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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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NOTES:
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PIC16C5X

FIGURE 6-5: PIC16C57/CR57 REGISTER FILE MAP
FSR<6:5>—B 00 01 10 11
File Address
* 00h INDF® 20h ;40h ; 60h
01h TMRO | |
02h PCL | |
03h STATUS | ‘
04h FSR Addresses map back ' to
05h PORTA addresses in Bank 0.
06h PORTB | |
07h PORTC | \
08h General | |
Purpose | |
OFh Registers | 2Fh 4Fh 6Fh
10h 30h 50h 70h
General General General General
Purpose Purpose Purpose Purpose
Registers Registers Registers Registers
1Fh 3Fh 5Fh 7Fh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: Not a physical register. See Section 6.7.
FIGURE 6-6: PIC16C58/CR58 REGISTER FILE MAP
FSR<6:5>—B 00 01 10 11
File Address | ‘
* 00h INDF® 20h | 40h ‘ 60h
01h TMRO | |
02h PCL | |
03h STATUS | ‘
04h FSR Addresses map back ' to
05h PORTA addresses in Bank 0.
06h PORTB I I
07h | |
General
Purpose | |
Registers | |
OFh 2Fh 4Fh 6Fh
10h 30h 50h 70h
General General General General
Purpose Purpose Purpose Purpose
Registers Registers Registers Registers
1Fh 3Fh 5Fh 7Fh
Bank O Bank 1 Bank 2 Bank 3
Note 1: Not a physical register. See Section 6.7.
© 1997-2013 Microchip Technology Inc. Preliminary DS30453E-page 27
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9.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits that deal with the needs of real-
time applications. The PIC16C5X family of microcon-
trollers have a host of such features intended to maxi-
mize system reliability, minimize cost through
elimination of external components, provide power sav-
ing operating modes and offer code protection. These
features are:

» Oscillator Selection (Section 4.0)

* RESET (Section 5.0)

« Power-On Reset (Section 5.1)

» Device Reset Timer (Section 5.2)

» Watchdog Timer (WDT) (Section 9.2)
« SLEEP (Section 9.3)

» Code protection (Section 9.4)

« ID locations (Section 9.5)

The PIC16C5X Family has a Watchdog Timer which
can be shut off only through configuration bit WDTE. It
runs off of its own RC oscillator for added reliability.
There is an 18 ms delay provided by the Device Reset
Timer (DRT), intended to keep the chip in RESET until
the crystal oscillator is stable. With this timer on-chip,
most applications need no external RESET circuitry.

The SLEEP mode is designed to offer a very low cur-
rent Power-down mode. The user can wake up from
SLEEP through external RESET or through a Watch-
dog Timer time-out. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

© 1997-2013 Microchip Technology Inc. Prelimi nary
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11.8 MPLAB ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PIC MCUs and can be used to
develop for this and other PIC microcontrollers. The
MPLAB ICD utilizes the in-circuit debugging capability
built into the FLASH devices. This feature, along with
Microchip's In-Circuit Serial Programming™ protocol,
offers cost-effective in-circuit FLASH debugging from
the graphical user interface of the MPLAB Integrated
Development Environment. This enables a designer to
develop and debug source code by watching variables,
single-stepping and setting break points. Running at
full speed enables testing hardware in real-time.

11.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
Stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VDD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In Stand-alone mode, the PRO MATE I
device programmer can read, verify, or program PIC
devices. It can also set code protection in this mode.

11.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PIC devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

11.11 PICDEM 1 Low Cost PIC MCU
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

11.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the 12C™ bus
and separate headers for connection to an LCD
module and a keypad.

© 1997-2013 Microchip Technology Inc.
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12.4 DC Characteristics: PIC16C54/55/56/57-RC, XT, 10, HS, LP (Commercial)
PIC16C54/55/56/57-RCl, XTI, 101, HSI, LPI (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)
0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial

