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PIC16C5X

4.4 RC Oscillator

For timing insensitive applications, the RC device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (REXT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used.

Figure 4-5 shows how the R/C combination is con-
nected to the PIC16C5X. For REXT values below
2.2 k), the oscillator operation may become unstable,
or stop completely. For very high RExT values
(e.g., 1 MQ) the oscillator becomes sensitive to noise,
humidity and leakage. Thus, we recommend keeping
REXT between 3 kQ and 100 kQ.

Although the oscillator will operate with no external
capacitor (CeExT = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

The Electrical Specifications sections show RC fre-
guency variation from part to part due to normal pro-
cess variation. The variation is larger for larger R (since
leakage current variation will affect RC frequency more
for large R) and for smaller C (since variation of input
capacitance will affect RC frequency more).

Also, see the Electrical Specifications sections for vari-
ation of oscillator frequency due to VDD for given RExT/
CEexT values as well as frequency variation due to oper-
ating temperature for given R, C, and VDD values.

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test pur-
poses or to synchronize other logic.

FIGURE 4-5: RC OSCILLATOR MODE
VDD
REXT Internal
osc1 {>_4 clock
I 7 —
CEXT N PIC16C5X
Vss l =
-€4— OSC2/CLKOUT

Fosc/4

Note: If you change from this device to another
device, please verify oscillator characteris-

tics in your application.
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5.1 Power-On Reset (POR)

The PIC16C5X family incorporates on-chip Power-On
Reset (POR) circuitry which provides an internal chip
RESET for most power-up situations. To use this fea-
ture, the user merely ties the MCLR/VPpP pin to VbD. A
simplified block diagram of the on-chip Power-On
Reset circuit is shown in Figure 5-1.

The Power-On Reset circuit and the Device Reset
Timer (Section 5.2) circuit are closely related. On
power-up, the RESET latch is set and the DRT is
RESET. The DRT timer begins counting once it detects
MCLR to be high. After the time-out period, which is
typically 18 ms, it will RESET the reset latch and thus
end the on-chip RESET signal.

A power-up example where MCLR is not tied to VDD is
shown in Figure 5-3. VDD is allowed to rise and stabilize
before bringing MCLR high. The chip will actually come
out of reset TDRT msec after MCLR goes high.

In Figure 5-4, the on-chip Power-On Reset feature is
being used (MCLR and VDD are tied together). The VbD
is stable before the start-up timer times out and there is
no problem in getting a proper RESET. However,
Figure 5-5 depicts a problem situation where VDD rises
too slowly. The time between when the DRT senses a
high on the MCLR/VPP pin, and when the MCLR/VPP
pin (and VbD) actually reach their full value, is too long.
In this situation, when the start-up timer times out, Vbb
has not reached the Vbbp (min) value and the chip is,
therefore, not guaranteed to function correctly. For
such situations, we recommend that external RC cir-
cuits be used to achieve longer POR delay times
(Figure 5-2).

FIGURE 5-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW VDD POWER-UP)

VDD VDD
D R
R1
MCLR

. T ANA—
—— C PIC16C5X
1

¢ External Power-On Reset circuit is required
only if VDD power-up is too slow. The diode D
helps discharge the capacitor quickly when
VDD powers down.

* R <40 kQ is recommended to make sure that
voltage drop across R does not violate the
device electrical specification.

¢ R1=100Q to 1 kQ will limit any current flow-
ing into MCLR from external capacitor C in the
event of MCLR pin breakdown due to Electro-
static Discharge (ESD) or Electrical Over-
stress (EOS).

Note:  When the device starts normal operation
(exits the RESET condition), device oper-
ating parameters (voltage, frequency, tem-
perature, etc.) must be met to ensure
operation. If these conditions are not met,
the device must be held in RESET until the

operating conditions are met.

For more information on PIC16C5X POR, see Power-
Up Considerations - AN522 in the Embedded Control
Handbook.

The POR circuit does not produce an internal RESET
when VDD declines.
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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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6.5.1 PAGING CONSIDERATIONS —
PIC16C56/CR56, PIC16C57/CR57
AND PIC16C58/CR58

If the Program Counter is pointing to the last address of
a selected memory page, when it increments it will
cause the program to continue in the next higher page.
However, the page preselect bits in the STATUS Reg-
ister will not be updated. Therefore, the next GOTO,
caLL or modify PCL instruction will send the program
to the page specified by the page preselect bits (PAO or
PA<1:0>).

For example, a NOP at location 1FFh (page 0) incre-
ments the PC to 200h (page 1). A GOTO xxx at 200h
will return the program to address xxh on page O
(assuming that PA<1:0> are clear).

To prevent this, the page preselect bits must be
updated under program control.

