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PIC1654S

8-Bit Microcontroller

FEATURES

32 8-bit RAM registers
512 x 12-bit program ROM
Arithmetic Logic Unit
Real Time Clock/Counter
Self contained oscillator for crystal or
ceramic resonator
» Access to RAM registers inherent
to instruction
+ Available in three temperature ranges:
0" to 70°C, -40° to 85°C and -40' 10 110°C
18 pin package
2 level stack for subroutine nesting
Open drain option on all /O lines
12 bi-directional I/Q iines
2 usec instruction execution time

DESCRIPTION

The PIC1654S microcontrolleris a MOS/LS! devica con-
taining RAM, /0, and a central processing unit as wall
as customer-defined ROM on a single chip. This com-
bination produces a low cost solution for applications
which require sensing individual inputs and controliing
individual outputs. Keyboard scanning, display driving,
and other systern control functions ¢an be done at the
same time due to the power of the 8-bit GPU,

The internal ROM contains a customer-defined program
using the PIC's powerful instruction set to specify the
overall functional characteristics of the device. The 8-bit
input/output registers provide latched lines for interfac-
ing to a limitless variety of applications. The PIC can be
used to scan keyboards, drive displays, contro! elec-
tronic games and provide enhanced capabilities for
motor contral, teleacommunication equipment, radios,
television, consumer appliances, industrial timing and
control applications. The 12-bit instruction word format
provides a powerful yet easy to use instruction repertoire
emphasizing single bit manipulation as well as logical
and arithmetic cperations using bytes.

PIN CONFIGURATION
18 Lead Dual In Line
18 Lead SOIC
) Top View
—RA2 04~ 18h Al e
ERA3 [ 2 17[] RAO &>
—RTICC O3 16 ] -OSC1 ¢«—
—MCLR [14 15[] 0SC2 —
— GND [ 5 1411 Vpp <
—PRBO 6 130 RB7
—RB1 Q7 12{] RB6 ¢
—RB2[]8 11 RB5 <
—RB3 [} 9 10[] RB4 >

The PIC1654S is fabricated with N-Channel Silicon
Gate technology resulting in a high performance prod-
uct with proven reliability and production history. Only a
single wide range power supply is required for opera-
tion, and an on-chip oscillator provides the operating
clock with an external crysta! or ceramic resonator to
establish the frequency. Inputs and outputs are TTL-
compatible.

Extensive hardware and software support is available to
aid the user in developing an application program and to
verify performance before committing to mask tooling.
Programs can be assembled into machine language
using PICALC, a powerful macroassembler, PICALC is
available in various versions that can be run on many
popular computer systems. Once the application pro-
gram is developed several options are available to
insure proper performance. The PICES If real time In-
Circuit Emulation System, PIC Field Demo boards (PFD),
andthe ROM-lessversionofthe PIG1654S, the PIC1664,
provide all required development and debugging tools.

© 1990 Microchip Technology Inc.
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ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC series microcon-
troller is based on a ragister file concept with simple yet
powerful commands designed to emphasize bit, byte,
and register transfer oparations. The instruction set also
supports computing functions as well as these control
and interface functions,

Internally, the PIC is composed of three functional efe-
ments connected together by a single bidirectional bus:
the Register File composed of 32 addressable 8-bit
registers, an Arithmetic Logic Unit, and a user-defined
Program ROM composed of 512 words each 12 bits in
width. The Register File is divided into two functional
groups: operalional registers and general registers. The
operational registers include, among others, the Real
Time Clock/Counter {RTCC), the Program Counter (PC),
the Status Register, and the I/0 Registers. The general
purpose registers are used for data and control informa-
tion under command of the instructions.

The Arithmetic Logic Unit contains one temporary work-
ing register (W Register) and gating to perform Boolean
functions between data held in the working register and
any file register.

The Program ROM contains the aperational program for
the rest of the logic within the controller, Sequencing of
microinstructions is confrolled via the Program Counter
(PC) which automatically increments to exscuts in-line
programs. Program control operations can be performed
by Bit Test and Skip instructions, Jump instructions, Call
instructions, or by loading computed addresses into the
PC. In addition, an on-chip two-level stack is employed
to provide aasy to use subroutine nesting. Activating the
MCLR input on power up initializes the ROM program to
address 777s.