Operating Temperature

Pilrsm Symbol | Characteristic/Device Min Typt Max Units Conditions
D030 ViL  |Input Low Voltage
I/O ports Vss — 0.2 VbD V  |Pin at hi-impedance
MCLR (Schmitt Trigger) Vss — 0.15VpD \%
TOCKI (Schmitt Trigger) Vss — 0.15VDpD \%
OSC1 (Schmitt Trigger) Vss — |015Vbp | V |PIC16C5X-RC only®
OSC1 (Schmitt Trigger) Vss — 0.3 VDD \% PIC16C5X-XT, 10, HS, LP
D040 VIH |Input High Voltage
1/0 ports 045VDD | — VDD vV |For all voo®
/0 ports 2.0 — VDD V 4.0V < VDD <55vV@
1/0O ports 0.36 VDD — VDD V |VDbD >5.5V
MCLR (Schmitt Trigger) 0.85 VDD — VDD \%
TOCKI (Schmitt Trigger) 0.85 VDD — VDD \%
OSC1 (Schmitt Trigger) 085VoD | — VDD V  |PIC16C5X-RC only®)
OSC1 (Schmitt Trigger) 0.7 VbD — VDD V  |PIC16C5X-XT, 10, HS, LP
D050 VHYS [Hysteresis of Schmitt 0.15 VDbD* — — \%
Trigger inputs
D060 L |Input Leakage Current®:2) For VDD < 5.5V:
I/O ports -1 0.5 +1 pA  |Vss < VPIN < VDD,
pin at hi-impedance
MCLR -5 — — pA  [VPIN = Vss + 0.25V
MCLR — 0.5 +5 pA  |VPIN = VDD
TOCKI -3 0.5 +3 pA  [VSsS < VPIN VDD
0OSC1 -3 0.5 +3 pA  |Vss < VPIN < VDD,
PIC16C5X-XT, 10, HS, LP
D080 VoL |Output Low Voltage
I/O ports — — 0.6 \Y loL = 8.7 mA, VDbD = 4.5V
OSC2/CLKOUT — — 0.6 \% loL =1.6 mA, VDD = 4.5V,
PIC16C5X-RC
D090 | VoW |Output High Voltage®
I/O ports VoD - 0.7 — — \Y loH =-5.4 mA, VDD = 4.5V
OSC2/CLKOUT VbD - 0.7 — — \Y loH =-1.0 mA, VDD = 4.5V,
PIC16C5X-RC
* These parameters are characterized but not tested.
Tt Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guidance
only and is not tested.

Note 1: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltage.

2: Negative current is defined as coming out of the pin.

3: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C5X be driven with external clock in RC mode.

4: The user may use the better of the two specifications.

© 1997-2013 Microchip Technology Inc.
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TABLE 13-1: EXTERNAL CLOCK TIMING REQUIREMENTS - PIC16CR54A

Standard Operating Conditions (unless otherwise specified)
AC Crarctarstics OPPITETRRIRUIS 010 TS 0 e
—40°C < TA < +125°C for extended
Pal\:gm Symbol Characteristic Min | Typt Max | Units Conditions
1 Tosc  |External CLKIN Period™® 250 | — — ns |XT osc mode
250 — — ns [HS osc mode (04)
100 — — ns [HS osc mode (10)
50 — — ns [HS osc mode (20)
5.0 — — us |LP osc mode
Oscillator Period® 250 | — — ns |RC osc mode
250 — 10,000f ns |XT osc mode
250 — 250 ns [HS osc mode (04)
100 — 250 ns [HS osc mode (10)
50 — 250 ns |HS osc mode (20)
5.0 — 200 us |LP osc mode
Tcy  |Instruction Cycle Time® — | 4fFosc | — | —
TosL, TosH |Clock in (OSC1) Low or High 50* — — ns |XT oscillator
Time 20* — — ns |HS oscillator
2.0* — — us |LP oscillator
4 TosR, TosF |Clock in (OSC1) Rise or Fall — — 25* ns |XT oscillator
Time — — 25* ns |HS oscillator
— — 50* ns |[LP oscillator

*  These parameters are characterized but not tested.

t Datainthe Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guid-
ance only and is not tested.

Note 1: All specified values are based on characterization data for that particular oscillator type under standard
operating conditions with the device executing code. Exceeding these specified limits may result in an
unstable oscillator operation and/or higher than expected current consumption.

When an external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
2: Instruction cycle period (Tcy) equals four times the input oscillator time base period.

© 1997-2013 Microchip Technology Inc. Preliminary DS30453E-page 87
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15.3

DC Characteristics: PIC16LV54A-02 (Commercial)
PIC16LV54A-02I (Industrial)

