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PIC16C5X

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16C5X family can be
attributed to a number of architectural features com-
monly found in RISC microprocessors. To begin with,
the PIC16C5X uses a Harvard architecture in which
program and data are accessed on separate buses.
This improves bandwidth over traditional von Neumann
architecture where program and data are fetched on
the same bus. Separating program and data memory
further allows instructions to be sized differently than
the 8-bit wide data word. Instruction opcodes are 12
bits wide making it possible to have all single word
instructions. A 12-bit wide program memory access
bus fetches a 12-bit instruction in a single cycle. A two-
stage pipeline overlaps fetch and execution of instruc-
tions. Consequently, all instructions (33) execute in a
single cycle except for program branches.

The PIC16C54/CR54 and PIC16C55 address 512 x 12
of program memory, the PIC16C56/CR56 address
1K x 12 of program memory, and the PIC16C57/CR57
and PIC16C58/CR58 address 2K x 12 of program
memory. All program memory is internal.

The PIC16C5X can directly or indirectly address its
register files and data memory. All special function reg-
isters including the program counter are mapped in the
data memory. The PIC16C5X has a highly orthogonal
(symmetrical) instruction set that makes it possible to
carry out any operation on any register using any
addressing mode. This symmetrical nature and lack of
‘special optimal situations’ make programming with the
PIC16C5X simple yet efficient. In addition, the learning
curve is reduced significantly.

The PIC16C5X device contains an 8-bit ALU and work-
ing register. The ALU is a general purpose arithmetic
unit. It performs arithmetic and Boolean functions
between data in the working register and any register
file.

The ALU is 8 bits wide and capable of addition, subtrac-
tion, shift and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment in nature. In two-operand instructions, typically
one operand is the W (working) register. The other
operand is either a file register or an immediate con-
stant. In single operand instructions, the operand is
either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a borrow and digit borrow out bit, respec-
tively, in subtraction. See the SUBWF and ADDWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
the corresponding device pins described in Table 3-1
(for PIC16C54/56/58) and Table 3-2 (for PIC16C55/
57).

© 1997-2013 Microchip Technology Inc.
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PIC16C5X

6.7 Indirect Data Addressing; INDF
and FSR Registers

The INDF Register is not a physical register.

Addressing INDF actually addresses the register

whose address is contained in the FSR Register (FSR
is a pointer). This is indirect addressing.

EXAMPLE 6-1: INDIRECT ADDRESSING

 Register file 08 contains the value 10h

» Register file 09 contains the value 0Ah

» Load the value 08 into the FSR Register

» Aread of the INDF Register will return the value
of 10h

« Increment the value of the FSR Register by one
(FSR = 09h)

» A read of the INDF register now will return the
value of OAh.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF Register indirectly results in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAM locations 10h-1Fh
using indirect addressing is shown in Example 6-2.

EXAMPLE 6-2: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
MOVLW H'10' ;initialize pointer
MOVWF FSR ; to RAM
NEXT CLRF INDF ;clear INDF Register
INCF FSR,F ;inc pointer
BTFSC FSR,4 ;all done?
GOTO NEXT ;NO, clear next
CONTINUE

;YES, continue

The FSR is either a 5-bit (PIC16C54, PIC16CR54,
PIC16C55, PIC16C56, PIC16CR56) or 7-bit
(PIC16C57, PIC16CR57, PIC16C58, PIC16CR58)
wide register. It is used in conjunction with the INDF
Register to indirectly address the data memory area.

The FSR<4:0> bits are used to select data memory
addresses 00h to 1Fh.

PIC16C54, PIC16CR54, PIC16C55, PIC16C56,
PIC16CR56: These do not use banking. FSR<6:5> bits
are unimplemented and read as '1's.

PIC16C57, PIC16CR57, PIC16C58, PIC16CR58:
FSR<6:5> are the bank select bits and are used to
select the bank to be addressed (00 bank 0,
01 =bank 1, 10 = bank 2, 11 = bank 3).

Indirect Addressing

(FSR)
6 5 4 3 2 1 0
HEEEEEN
- A

location select

FIGURE 6-10: DIRECT/INDIRECT ADDRESSING
Direct Addressing
(FSR) (opcode)
6 5 4 3 2 1 o0
bank select location select
- | 01

bank

10 11

00
L |
|

Addresses map back to
addresses in Bank 0.