DS33013A-2
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PIN FUNCTION TABLE

Signal

Definition

0OSC1 (Input), OSC2 (Output)

RTCC (Input)

RAOQ-3 (Input/Output)

RBO0-7 {Input/Qutput)

MCLR (Input}

Voo

Vss

These pins are the time base inputs to which a crystal, ceramic resonator, or
external single phase clock may be connected. The frequency of oscillation
is 8 times the instruction cycle frequency.

Real Time Clock/Counter. Used by the microprogram to keep track of elapsed
time between events. The Real Time Clock/Counter Register increments on
falling edges applied to this pin. This register (F1) can be loaded and read by
the program. This is a Schmitt trigger input. A mask option will allow an
internal clock signal whose period is equal to the instruction execution time to
drive the real time clock counter register. In this mods, transitions in the RTCC
pin will be disregarded. However, the pin must be tied to either Vss or VoD to
avoid unintended test mode activation.

4 user programmabile 1O lines (F5). The four MSB's are always read as logic
0's. All inputs and outputs are under direct control of the program. A mask
option will allow any 1/O pin at the time of ROM pattern definition to be open
drain., .

8 user programmable 1/0 lines (F6).
All inputs and outputs are under direct control of the program. A mask opticn
will allow any /O pin at the time of ROM pattern definition to be open drain.

Master Clear. Used to initialize the internal ROM program to address 7778
and latch ali /O registers high, Should be held low 10 - 756ms past the time
when VDD 2 4.5V depending on the crystal start up time.

This is a Schmitt trigger input.

Power supply.

Ground pin.

© 1990 Microchip Technology Inc.
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REGISTER FILE ARRANGEMENT'

File (Octal) Function

FO Not a physically implemented register. FO calls for the contents of the File Select Register
{fow order 5 bits) to be used to select a file register. FO is thus useful as an indirect
address pointer. For example, W + FO - W will add the contents of the file register pointed
to by the FSR (F4) to W and place the result in' W.

Fi Real Time Clock/Counter Register. This register can be loaded and read by the microprogram.
The RTCC register keeps counting up after zero is reached. The counter increments on high-to-
low transitions on the RTCC input. However, if data is being stored in the RTCC register
simultaneously with a negative transition on the RTCC pin, the RTCC register will contain the
new stored value and the external transition will be ignored by the microcomputer.

F2 Program Counter (PC). The nine bit widé PC is automatically incremented during each instruction
cycle, unless it is written into under program control (MOVWF F2, GOTO, CALL, ADDWF F2,
RETLW). CALL, MOVWF2, ADDWF2 instructions write only the 8 low order bits of the PC, while
the MSB is made to zero, Only the 8 low order bits of F2 can be read under program contral,

F3 Status Word Register. F3 can be altered under program control only via bit set, bit clear, or
MCOVWEF F3 instruction.

@ ©® ©B @ @ @ 0

1 1 1 1 1 z DC| C

C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most
significant bit of the resultant.
For ROTATE instructions, this bit is loaded with either the high or low order bit
of the source.

DC (Digit Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the 4th
low order bit of the resultant. Note that a subtraction os always executed as an
addition of the two's complement of the second operand.

Z (Zero): Set if the result of an Arithmetic operation is zero.
Bits: 3-7 These bits are defined as logic ones.
F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating

eftective file register addresses under program conirol. When accessed as a directly addressed
tile, the upper 3 bits are read as ones.

F5 I/O Register A (RA0-RA3) (RA4 - RA7 defined as zeros).
Fé /O Register B (RBO-RB7).
F7-F37s General Purpose Registers.

DS33013A-4 4-40 © 1990 Microchip Technology Inc.
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BASIC INSTRUCTION SET SUMMARY

Each PIC instruction is a 12-bit word divided into an OP
code that specifies the instruction type and one or more
operands specifying the cperation of the instruction.
The following PIC instruction summary lists byte-ori-
ented, bit-oriented, and literal and control operations.