PIC16LV54A-02 Standard Operating Conditions (unless otherwise specified)
PIC16LV54A-02I Operating Temperature 0°C < TA < +70°C for commercial
(Commercial, Industrial) —20°C < TA < +85°C for industrial
Pilrs\m Symbol Characteristic Min | Typt |Max | Units Conditions
D001 Supply Voltage
VDD |RC and XT modes 2.0 — 38| V
D002 VDR |RAM Data Retention — 15*% | — V |Device in SLEEP mode
Voltage®
D003 VPOR |VDD Start Voltage to ensure | — Vss | — V |See Section 5.1 for details on
Power-on Reset Power-on Reset
D004 Svbb |VDD Rise Rate to ensure 0.05*| — — | VIms |See Section 5.1 for details on
Power-on Reset Power-on Reset
D010 Ipp  [Supply Current®
RC® and XT modes — | 05 | — | mA |Fosc = 2.0 MHz, VDD = 3.0V
LP mode, Commercial — 11 27 pA |Fosc = 32 kHz, Vbb = 2.5V WDT disabled
LP mode, Industrial — 14 35 pA |Fosc =32 kHz, VDD = 2.5V WDT disabled
D020 o |Power-down Current?4
Commercial — 25 12 | pA |VDD = 2.5V, WDT enabled
Commercial — 0.25 | 4.0 | pA |VDD = 2.5V, WDT disabled
Industrial — 35 14 | pA |VDD = 2.5V, WDT enabled
Industrial — 0.3 | 5.0| pA |VDD =25V, WDT disabled

* These parameters are characterized but not tested.

T Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guid-
ance 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 /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.

4: The oscillator start-up time can be as much as 8 seconds for XT and LP oscillator selection on wake-up from
SLEEP mode or during initial power-up.

DS30453E-page 108
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FIGURE 16-14: TYPICAL IpD vs. FREQUENCY (WDT DISABLED, RC MODE @ 300 pF, 25°C)
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
10000
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2 [—
3
3 ——— |
100 S — ] — |
5.0V
4.5V
4.0V =—;
3.5V
3.0v —/]
2.5V—]
10
0.01 0.1 1
Freq (MHz)
FIGURE 16-15: MAXIMUM IpD vs. FREQUENCY
(WDT DISABLED, RC MODE @ 300 pF, —40°C to +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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g
5 ———
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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

© 1997-2013 Microchip Technology Inc.
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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 |ndustria|) —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

Ibb | Supply Current®3)
D010 PIC16LC5X| — 0.5 2.4 mA | Fosc = 4.0 MHz, Vpbp = 5.5V, XT and
— 11 27 pA | RC modes
Fosc =32 kHz, VbD = 2.5V, LP mode,
— 14 35 pA | Commercial
Fosc = 32 kHz, Vbp = 2.5V, LP mode,
Industrial
DO10A PIC16C5X| — 1.8 2.4 mA |Fosc =4 MHz, Vbb = 5.5V, XT and RC
— 2.6 |3.6*| mA |modes
— 4.5 16 mA |Fosc = 10 MHz, VbD = 3.0V, HS mode
— 14 32 pA | Fosc =20 MHz, Vbp = 5.5V, HS mode
Fosc = 32 kHz, Vbp = 3.0V, LP mode,
— 17 40 pA | Commercial
Fosc = 32 kHz, Vbp = 3.0V, LP mode,
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 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.
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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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17.4 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 OSCl1

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 17-5: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS -

PIC16C54C/CR54C/C55A/C56A/CR56A/C57C/CR57C/C58B/CR58B-04, 20

Pin Izlj CL= 50pF for all pins and OSC2 for RC mode

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

Vss
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TABLE 17-1: EXTERNAL CLOCK TIMING REQUIREMENTS - 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

Pal\:gm Symbol Characteristic Min | Typt | Max |Units Conditions

2 Tey Instruction Cycle Time@ — |4/Fosc| — | —

3 TosL, TosH |Clock in (OSC1) Low or High 50* — — ns |XT oscillator

Time 20* — — ns |HS oscillator

2.0* — — us |LP oscillator

4 TosR, TosF |Clock in (OSC1) Rise or Fall — — 25* ns |XT oscillator

Time — — 25* | ns |HS oscillator

— — 50* ns |LP oscillator

* These parameters are characterized but not tested.

1t 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: All specified values are based on characterization data for that particular oscillator type under standard oper-
ating conditions with the device executing code. Exceeding these specified limits may result in an unstable
oscillator operation and/or higher than expected current consumption.