6.5.2 EFFECTS OF RESET

The Program Counter is set upon a RESET, which
means that the PC addresses the last location in the
last page (i.e., the RESET vector).

The STATUS Register page preselect bits are cleared
upon a RESET, which means that page 0 is pre-
selected.

Therefore, upon a RESET, a GOTO instruction at the
RESET vector location will automatically cause the pro-
gram to jump to page O.

6.6 Stack

PIC16C5X devices have a 10-bit or 11-bit wide, two-
level hardware push/pop stack.

A CALL instruction will push the current value of stack
1 into stack 2 and then push the current program coun-
ter value, incremented by one, into stack level 1. If
more than two sequential CALL's are executed, only
the most recent two return addresses are stored.

A RETLW instruction will pop the contents of stack level
1 into the program counter and then copy stack level 2
contents into level 1. If more than two sequential
RETLW'S are executed, the stack will be filled with the
address previously stored in level 2. Note that the
W Register will be loaded with the literal value specified
in the instruction. This is particularly useful for the
implementation of data look-up tables within the pro-
gram memory.

For the RETLW instruction, the PC is loaded with the
Top of Stack (TOS) contents. All of the devices covered
in this data sheet have a two-level stack. The stack has
the same bit width as the device PC, therefore, paging
is not an issue when returning from a subroutine.

DS30453E-page 32 Prelimi nary © 1997-2013 Microchip Technology Inc.
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NOTES:
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7.0 1/OPORTS

As with any other register, the I/O Registers can be
written and read under program control. However, read
instructions (e.g., MOVF PORTB, W) always read the 1/0O
pins independent of the pin’s input/output modes. On
RESET, all I/0 ports are defined as input (inputs are at
hi-impedance) since the 1/O control registers (TRISA,
TRISB, TRISC) are all set.

7.1 PORTA

PORTA is a 4-bit I/0O Register. Only the low order 4 bits
are used (RA<3:0>). Bits 7-4 are unimplemented and
read as '0O's.

7.2 PORTB
PORTB is an 8-bit I/O Register (PORTB<7:0>).
7.3 PORTC

PORTC is an 8-bit I/O Register for PIC16C55,
PIC16C57 and PIC16CR57.

PORTC is a General Purpose Register for PIC16C54,
PIC16CR54, PIC16C56, PIC16CR56, PIC16C58 and
PIC16CR58.

7.4 TRIS Registers

The Output Driver Control Registers are loaded with
the contents of the W Register by executing the

TRIS f instruction. A '1' from a TRIS Register bit puts
the corresponding output driver in a hi-impedance
(input) mode. A 'O’ puts the contents of the output data
latch on the selected pins, enabling the output buffer.

Note: A read of the ports reads the pins, not the
output data latches. That is, if an output
driver on a pin is enabled and driven high,
but the external system is holding it low, a
read of the port will indicate that the pin is

low.

The TRIS Registers are “write-only” and are set (output
drivers disabled) upon RESET.

7.5

The equivalent circuit for an 1/0 port pin is shown in
Figure 7-1. All ports may be used for both input and
output operation. For input operations these ports are
non-latching. Any input must be present until read by
an input instruction (e.g., MOVF PORTB, W). The out-
puts are latched and remain unchanged until the output
latch is rewritten. To use a port pin as output, the corre-
sponding direction control bit (in TRISA, TRISB,
TRISC) must be cleared (= 0). For use as an input, the
corresponding TRIS bit must be set. Any I/O pin can be
programmed individually as input or output.

I/O Interfacing

FIGURE 7-1: EQUIVALENT CIRCUIT
FOR A SINGLE I/O PIN
Data
Bus
D Q
Data
WR Latch VeD
Port CK 6

w :D—( N o
R in@
eg D 0 p
TRIS
Latch Vvss
TRIS 'f CK 6
RESET

)

RD Port

Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 7-1: SUMMARY OF PORT REGISTERS
Value on _Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-On MCLR and
Reset WDT Reset

N/A TRIS I/0 Control Registers (TRISA, TRISB, TRISC) 1111 1111 | 1111 1111

05h PORTA — — — — RA3 RA2 RA1 RAO ---- XXXX | ---- uuuu

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX [ uuuu uuuu

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | XXXX XXXX | uuuu uuuu

Legend: x =unknown, u = unchanged, — = unimplemented, read as '0’', Shaded cells = unimplemented, read as ‘0’

© 1997-2013 Microchip Technology Inc.
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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

DS30453E-page 40
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9.3 Power-Down Mode (SLEEP)

A device may be powered down (SLEEP) and later
powered up (Wake-up from SLEEP).

9.3.1 SLEEP

The Power-down mode is entered by executing a
SLEEP instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the TO bit (STATUS<4>) is set, the PD
bit (STATUS<3>) is cleared and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, driving low, or hi-impedance).