For byte-oriented instructions, "f" represents a file regis-
ter designator and "d" represents a destination designa-
tor. The file register designator specifies which.one of
the 32 PIC file registers is to be utilized by the instruction.
The destination designator specifies where the result of
the operation performed by the instruction is to be
placed. If "d"is zero, the result is placed in the PIC W
register. If "d” is one, the result is returned to the file
register specified in the instruction. ’

| T-49-19-0¢

For bit oriented instructions, "b" represents a bit field
designator that selects the number of the bit affected by
the operation, while "f* represents the number of the file
in which the bit is located.

For literal and control operations, "k" represents an
eight- or nine-bit constant or literal value.

For an oscillator frequency of 4MHz the instruction
execution time is 2 isec, unless a conditional test is true
or the program counter is changed as a result of an
instruction*. inthese two cases, the instruction execu-
tion time is 4 psec.

* (GOTO, CALL, RETLW, MOVWF2, ADDWF2),

BYTE-ORIENTED FILE REGISTER

Ford=0,f— W (PICAL accepts d = 0 ord = W In the mnemonic)

(11-6) (8)  (4-0)
[OPCODE[ d [ fFILE#) |

d=1,f—f (ifdis omilted, assembler assigns d = 1).
Instruction- Mnemonic, ] Status
Binary (Octal) Name Operands Operation Affected
000 000 Q00 000 (0000) { No Operation NOP - - None
000 Q00 iff it (0040) | Move Wto f (Note 1) MOVWF - W None
000 001 000 Q00 (0100) | Clear W CLRW - 0-W z
000 001 it i (0140) | Clearf CLRF f 0—of Z
goo oi0 dff e (0200) | Subtract W from { SUBWF  fd | EW—d[f+W+1=d) ¢.DC.Z
000 011 dff ftf (0300) | Decrementt DECF fd | t-1—>d Z
000 100 dif fif {0400) | Inclusive ORW and { IORWF fd | Wvioad - z
000 101 dff ff (0500) | ANDbW and f ANDWF  fd | Wefod 4
000 110 dff ftf {0600) | Exclusive CRW and f XORWF fd | Wef-d z
000 111 dif ftf (0700) | Add W and f ADDWF fd | W+ F—d c.bc2
001 000 dff ftf (1000) | Movef MOVF fd | f—od z
001 001 dff fit (1100) | Complement f COMF fd | f—d zZ
001 011 dif i (1200) | Increment f INCF f.d | f+1d z
001 011 dff fit (1300) | Decrementf, Skipto Zero| DECFSZ fd | f-1-—d, skipif Zero None
001 100 dff it (1400) | Rotate Right f RRF fd | f(n)—d({p-1), C—=d(7), f(0)=C| C
001 101 dff fit {1500} | Rotate Leftf RLF f.d | f{n)—>d(n + 1), C—d(0), c
f{7)=C
001 110 dif fff (1600) | Swap halves f - SWAPF  fd | f(0-3)¢>f(4-7)—d None
oo1 111 dif it (1700) .| Increment f, Skip if Zero INCFSZ fd | f+ 1—d, skipif Zero None
© 1990 Microchip Technology Inc. 4-41 DS33013A-5
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' ' (18 (75 (40)
BIT-ORIENTED FILE REGISTER OPERATIONS ('GP conE | b (aIT #] KFILE #)
instruction- Mnemoﬁlc Status
Name ! (o] ti
Binary {Qctal) Operands peratian Affected
070 0bb bff  fif _ {2000) | Bt Clearf BCF b1 0=i{D) None
010 1bb bft ftf {2400) | Bit Setf BSF fb | 1-f(b) None
011 Obb bff  fff {3000) | Bit Tastf, skip if Clear BTFSC  fb | Bit Test {(b): skip if clear None
011 1ibb btf fff (3400) | Bit Test f, skip if Set BTFSS f,b { Bit Test f{b): skip if set None
) - {11-8) (7-0}
LITERAL AND CONTROL OPERATIONS ["OP CODE | K(LITERAL) |
Instruction- Name , Mnemonie, Operation Status
Binary (Octal) Operands Affected
100 Okk kkk kkk  (4000) | Return and place Literal in W RETLW Kk k—w, Stack—PC None
100 1kk kkk kkk  (4400) | Callsubroutine {Note 1} CALL k PC+1-Stack, k—PC None
107 kkk kkk  kkk  (5000) | Go to address (k is 9 bits) GOTO K k—PC None
110 Okk kkk kkk  (6000) | Move Literalto W MOVLW k k—W None
110 1kk kkk  kkk  (6400) | Inclusive OR Literal and W IORLW k KVW-oW Zz
141 Okk kkk  kkk  (7000) | AND Literal and W ANDLW k keW—-W Z
111 1kk kkk  Kkkk  (740Q) | Exclusive OR Literal and W XORLW k k®W->W z
NOTES:

1. The 9th bit of the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, subroutines must be

located in program memory locations 0-3778. Howaver, subroutines can be called from anywhere in the program
memory since the Stack is 9 bits wide.