When an external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
2: Instruction cycle period (Tcy) equals four times the input oscillator time base period.
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FIGURE 18-8: VTH (INPUT THRESHOLD TRIP POINT VOLTAGE) OF I/O PINS vs. VDD
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
2.0
1.8
1.6
R /
[2]
) °C)
\><i 1.4 Typ (_\-25/
= 1.2
>
/
1.0
0.8
0.6
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
VDD (Volts)
FIGURE 18-9: 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)
.G 1O +85
35 x (A
25°C
¥ - OC\
—~ 3.0 Y @5
2 A
S W0 (0
> 2.5 / W o
=
Z 20
I
> °C)
15 viL max (-40°C 1o +85°C) —
1.0 | ViL typ +2500
——— I
[ —
| o
0.5 — ViL min (—40°C to +85°C) —
R
—
0.0 | |
2.5 3.0 3.5 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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191

DC Characteristics:PIC16C54C/C55A/C56A/C57C/C58B-40 (Com mercial)(l)

PIC16C54C/C55A/C56A/C57C/C58B-40 Standard Operating Conditions (unless otherwise specified)
(Commercial) Operating Temperature 0°C < TA < +70°C for commercial
Pilrs\m Symbol Characteristic Min | Typt | Max | Units Conditions
D001 VDD |Supply Voltage 4.5 — 55 V  |HS mode from 20 - 40 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 Power-| 0.05* | — — | VIms |See Section 5.1 for details on
on Reset Power-on Reset
D010 Ibb  |Supply Current® — 52 |12.3| mA |Fosc =40 MHz, VDD = 4.5V, HS mode
— 6.8 16 | mA |[Fosc =40 MHz, Vbbp = 5.5V, HS mode
D020 IP0  |Power-down Current® — 1.8 | 7.0 | pA |VDD=5.5V, WDT disabled, Commercial
— 9.8 | 27| pA |VDD =5.5V, WDT enabled, Commercial

* These parameters are characterized but not tested.

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

Note 1: Device operation between 20 MHz to 40 MHz requires the following: VDD between 4.5V to 5.5V, OSC1 pin
externally driven, OSC2 pin not connected, HS oscillator mode and commercial temperatures. For operation
between DC and 20 MHz, See Section 19.1.
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 load-
ing, oscillator type, bus rate, internal code execution pattern and temperature also have an impact on the current
consumption.
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/dis-

2:
3:

a)

b)

abled as specified.

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.
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Package Marking Information (Cont’d)

18-Lead CERDIP Windowed

H D

XXXXXXXX
XXXXXXXX
YYWWNNN

28-Lead CERDIP Windowed

H B

XXXXXXXXXXX
XXX XXXXXXXX
XXX XXXXXXXX

YYWWNNN

Example
PIC16C54C
s 8
i 0001CBA
Example
PIC16C57C

) g\ 1IW

MicRocHIP 0038 CB A

Legend:

XX...X  Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

WW
NNN
&3

Week code (week of January 1 is week ‘01")

Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note:

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available

characters for customer-specific information.
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18-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

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

=

N

N P Y Y
LT O O 07 0 67 G D7 GO
W)

O

5

[
Q

[ 1y
A

: T1
?ﬂi
z

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

Number of Pins n 18 18

Pitch p .100 2.54

Top to Seating Plane A .140 .155 .170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 .145 2.92 3.30 3.68
Base to Seating Plane Al .015 0.38

Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Molded Package Width E1l .240 .250 .260 6.10 6.35 6.60
Overall Length D .890 .898 .905 22.61 22.80 22.99
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB .310 .370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 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-001

Drawing No. C04-007
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28-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

E—

o T

—
—
—

B —]

gouuoooooooooo

=N

?

r

[ett—

!
8 B (nimimialaininininialainin M
%

j

el L Al—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

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 .288 .295 .299 7.32 7.49 7.59
Overall Length D .695 .704 712 17.65 17.87 18.08
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 Top [0 0 4 8 0 4 8
Lead Thickness c .009 .011 .013 0.23 0.28 0.33
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom § 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. C04-052
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M
MCLR Reset
Register values On ..........ccoecveiiiniiiniiiiciee e 20
Memory Map
PIC16C54/CR54/C55.......oocciiiiiiiiiiiiiic e 25
PIC16C56/CR56 ................. .25
PIC16C57/CR57/C58/CR58 .25
Memory Organization.............ocueeeeieeeeniiee e 25
MOV ..o 56
MOVLW ...ttt 56
MOVWE L. 57
MPLAB C17 and MPLAB C18 C Compilers.............cccccuuee. 61
MPLAB ICD In-Circuit Debugger..........cccceevivveriieiniiieeeens 63
MPLAB ICE High Performance Universal In-Circuit Emulator
With MPLAB IDE........ccciiiiiiiieiiiiiie et 62
MPLAB Integrated Development Environment Software .... 61
MPLINK Object Linker/MPLIB Object Librarian .................. 62
N
NOP <o 57
(o]
One-Time-Programmable (OTP) DeVviCes.........ccccoeeriernunnne 7
OPTION Lo 57
OPTION REQISIET ...ceviiiiiiiiiiiiiieiit et 30
Value ON FESEL ....cveiiiiiiiie e 20
Oscillator Configurations ...........ceoccvveeieieinieee e 15