<
-

5Fh 7Fh

Data OFh
Memory®  10p
1Fh 3Fh
Bank O Bank 1

Note 1: For register map detail see Section 6.2.

Bank 2 Bank 3
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PIC16C5X

8.0 TIMERO MODULE AND TMRO

REGISTER

The TimerO module has the following features:

 8-bit timer/counter register, TMRO

- Readable and writable
« 8-bit software programmable prescaler
« Internal or external clock select

- Edge select for external clock

Figure 8-1 is a simplified block diagram of the Timer0
module, while Figure 8-2 shows the electrical structure
of the TimerO0 input.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In Timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
TMRO register is written, the increment is inhibited for
the following two cycles (Figure 8-3 and Figure 8-4).
The user can work around this by writing an adjusted
value to the TMRO register.

Counter mode is selected by setting the TOCS bit
(OPTION<5>). In this mode, TimerO will increment
either on every rising or falling edge of pin TOCKI. The
incrementing edge is determined by the source edge
select bit TOSE (OPTION<4>). Clearing the TOSE bit
selects the rising edge. Restrictions on the external
clock input are discussed in detail in Section 8.1.

Note: The prescaler may be used by either the

Timer0 module or the Watchdog Timer, but

not both.

The prescaler assignment is controlled in software by
the control bit PSA (OPTION<3>). Clearing the PSA bit
will assign the prescaler to TimerO. The prescaler is not
readable or writable. When the prescaler is assigned to
the TimerO0 module, prescale values of 1:2, 1:4,..,
1:256 are selectable. Section 8.2 details the operation
of the prescaler.

A summary of registers associated with the TimerQ
module is found in Table 8-1.

FIGURE 8-1: TIMERO BLOCK DIAGRAM
Data Bus
Fosc/4 0 PSout 8
* 1
Sync with

ﬁ] 11 —— Internal TMRO reg

TOCKI ‘ 7 Programmab)le ) Clocks PSout

pin Prescaler Svn
TosE® (2 cycle delay) =YNC
b
Ps2, Ps1, Pso®  psA®)
Tocs®

(Section 6.4).

Note 1: Bits TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register

2: The prescaler is shared with the Watchdog Timer (Figure 8-6).

FIGURE 8-2: ELECTRICAL STRUCTURE OF TOCKI PIN
RIN
. W\ {bc
TOCKI 1) Schmitt Trigger
pin (1) N Input Buffer
Vss Vss

Note 1: ESD protection circuits.

© 1997-2013 Microchip Technology Inc.
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NOTES:
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11.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
* Integrated Development Environment
- MPLAB® IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Obiject Linker/
MPLIB™ Obiject Librarian

e Simulators
- MPLAB SIM Software Simulator
« Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ In-Circuit Emulator
« In-Circuit Debugger
- MPLAB ICD
« Device Programmers
- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

* Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoq® Demonstration Board

11.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:
< An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
A full-featured editor
» A project manager
» Customizable toolbar and key mapping
* A status bar
* On-line help

The MPLAB IDE allows you to:

« Edit your source files (either assembly or ‘C’)

* One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools (auto-
matically updates all project information)

» Debug using:

- source files
- absolute listing file
- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-
effective simulator to a full-featured emulator with
minimal retraining.

11.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PIC MCUs.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

* Integration into MPLAB IDE projects.

» User-defined macros to streamline assembly
code.

 Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

11.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.

© 1997-2013 Microchip Technology Inc.
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PIC16C5X

FIGURE 13-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING - PIC16CR54A
. S/
VDD / ;
l Iz
' 2
MCLR ; \ ¥
: S0 «
Internal ) ) 2
POR \
- 32 . ! 2 . 32
 DRT : :
Time-out ' ,
' Z 1 9 .
Internal P2
RESET

Watchdog : : : ! () :
Timer : . : :
RESET . ' !

SNV

(Note 1) : ' ' f S

Note 1: Please refer to Figure 13.1 for load conditions.