It should be noted that a RESET generated by a WDT
time-out does not drive the MCLR/VPP pin low.

For lowest current consumption while powered down,
the TOCKI input should be at VbD or Vss and the
MCLR/VPP pin must be at a logic high level

(MCLR = VIH).

9.3.2 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of
the following events:

1. Anexternal RESET input on MCLR/VPP pin.

2. A Watchdog Timer Time-out Reset (if WDT was
enabled).

Both of these events cause a device RESET. The TO
and PD bits can be used to determine the cause of
device RESET. The TO bit is cleared if a WDT time-
out occurred (and caused wake-up). The PD bit, which
is set on power-up, is cleared when SLEEP is invoked.

The WDT is cleared when the device wakes from
SLEEP, regardless of the wake-up source.

9.4 Program Verification/Code
Protection

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note:  Microchip does not recommend code pro-

tecting windowed devices.

9.5 ID Locations

Four memory locations are designated as ID locations
where the user can store checksum or other code-iden-
tification numbers. These locations are not accessible
during normal execution but are readable and writable
during program/verify.

Use only the lower 4 bits of the ID locations and always
program the upper 8 bits as '1's.

Note:  Microchip will assign a unique pattern
number for QTP and SQTP requests and
for ROM devices. This pattern number will
be unique and traceable to the submitted
code.

© 1997-2013 Microchip Technology Inc.
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TABLE 10-2: INSTRUCTION SET SUMMARY

Mnemonic, . 12-Bit Opcode Status
Description Cycles Notes

Operands MSb Lsp | Affected
ADDWF f,d Add W and f 1 0001 1adf ffff | C,DC,Z | 1,24
ANDWF f,d AND W with f 1 0001 Oadf ffff Zz 2,4
CLRF f Clear f 1 0000 O011f ffff z 4
CLRW - Clear W 1 0000 0100 0000 z
COMF f, d Complement f 1 0010 O01df ffff Z
DECF f, d Decrement f 1 0000 11df ffff Z 2,4
DECFSZ f,d |Decrementf, Skip if O 1@ |o0010 11df ffff | None 2,4
INCF f, d Increment f 1 0010 10df ffff Z 2,4
INCFSZ  f,d |Incrementf, Skip if O 1@ |0011 11df ffff | None 2,4
IORWF f, d Inclusive OR W with f 1 0001 oO0df ffff z 2,4
MOVF f, d Move f 1 0010 oo0df ffff z 2,4
MOVWF f Move W to f 1 0000 O001f ffff None 1,4
NOP - No Operation 1 0000 0000 0000 None
RLF f, d Rotate left f through Carry 1 0011 O01df ffff C 2,4
RRF f, d Rotate right f through Carry 1 0011 oo0df ffff C 2,4
SUBWF f, d Subtract W from f 1 0000 1o0df ffff | C,DC,Z | 1,2,4
SWAPF f, d Swap f 1 0011 10df ffff None 2,4
XORWF f, d Exclusive OR W with f 1 0001 1o0df ffff Z 2,4
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 0100 bbbf ffff None 2,4
BSF f,b Bit Set f 1 0101 bbbf ffff None 2,4
BTFSC f,b |Bit Testf, Skip if Clear 1@ | 0110 bbbf ffff | None
BTFSS f,b |Bit Testf, Skip if Set 1@ | 0111 bbbf ffff | None
LITERAL AND CONTROL OPERATIONS
ANDLW k AND literal with W 1 1110 kkkk kkkk z
CALL k Call subroutine 2 1001 kkkk kkkk | None 1
CLRWDT k Clear Watchdog Timer 1 0000 0000 0100 | TO,PD
GOTO k Unconditional branch 2 101k kkkk kkkk None
IORLW k Inclusive OR Literal with W 1 1101 kkkk kkkk z
MOVLW k Move Literal to W 1 1100 kkkk kkkk None
OPTION k Load OPTION register 1 0000 0000 0010 | None
RETLW k Return, place Literal in W 2 1000 kkkk kkkk | None
SLEEP - Go into standby mode 1 0000 0000 0011 | TO,PD
TRIS f Load TRIS register 1 0000 0000 Offf None 3
XORLW k Exclusive OR Literal to W 1 1111 kkkk kkkk z

Note 1: The 9th bit of the program counter will be forced to a '0' by any instruction that writes to the PC except for
GOTO (see Section 6.5 for more on program counter).

2. When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and
is driven low by an external device, the data will be written back with a '0'".

3: Theinstruction TRIS f, where f=5, 6 or 7 causes the contents of the W register to be written to the tristate
latches of PORTA, B or C respectively. A '1' forces the pin to a hi-impedance state and disables the output
buffers.

4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be
cleared (if assigned to TMRO).