Oscillator Types

P
PAO Dttt 29
PAL Dit.eeeee et 29
Paging. .31
PC .o, 31
ValU€ ON FESEL ..ovviiieieiiiiiii e 20
PD DIt oo 19, 29
Peripheral FEatUres. ..........ccoviiiiiiiie i 1
PICDEM 1 Low Cost PIC MCU Demonstration Board........ 63
PICDEM 17 Demonstration Board .............cccccovvveeeeeeiinnnns 64
PICDEM 2 Low Cost PIC16CXX Demonstration Board...... 63

PICDEM 3 Low Cost PIC16CXXX Demonstration Board ... 64
PICSTART Plus Entry Level Development Programmer .... 63

Pin Configurations...........cccvevieieer i 2
Pinout Description - PIC16C54, PIC16CR54, PIC16C56,
PIC16CR56, PIC16C58, PIC1I6CR58 .......c.ccveverveiiereies 11

Pinout Description - PIC16C55, PIC16C57, PIC16CR57 ...12

Power-Down Mode..........ccoeiuiiiiiiiiiiicni e 47

Power-On Reset (POR) ......ooiiiiieiiiiieeiiee e 21
Register values On ..........ccoocveiiiniiniiiiciec e 20

Prescaler........ccoovvveiiieiii e

PRO MATE Il Universal Device Programmer ...
Program Counter..........ccoceeiiiiiiiiinciiieeee
Program Memory Organization .............ccceeevveeiiieeeiiiee e
Program Verification/Code Protection...........cccccccuvevvennnene

Q

Q CYCIES .. 13
Quick-Turnaround-Production (QTP) Devices...........cccccocuu. 7

R

RC Oscillator..........ccoevvvevieicnieciens
Read Only Memory (ROM) Devices .
Read-Modify-WIte..........coviiiiienieeeee e
Register File Map

PIC16C54, PIC16CR54, PIC16C55, PIC16C56,

PICLIBCRS5B .....oceviiieirieiiieiie e 26

PICLECS7/CR5T ..ottt 27

PICLIBCH8/CRES ......c.eeciveiririerieeee e 27
Registers

Special FUNCHION ........oooiiiiiiiciice e 28

Value on reset.. .20
RESEL ... 19
Reset on Brown-Out ..o 23
RETLW < 57
RLF e 58
RRF e e 58
S
Serialized Quick-Turnaround-Production (SQTP) Devices... 7
SLEEP oot 43, 47,58
Software Simulator (MPLAB SIM) ......ccccooiiiiieniiiiniiieee. 62
Special Features of the CPU ...........ccccovieiiiiiiiiiieeeee e 43
Special Function Registers.........ccoovvvieiiiiiecciciececnn 28
STACK .1ttt
STATUS Register ....

Value ON FESEL....cccuiiiiiiiiiiie e
SUBWE ...ttt
SWAPKE .o
T
Timer0

Switching Prescaler Assignment

TimerO (TMRO) Module.............

TMRO register - Value on reset. .

TMRO with External ClocK ..........cccoovvnieiiieniiciienn.
Timing Diagrams and Specifications

PICL1BCSA/55/56/57 ..o 74

PICLECSAA. ...ttt 111

PIC16C54C/CR54C/C55A/C56A/CR56A/C57C/CR57C/

C58B/CRB58B .......ccivieieerieiieseene e 140

PIC16C54C/CR54C/C55A/C56A/CR56A/C57C/CR57C/

C58B/CR58B-40.......ccccooviiiiiienieaee e 160

PICLIBCR5AA ... 86
Timing Parameter Symbology and Load Conditions

PICLBCSA/55/56/57 ..o 73

PICLECSAA. ...ttt 110

PIC16C54C/CR54C/C55A/C56A/CR56A/C57C/CR57C/

C58B/CRB58B .......oeiveeiieiieiieieinre e 139

PIC16C54C/CR54C/C55A/C56A/CR56A/C57C/CR57C/

C58B/CR58B-40.......ccoiviiiiiiiiiieiiieeiieieeeee e 159

PICLIBCR5AA ... e 85
TO DIt 19, 29
TRIS e 59
TRIS REJISIEIS .ottt 35

Value ON FESEL....ccciiiiiiiiiciic et 20
)

UV Erasable DEVICES........cccceviiiiiiiiie e 7
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