TABLE 13-3: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC16CR54A

Standard Operating Conditions (unless otherwise specified)

Operating Temperature 0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended

AC Characteristics

Param
No. Symbol Characteristic Min | Typt | Max | Units Conditions
30 TmcL [MCLR Pulse Width (low) 1.0* — — us |VbbD = 5.0V
31 Twdt |Watchdog Timer Time-out Period 7.0 | 18* 40* ms |VDD =5.0V (Comm)
(No Prescaler)
32 ToRT |Device Reset Timer Period 7.0 | 18* 30* ms |VDD = 5.0V (Comm)
34 Tioz |I/O Hi-impedance from MCLR Low | — — 1.0* us

*

These parameters are characterized but not tested.

Tt Datain the Typical (“Typ”) column is at 5.0V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.

© 1997-2013 Microchip Technology Inc. Preliminary DS30453E-page 89
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FIGURE 14-15:  WDT TIMER TIME-OUT
PERIOD vs. VppV)

FIGURE 14-16:

TRANSCONDUCTANCE
(gm) OF HS OSCILLATOR
vs. VDD

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C) Typical: . o
g X o o ypical: statistical mean @ 25°C
Minimum: mean — 3s (-40°C to 125°C) Maximum: mean + 3s (-40°C to 125°C)
50 Minimum: mean — 3s (-40°C to 125°C)
9000
45 \ /
8000
20 \ Max —40°C
7000
35
7 6000
= 30
-8 Max +85°C
L S 5000
= Typ +25°C
9 25 § |~
Max +70°C E 4000
20 !
Typ +25°C
~ 2" 3000 -
15
~_ /Mln +85°C
Min 0°C
2000
~— \\
10
Min —|40°C 100
5
2.0 3.0 4.0 5.0 6.0 7.0
0
Voo (Volts) 20 30 40 50 60 70
Note 1: Prescaler setto 1:1.
VDD (Volts)
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FIGURE 14-17: TRANSCONDUCTANCE FIGURE 14-18: TRANSCONDUCTANCE
(gm) OF LP OSCILLATOR (gm) OF XT OSCILLATOR
vs. VDD vs. VDD
Typical: statistical mean @ 25°C Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C) Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C) Minimum: mean — 3s (-40°C to 125°C)
45 2500
40
Max —40°C
Max —40°C
2000
35
30
1500
25
> < Typ +25°C
EE Typ +25°C <
§ 2 / E 1000
L
15 ]
/ Min +85°C
500
10
Min +85°C
A
5 —
02.0 3.0 4.0 5.0 6.0 7.0
02.0 3.0 4.0 5.0 6.0 7.0 VDD (Volts)
VDD (Volts)
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PIC16C5X

15.0 ELECTRICAL CHARACTERISTICS - PIC16C54A

Absolute Maximum Ratings(")

Ambient temperature UNAEr DIBS.........ccoiiiiiiiiiiie e -55°C to +125°C
SEOrage tEMPEIALUIE ....eiiiiiiitie ettt et e e e e ea bt e e e e eab bt et e e e e ab bbb e ee e e e sbb e e e e e e nabeeeeeanas —65°C to +150°C
Voltage on VDD with respect to Vss ............ 0to +7.5V
Voltage 0N MCLR With T@SPECE 10 VSS.........vueeeeeeseeeeeeseeeeseessee s seesesee s seesseessees s nes e eenes e e 0 to +14V
Voltage on all other pins With reSPECE 10 VSS ......cociiiiiiieeie e —0.6V to (VoD + 0.6V)
Total POWET AISSIPALONMD ..ottt 800 mW
MaX. CUITENE OUL OF WSS PN ...ttt ettt et s et e e en e e e nane e e snneeeesneees 150 mA
MaX. CUITENE MO VDD PN ..veeeitiiieiiieieetiiee sttt ettt e e st e e sttt e e sbe e e e sttt e e sabe e e s bt eeeastee e smneee e abeeeeanbeeesabeaeenbeeeesbeene 100 mA
Max. current into an input Pin (TOCKI ONIY) ....ooviiiiiiieicecee ettt ese b se b sees +500 pA
Input clamp current, K (V1 <10 OF VI 3 VDD)...o.voiouiiiieieieiieteieteiiet ettt ettt tese s bt es e se s esesessesesesenen +20 mA
Output clamp current, IOK (VO < 0 OF VO > VDD) .....coviuiieiiieiiiieieieeee ittt ssese st sse e ssassesessesessesessessessssasens +20 mA
Max. output current SUNK BY @ny 1/O PIN .....ooiiiiiiiie ettt st b e et enees