2, When an I/O register is modified as a function of itself, the value used will be that value present en the output pins. For
example, an output pin which has been latched high but is driven low by an externa! device, will be relatched in the low

state.

DS33013A-6
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SUPPLEMENTAL INSTRUCTION SET SUMMARY

The following supplemental instructions summarized
below represent specific applications of the basic PIC

T-47-/9-08

tion BCF 3.0 ("Bit Clear, File 3, Bit 0"). Theseinstruction
mnemonics are recognized by the PIC Cross Assembler

instructions. For example, the "CLEAR CARRY" sup- {PICAL).

plemental instruction is equivalent to the basic instruc-
SUPPLEMENTAL INSTRUCTION SET SUMMARY

instruction- Mnemonic, . Status
Binary {Octal) Name Operands Cperation Affected

010 000 000 o011 ({2003} | Clear Carry CLAC BCF 3,0 -
010 100 Q00 011 (2403} | Set Carry SETC BSF 3,0 -
010 000 100 011 (2043) | Clear Digit Garry CLRDC BCF 3, 1 -
010 100 100 011  (2443) | Set Digit Carry SETDG BSF 3, 1 -
010 001i 000 0Of1 (2103) | Clear Zero GLRZ BCF 3,2 -
010 101 000 011 (2503) | SetZero SETZ BSF 3, 2 -
011 100 000 Of1  (3403) | Skip on Carry SKPC BTFSS 3,0 -
011 000 000 041 (3003) { Skip on No Carry SKPNC BTFSC3, 0 -
011 100 100 011  (3443) | Skip on Digit Carry SKPDC BTFSS 3, 1 -
011 000 100 Qi1 (3043) | Skip on No Digit Carry SKPNDC BTFSC 3,1 -
011 101 000 ON (3503) | Skip on Zero SKPZ BTFSS 3,2 -
01t 001t Q00 011 (3103) | Skip on No Zero SKPNZ "BTFSC3, 2 -
001 000 1ff fif (1040) | Test File TSTF MOVF f, 1 Zz
001 000 Off it (1000) | Move Fileto W MOVFW f MOVF{, ¢ z
001 001 iff fif {1140) | Negate File NEGF td COMF f, 1
001 010 dff fff (1200) NCFf.d 4
011 000 000 011 (3003) | Add Carry to File ADDCF f.d BTFSC 3,0
001 010 dff fff (1200) INCF t.d FA
011 000 €00 011 (3003) | Subtract Carry from File SUBCF {,d BTFSC 3,0
000 011 dff #f  (0300) DECF 1.d z
011 000 100 011 (3043) | Add Digit Carry to File ADDDCF f.d BTFSG 3, 1
ool o010 dff fif (1200) INCF f,d Z
011 000 100 011 (3043) | Subtract Digit Carry from File SUBDCF f.d BTFSC 3,1
000 011  dif ftf (0300) DECF f,d Zz
101 kkk kkk  kkk  (5000) | Branch Bk GOTO k -
011 000 000 011 (3003) | Branch on Carry BCk BTFSC 3, 0
101 kkk kkk kkk (5000} GOTCk -
011 100 000 011 (3403} | Branch on No Carry BNCk BTFSS 3, 0
101 kkk kkk kkk  {5000) GOTOk -
011 100 100 011  (3043) | Branch on Digit Carry BDCk BTFSC 3, 1
101 kkk kkk kkk  (5000) GOTO k -
011 001 000 011 (3443) | Branch on No Digit Carry BNDC k. BTFSS 3, 1
101 Kkkk kkk kkk  (5000) GOTO k -
011 101 000 011 (3103) | Branch on Zero BZk BTFSC 3, 2
10t kkk kkk kkk  (5000) GOTOk -
011 101 000 011 (3503) | Branch on No Zero BNZ k BTFSS 3, 2
101 kikk kkk kkk  (5000) GOTO k

