode

D003 VPOR |VDD Start Voltage to ensure — Vss — \% See Section 5.1 for details on
Power-on Reset Power-on Reset

D004 | Svbp |VDD Rise Rate to ensure 0.05* — — | VIms |See Section 5.1 for details on
Power-on Reset Power-on Reset

D010 Ibb  |Supply Current®
PIC16C5X-RCI®) — 1.8 33 | mA |Fosc =4 MHz, Vbp = 5.5V
PIC16C5X-XTI — 1.8 3.3 mA |Fosc =4 MHz, VbD = 5.5V
PIC16C5X-10I — 4.8 10 mA |Fosc = 10 MHz, VDD = 5.5V
PIC16C5X-HSI — 4.8 10 mA |Fosc =10 MHz, VbD = 5.5V
PIC16C5X-HSI — 9.0 20 mA |Fosc =20 MHz, Vbb = 5.5V
PIC16C5X-LPI — 15 40 pA  |Fosc = 32 kHz, Vbp = 3.0V,

WDT disabled
D020 Ip0  |Power-down Current® — 4.0 14 pA  |VDD = 3.0V, WDT enabled
— 0.6 12 pA  |VDD = 3.0V, WDT disabled

Note 1:

These parameters are characterized but not tested.

Data in “Typ” column is based on characterization results at 25°C. This data is for design guidance only and is
not tested.

This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern and temperature also have an impact on
the current consumption.
a) The test conditions for all IDD measurements in active Operation mode are: OSC1 = external square
wave, from rail-to-rail; all I/O pins tristated, pulled to Vss, TOCKI = Vbb, MCLR = VDD; WDT
enabled/disabled as specified.
b) For standby current measurements, the conditions are the same, except that the device is in SLEEP
mode. The power-down current in SLEEP mode does not depend on the oscillator type.
Does not include current through REXT. The current through the resistor can be estimated by the formula:
IR = VDD/2REXT (mA) with REXT in kQ.
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TABLE 14-2: INPUT CAPACITANCE FOR
PIC16C54/56

Typical Capacitance (pF)

Pin
18L PDIP 18L SoOIC
RA port 5.0 4.3
RB port 5.0 4.3
MCLR 17.0 17.0
OSC1 4.0 3.5
OSC2/CLKOUT 4.3 3.5
TOCKI 3.2 2.8

All capacitance values are typical at 25°C. A part-to-part
variation of £25% (three standard deviations) should be

taken into account.

TABLE 14-3: INPUT CAPACITANCE FOR
PIC16C55/57

Typical Capacitance (pF)

Pin 28L PDIP 28L SOIC
(600 mil)
RA port 5.2 4.8
RB port 5.6 4.7
RC port 5.0 4.1
MCLR 17.0 17.0
OSC1 6.6 3.5
OSC2/CLKOUT 4.6 35
TOCKI 4.5 3.5

All capacitance values are typical at 25°C. A part-to-part
variation of £25% (three standard deviations) should be

taken into account.
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15.1 DC Characteristics: PIC16C54A-04, 10, 20 (Commercial)
PIC16C54A-041, 10I, 201 (Industrial)
PIC16LC54A-04 (Commercial)
PIC16LC54A-04I (Industrial)
PIC16LC54A-04 Standard Operating Conditions (unless otherwise specified)
PIC16LC54A-04I Operating Temperature 0°C < TA < +70°C for commercial
(Commercial, Industrial) —40°C < TA < +85°C for industrial
PIC16C54A-04, 10, 20 Standard Operating Conditions (unless otherwise specified)
PIC16C54A-041, 10I, 20l Operating Temperature 0°C < TA < +70°C for commercial
(Commerecial, Industrial) —40°C < TA < +85°C for industrial
Pilr;m Symbol Characteristic/Device Min | Typt | Max | Units Conditions
IPp | Power-down Current®
D006 PIC1I6LCSX | — 25 | 12 | pA |VDD = 2.5V, WDT enabled, Commercial
— 0.25 | 40 | pA |VDD= 2.5V, WDT disabled, Commercial
— 25 14 | pA | VDD = 2.5V, WDT enabled, Industrial
— 0.25 | 5.0 | pA |VDD =25V, WDT disabled, Industrial
DO06A PIC16C5X| — 4.0 12 pA | VDD = 3.0V, WDT enabled, Commercial
— 0.25 | 40| pA |VDD = 3.0V, WDT disabled, Commercial
— 5.0 14 | pA | VDD = 3.0V, WDT enabled, Industrial
— 0.3 | 50| pA |VDD=3.0V, WDT disabled, Industrial
Legend: Rows with standard voltage device data only are shaded for improved readability.

*  These parameters are characterized but not tested.

T Datain “Typ” column is based on characterization results at 25°C. This data is for design guidance only and
is not tested.

Note 1. This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern and temperature also have an impact on
the current consumption.

a) The test conditions for all IDD measurements in active Operation mode are: OSC1 = external square
wave, from rail-to-rail; all I/O pins tristated, pulled to Vss, TOCKI = Vbb, MCLR = VbD; WDT enabled/
disabled as specified.