Max. output current sourced by any I/O pin
Max. output current sourced by a single 1/0 port (PORTA or B)
Max. output current sunk by a single 1/O port (PORTA OF B) .....ooiiiiiiiiieeeiiee et

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - X IoH} + X {(VDD-VOH) x loH} + > (VoL x loL)

T NOTICE: Stresses above those listed under "Maximum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indi-
cated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

© 1997-2013 Microchip Technology Inc. Preliminary DS30453E-page 103
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15.5 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 OSC1
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
I Invalid (Hi-impedance) V  Valid
L Low Z Hi-impedance
FIGURE 15-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS - PIC16C54A

CL

Pin @j
I

Vss

CL= 50 pF for all pins and OSC2 for RC modes

0-15pF for OSC2 in XT, HS or LP modes when
external clock is used to drive OSC1

DS30453E-page 110

Preliminary

© 1997-2013 Microchip Technology Inc.



PIC16C5X

FIGURE 16-9: VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
45
4.0 °C)
+39
35 (A >
. Mo
N 500
& 3.0 \‘\\,\ Wp 850(;\
S _a0°
2 25 / W ain &
=
Z 20
I
~ 5°C)
15 ViL max (-40°C 1o +8 ]
1.0 | Vil typ +25°C
—— I
[ —
L o
0.5 ———— VL min (~40°C to +85°C) —
—
N
0.0 | |
2.5 3.0 4.0 4.5 5.0 5.5 6.0
VDD (Volts)
Note: These input pins have Schmitt Trigger input buffers.
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FIGURE 17-3: PIC16LC54C/55A/56A/57C/58B VOLTAGE-FREQUENCY GRAPH,
0°C < Tp < +85°C

6.0

55

5.0

VDD 45

\olts
(Volts) 40

3.5

3.0

2.5

2.0

0 4 10 20 25
Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

2: The maximum rated speed of the part limits the permissible combinations of voltage and frequency.
Please reference the Product Identification System section for the maximum rated speed of the parts.

FIGURE 17-4: PIC16LC54C/55A/56A/57C/58B VOLTAGE-FREQUENCY GRAPH,
-40°C < Tp < 0°C

6.0

55

5.0

VDD 45

\olts
(Volts) 40

3.5

3.0

2.7
2.5

2.0

0 4 10 20 25
Frequency (MHz)

Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

2: The maximum rated speed of the part limits the permissible combinations of voltage and frequency.
Please reference the Product Identification System section for the maximum rated speed of the parts.

© 1997-2013 Microchip Technology Inc. Preliminary DS30453E-page 133



PIC16C5X

17.1 DC Characteristics:PIC16C54C/C55A/C56A/C57C/C58B-04, 20 (Commercial, Industrial)
PIC16LC54C/LC55A/LC56A/LC57C/LC58B-04 (Commercial, Industrial)
PIC16CR54C/CR56A/CR57C/CR58B-04, 20 (Commercial, Industrial)
PIC16LCR54C/LCR56A/LCR57C/LCR58B-04 (Commercial, Industrial)

PIC16LC5X Standard Operating Conditions (unless otherwise specified)

PIC16LCR5X Operating Temperature 0°C < TA < +70°C for commercial

(Commercial, Industrial)