DS30453E-page 50 Preliminary © 1997-2013 Microchip Technology Inc.



PIC16C5X

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<b511

Operation: k — PC<8:0>;
STATUS<6:5> — PC<10:9>

Status Affected: None

Encoding: | 101k | Kkkk | Kkkkk |

Description: GOTO is an unconditional branch.
The 9-bit immediate value is
loaded into PC bits <8:0>. The
upper bits of PC are loaded from
STATUS<6:5>. GOTO is a two-
cycle instruction.

Words: 1

Cycles: 2

Example: GOTO THERE

After Instruction

PC = address (THERE)
INCF Increment f
Syntax: [label] INCF f,d
Operands: 0<f<31
d € [0,1]
Operation: (f) + 1 — (dest)
Status Affected: Z
Encoding: |0010 |10df [ffff |
Description: The contents of register 'f' are
incremented. If 'd" is O the result is
placed in the W register. If 'd"is 1
the result is placed back in
register 'f'.
Words: 1
Cycles: 1
Example: | NCF  CNT, 1
Before Instruction
CNT = OxFF
z = 0
After Instruction
CNT = 0x00
VA = 1

INCFSZ Increment f, Skip if O
Syntax: [label] INCFSz f,d
Operands: 0<f<31
d e [0,1]
Operation: (f) + 1 — (dest), skip if result =0
Status Affected: None
Encoding: | 0011 | 11df | T |
Description: The contents of register 'f' are
incremented. If 'd" is O the result is
placed in the W register. If 'd"is 1
the result is placed back in
register 'f'.
If the result is 0, then the next
instruction, which is already
fetched, is discarded and a NOP is
executed instead making it a two-
cycle instruction.
Words: 1
Cycles: 1(2)
Example: HERE | NCFSZ CNT, 1
[ce))e LOOP
CONTI NUE »
Before Instruction
PC = address (HERE)
After Instruction
CNT = CNT+1;
if CNT = 0,
PC = address (CONTINUE);
if CNT = 0,
PC = address (HERE +1)

© 1997-2013 Microchip Technology Inc.
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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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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.
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FIGURE 12-3: CLKOUT AND I/O TIMING - PIC16C54/55/56/57
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Note: Please refer to Figure 12-1 for load conditions.

TABLE 12-2: CLKOUT AND I/O TIMING REQUIREMENTS - PIC16C54/55/56/57

Standard Operating Conditions (unless otherwise specified)

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

AC Characteristics

PaNrsm Symbol Characteristic Min Typt Max Units
10 TosH2ckL |0SC1T to CLKOUT{® — 15 30%* ns
1 TosH2ckH |0SC17 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(®) o* — — ns
17 TosH2ioV  |0SC1T (Q1 cycle) to Port out valid® — — 100* ns
18 TosHZ2iol 0SC1T (Q2 cycle) to Port input invalid TBD — — ns

(/O in hold time)
19 TioV2osH |Port input valid to OSC1T TBD — — ns
(/O in setup time)
20 TioR Port output rise time(® — 10 25%* ns
21 TioF Port output fall ime(@ — 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 5.0V, 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: Please refer to Figure 12-1 for load conditions.
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FIGURE 14-6: MAXIMUM IPD vs. VDD, FIGURE 14-8: MAXIMUM IpD vs. VDD,
WATCHDOG DISABLED WATCHDOG ENABLED
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)
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FIGURE 16-7: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS - VDD
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 16-8: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP
MODES) vs. VDD
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 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)
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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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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 19-4: CLKOUT AND I/O TIMING - PIC16C5X-40
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Note: Refer to Figure 19-2 for load conditions.

TABLE 19-2: CLKOUT AND I/O TIMING REQUIREMENTS - PIC16C5X-40

Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C < TA < +70°C for commercial

AC Characteristics

Pzrgm Symbol Characteristic Min Typt Max Units
10 TosH2ckL |0SC17T to CLKOUT{(1:2) — 15 30%* ns
1 TosH2ckH |0SC17 to CLKOUTT(%:2) — 15 30%* ns
12 TckR CLKOUT rise time(%-2) — 5.0 15%* ns
13 TckF CLKOUT fall time(1-?) — 5.0 15+ ns
14 TckL2ioV  |CLKOUTY to Port out valid®2) — — 40 ns
15 Tiov2ckH |Port in valid before CLKOUTT(1:2) 0.25 TCY+30* | — — ns
16 TckH2iol  [Port in hold after CLKOUTT(%:2) o* — — ns
17 TosH2ioV |0SC1T (Q1 cycle) to Port out valid® — — 100 ns
18 TosH2iol |OSC1T (Q2 cycle) to Port input invalid TBD — — ns

(1/0 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 19-2 for load conditions.
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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.
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