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP
mode. The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through REXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (mA) with REXT in kQ.
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FIGURE 16-22: PORTA, B AND C loL vs. FIGURE 16-23:

VoL, VbD = 3V

PORTA, B AND C loL vs.
VoL, VDD = 5V

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)

45 90
40 mﬂ 80 ﬂ—m"c -
35 70
30 / 60 /
ﬁ +25°C

Typ +25°C

loL (MmA)
N
(6]
\
oL (mA)
g
\

20

40

| —
m +85°C

All capacitance values are typical at 25°C. A part-to-part
variation of £25% (three standard deviations) should be

taken

into account.

15 30
/ L | Mmin+ss°C
10 / 20
5 10 /
0 0
VoL (Volts) VoL (Volts)
TABLE 16-2: INPUT CAPACITANCE FOR
PIC16C54A/C58A
Typical Capacitance (pF)
Pin
18L PDIP 18L sOIC
RA port 5.0 4.3
RB port 5.0 4.3
MCLR 17.0 17.0
0scC1 4.0 35
OSC2/CLKOUT 4.3 35
TOCKI 3.2 2.8
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19.3 Timing Parameter Symbology and Load Conditions

The timing parameter symbols have been created with one of the following formats:

1. TppS2ppS
2. TppS
T
F  Frequency T Time
Lowercase letters (pp) and their meanings:
pp _
2 to mc MCLR
ck CLKOUT osc oscillator
cy cycletime os 0OSC1
drt device reset timer t0  TOCKI
io 1/O port wdt watchdog timer
Uppercase letters and their meanings:
S
F Fall P  Period
H High R Rise
| Invalid (Hi-impedance) V  Valid
L Low Z Hi-impedance
FIGURE 19-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS -

PIC16C54C/C55A/C56A/C57C/C58B-40

CL .
operation between
20 MHz to 40 MHz

Pin CL = 50 pF for all pins except OSC2
% 0 pF for OSC2 in HS mode for

Vss
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FIGURE 20-2: TYPICAL IpD vs. VDD, WATCHDOG ENABLED (25°C)
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
25
20
15
<
2
g
) /
5.0
L
T
0
2.5 3.0 4.0 4.5 5.0 5 6.0
VDD (Volts)
FIGURE 20-3: TYPICAL IpD vs. VDD, WATCHDOG ENABLED (-40°C, 85°C)
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
35
30
25
20
<
2
fa)
4 15
50 AOOC) /
/ /
0 L | (+85°C)
2.5 3.0 4.0 4.5 5.0 55 6.0
VDD (Volts)
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18-Lead Plastic Small Outline (SO) — Wide, 300 mil (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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B n —] O —11
h —] |e——
o [--—
45°
{ P !
L A2

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 18 18

Pitch p .050 1.27

Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width E1l 291 .295 .299 7.39 7.49 7.59
Overall Length D 446 454 462 11.33 11.53 11.73
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle [0 0 4 8 0 4 8
Lead Thickness c .009 .011 .012 0.23 0.27 0.30
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top [ 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-013

Drawing No. C04-051
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28-Lead Ceramic Dual In-line with Window (JW) — 600 mil (CERDIP)

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

[t—— E] ——]
7
Cil r
Ll [ r
W 1 ]
Y T
Cill [P
Ll r 5
Ll [ r
Cil r
Ll [
Cill ]
Cill r
q] 2
" el
N +
[ ]
| | \\ Ay e
/ c J L L
B1 }
eB Al
B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .195 .210 .225 4.95 5.33 5.72
Ceramic Package Height A2 .155 .160 .165 3.94 4.06 4.19
Standoff Al .015 .038 .060 0.38 0.95 1.52
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Ceramic Pkg. Width E1l .514 .520 .526 13.06 13.21 13.36
Overall Length D 1.430 1.460 1.490 36.32 37.08 37.85
Tip to Seating Plane L .125 .138 .150 3.18 3.49 3.81
Lead Thickness c .008 .010 .012 0.20 0.25 0.30
Upper Lead Width B1 .050 .058 .065 1.27 1.46 1.65
Lower Lead Width B .016 .020 .023 0.41 0.51 0.58
Overall Row Spacing § eB .610 .660 710 15.49 16.76 18.03
Window Diameter w .270 .280 .290 6.86 7.11 7.37

* Controlling Parameter

§ Significant Characteristic
JEDEC Equivalent: MO-103
Drawing No. C04-013
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
FlashFlex, KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro,
PICSTART, PIC32 logo, rfPIC, SST, SST Logo, SuperFlash
and UNI/O are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MTP, SEEVAL and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

Analog-for-the-Digital Age, Application Maestro, BodyCom,
chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiWi, MPASM, MPF, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICKkit,
PICtail, REAL ICE, rfLAB, Select Mode, SQI, Serial Quad /O,
Total Endurance, TSHARC, UniWinDriver, WiperLock, ZENA
and Z-Scale are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

GestIC and ULPP are registered trademarks of Microchip
Technology Germany Il GmbH & Co. & KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 1997-2013, Microchip Technology Incorporated, Printed in
the U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.
ISBN: 9781620769355

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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MICROCHIP

Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260

Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509
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ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8569-7000
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hangzhou
Tel: 86-571-2819-3187
Fax: 86-571-2819-3189

China - Hong Kong SAR
Tel: 852-2943-5100

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8864-2200
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049
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ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Osaka
Tel: 81-6-6152-7160
Fax: 81-6-6152-9310

Japan - Tokyo
Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7828
Fax: 886-7-330-9305
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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