—40°C < TA < +85°C for industrial

PIC16C5X Standard Operating Conditions (unless otherwise specified)
PIC16CR5X Operating Temperature 0°C < TA < +70°C for commercial
(CommerciaL |ndustria|) —40°C < TA < +85°C for industrial
Param - . . . .
NoO Symbol Characteristic/Device Min | Typt | Max | Units Conditions
IPo | Power-down Current®
D020 PIC16LCS5X| — 0.25 2 pA | VDD = 2.5V, WDT disabled, Commercial
— 0.25 3 pA | VDD = 2.5V, WDT disabled, Industrial
— 1 5 pA | VDD = 2.5V, WDT enabled, Commercial
— 1.25 8 pA | VDD = 2.5V, WDT enabled, Industrial
D020A PIC16C5X | — 0.25 | 4.0 pA | VDD = 3.0V, WDT disabled, Commercial
— 0.25 | 5.0 pA | VDD = 3.0V, WDT disabled, Industrial
— 18 |7.00| pA |VDD=5.5V, WDT disabled, Commercial
— 20 |[8.0*| pA |VDD=5.5V, WDT disabled, Industrial
— 4 12* pA | VDD = 3.0V, WDT enabled, Commercial
— 4 14* pA | VDD = 3.0V, WDT enabled, Industrial
— 9.8 27* pA | VDD = 5.5V, WDT enabled, Commercial
— 12 30* pA | VDD = 5.5V, WDT enabled, Industrial
Legend: Rows with standard voltage device data only are shaded for improved readability.

*  These parameters are characterized but not tested.

T Datain “Typ” columnis at 5V, 25°C, unless otherwise stated. These parameters are for design guidance only, and
are 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 con-
sumption.

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 = VDD, 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.

DS30453E-page 136
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17.2 DC Characteristics: PIC16C54C/C55A/C56A/C57C/C58B-04E, 20E (Extended)
PIC16CR54C/CR56A/CR57C/CR58B-04E, 20E (Extended)
PIC16C54C/C55A/C56A/C57C/C58B-04E, 20E Standard Operating Conditions (unless otherwise specified)
PIC16CR54C/CR56A/CR57C/CR58B-04E, 20E Operating Temperature  —40°C < TA < +125°C for extended
(Extended)
Pilrs\m Symbol Characteristic Min | Typt | Max | Units Conditions
D001 VDD |Supply Voltage RC, XT, LP, and HS mode
3.0 — 5.5 V |from O - 10 MHz
4.5 — 5.5 V [from 10 - 20 MHz
D002 | VDR |RAM Data Retention Voltage® | — | 1.5+ | — | V [Device in SLEEP mode
D003 VPOR |VDD start voltage to ensure — Vss | — V [See Section 5.1 for details on
Power-on Reset Power-on Reset
D004 SvbD |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®@
XT and RC® modes — | 1.8 | 33| mA |Fosc=4.0 MHz, Vbb = 5.5V
HS mode — 9.0 20 | mA [Fosc =20 MHz, VbD = 5.5V
D020 Ipo  |Power-down Current® — 0.3 | 17 | pwA |VvpbD=3.0V, WDT disabled
— 10 50* | wA |VDD = 4.5V, WDT disabled
— 12 | 60* | pA |VDD =5.5V, WDT disabled
— 4.8 31* | wA |VDD = 3.0V, WDT enabled
— 18 68* | pA |VDD = 4.5V, WDT enabled
— 26 90* | pA |VDD =5.5V, WDT enabled

*  These parameters are characterized but not tested.

T Datain“Typ” columnis at 5V, 25°C, unless otherwise stated. These parameters are for design guidance only,
and are 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 17-7: CLKOUT AND 1I/O TIMING - PIC16C5X, PIC16CR5X
osc1 X . .
CLKOUT \K Lo : ll,(l :
:—D':L - oo ! : — 2:<— :
- 3 4 ; 19 ,*18* - _1>:<_16 -
1/0 Pin ' , ' \
(input) Y , : : :
! 4—]_7 —— : : 15 : X !
I({)?Jtlpa)iur}) Old Value X New Value
20, 21
Note: Refer to Figure 17-5 for load conditions.
TABLE 17-2: CLKOUT AND I/O TIMING REQUIREMENTS - PIC16C5X, PIC16CR5X
Standard Operating Conditions (unless otherwise specified)
i Operating Temperature 0°C < TA < +70°C for commercial
AC Characteristics —40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended
Pzrgm Symbol Characteristic Min Typt Max Units
10 TosH2ckL |0SC17 to CLKOUT W — 15 30% ns
1 TosH2ckH |0SC17T to CLKOUTT — 15 30%* ns
12 TckR  |CLKOUT rise time(® — 5.0 15%* ns
13 TckF CLKOUT fall time(® — 5.0 15%* ns
14 TckL2ioV  |CLKOUTY to Port out valid® — — 40%* ns
15 TioV2ckH |Port in valid before CLKOUTT(® 0.25 TCY+30* | — — ns
16 TckH2iol | Port in hold after CLKOUTT() 0* — — ns
17 TosH2ioV |0SC1T (Q1 cycle) to Port out valid® — — 100* ns
18 TosH2iol |OSC1T (Q2 cycle) to Port input invalid TBD — — ns
(I/O in hold time)
19 TioV2osH |Port input valid to OSC17T TBD — — ns
(I/O in setup time)
20 TioR Port output rise time(® — 10 25+ ns
21 TioF Port output fall time(? — 10 25%* ns

* These parameters are characterized but not tested.
** These parameters are design targets and are not tested. No characterization data available at this time.

T Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.

Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
2: Refer to Figure 17-5 for load conditions.
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FIGURE 17-8: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING - PIC16C5X,
PIC16CR5X
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Note 1: Please referto Figure 17-5 for load conditions.

TABLE 17-3: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC16C5X, PIC16CR5X

Standard Operating Conditions (unless otherwise specified)

Operating Temperature 0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended

AC Characteristics

Param
No. Symbol Characteristic Min | Typt | Max | Units Conditions
30 TmcL |MCLR Pulse Width (low) 1000* | — — ns |VDD=5.0V
31 Twdt |Watchdog Timer Time-out Period 9.0 | 18* 30* ms |VDD = 5.0V (Comm)
(No Prescaler)
32 TDRT |Device Reset Timer Period 9.0* | 18* 30* ms |VDD = 5.0V (Comm)
34 Tioz |l/O Hi-impedance from MCLR Low | 100* | 300* | 1000* | ns

* These parameters are characterized but not tested.

T Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.
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FIGURE 18-6: 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)
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FIGURE 18-7: 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)
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19.0 ELECTRICAL CHARACTERISTICS - PIC16LC54C 40MHz

Absolute Maximum Ratings("

Ambient tempPerature UNAEr DIBS.........cooiiiiiiiiieiii e -55°C to +125°C
SEOrAgE tEIMPEIALUIE ...eeiieiitiei ettt e et e e e oot b et e e e e ea bt et e e e e ahbb e e e e e e abb et e e e embe e e e e s anbneeas —65°C to +150°C
Voltage on VDD with respect to Vss ............ ...0to +7.5V
Voltage 0N MCLR With T@SPECE t0 VSS..........vueveieieeeeeeeeeseieeeeeeeseeeseeeseeses s sesseses s seeneseenseenesesn s s ene s 0 to +14V
Voltage on all other pins With reSPECT t0 VSS ....cciiiiiiiiiieieie e —0.6V to (VDD + 0.6V)
Total POWET AISSIPAONMD ..ottt ee e 800 mW
MaX. CUITENE OUL OF WSS PN 1.ttt ettt et e ettt e skt e e st e e s se e e e s re e e s ne e e e snneeenneeenans 150 mA
Y ot 1 = oL (o YAl n N o1 PPN 100 mA
Max. current into an iNput PIN (TOCKI ONIY) .o.oouiiiiiiiceeceee ettt s e es et seese s s e +500 pA
Input clamp current, K (VI <0 OF VI 3 VDD)...cuioiieieiiieieieieeieietett sttt ettt ssa s es et s st es et ss s e s s et ese et s et esessesesasenseee +20 mA
Output clamp current, IOK (VO < 0 OF VO 3 VDD) ....c.cviuiieiieieriieietee ettt steseae e essss s sa st sessesssseseesessesassesessessesessens 20 mA
Max. output current SUNK BY @ny 1/O PN .....ooiiiiiiiie ettt s bt e e e e e nte e e naneas

Max. output current sourced by any I/O pin
Max. output current sourced by a single 1/0 (Port A, B or C)
Max. output current sunk by a single 1/O (POt A, B OF C) ...coeiiviiiiiieeiiiee et nnn e

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - X IoH} + X {(VDD-VOH) x loH} + > (VoL x loL)

T NOTICE: Stresses above those listed under "Maximum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indi-
cated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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NOTES:
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC16C5X Literature Number: DS30453E

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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