® 1990 Microchip Technology Inc. 4-43 DS33013A-7
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/O INTERFACING

The equivalent circult for an I/O port bit is shown below
as it would interface with either the input of a TTL device
(PIC Is outputting) or the output of an open collector TTL
device (PIC is inputting). Each WO port bit can be
individually time muitiplexed between input and output
functions under software control. Wihen outputting
through a PIC /0O Por, the datais latched at the port and

the pin can be connected directly to a TTL gate input.
When inputting data through an #O Pant, the port latch
must first be set to a high level under program controt.
This turns off Q,,, allowing the TTL open collsctor devige
to drive the pad, pulled up by Q,, which can source a
minimum of 100uA. Care, however, should be exer-
cised when using open collactor devices due to the
potentially high TTL leakage current which can exist in
the high logic state.

TYPICAL INTERFACE-BIDIRECTIONAL I/0 LINE

y T T Voo
DD | I g
Vbo
b N 01 I I s
{INTERNAL D L Al
DATA BUS) WRITE Q 1V o
(INTERNAL—C S | L‘ITL DEXICE_I_NPEI‘ I
SIGNAL) Eﬁz |
MCLR = r— — — — — — —
[ i
= IR .
_C-— READ |
{INTERNAL | L TTLDEVICE OUTRUT
SIGNAL) PicroBiT | L (OPEN COLLECTOR)

NOTE: TRANSISTOR Gi CAN BE REMOVED PER MASK OPTION TO FORM AN OPEN-DRAIN OUTPUT.

PROGRAMMING CAUTIONS

The use of the bidirectional /0 ports are subject to
cortain rules of operation. These rules must be carefully
followed in the instruction sequences written for 1/O
operation.

BIDIRECTIONAL I/O PORTS

The bidirectional ports may be used for both inut and
output operations. For input operations these ports are
non-latching. Any input must be present untilreadby an
input instruction. The outputs are latched and remain
unchanged until the output latch is rewritten, For useas
an input port the ouiput latch must be set In the high
state. Thus the external device inputs to the PIC circuit
by forcing the latched output line to the low state or
keeping the latched output high. This principle is the
same whether operating on individual bits or the entire
port.

Someinstructions operate internally as inputfollowed by
output operations. The BCF and BSF instructions, for
example, read the entire port Into the GPU, execute the
bit operation, and re-oufput the result. Caution must be
used when using these instructions. As an example a
BSF operation on bit 5 of F6 (port RB} will cause all eight
bits of 6 to be read into the CPU, Then the BSF
operation takes place on bit 5 and F6 is re-output to the
outputlatches. It anotherbitof F6 isused as aninut (say
bit 0) then bit 0 must be latched high. If during the BSF
instruction on bit 5 an external device is forcing bit 0 to
the low state then ihe input/output nature of the BSF
instruction will leave bit 0 latched low after execution. in
this state bit 0 cannoct be used as an input until it is again
latched high by the programmer. Refer to the examples
on the next page.

DS33013A-8
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Successive Operations onBidirectional
I/0 Ports

Care must be exercised if successive instructions oper-
ate on the same I/O port, The sequence of instructions
should be such to allow the pin voltage to stabilize (load
dependent) before the next instruction which causes

EXAMPLE 1

N
p
TT17T I\@——"
Fs|o|o|o|o|1|1|1|1J =
N —
QUTPUT INPUT
What is thought to be happening:
BSF 6.5
Read into CPU: 00001111
Sef bit 5: 00101111
Write to F6: 00101111

If no inputs were low during the instruction
axecution, there would be no problem.

T-49-/9-08

that file to be read into the CPU (MOVF, BIT SET, BIT
CLEAR, and BIT TEST) is executed. Otherwise, the
pravious state of that pin may be read into the CPU
rather than the new state. This will happen if tpd (See /
O Timing Diagram) is greater than 1/4tcy (min). When
in doubt, it 's better to separate these instructions with a
NOP or other instruction.

EXAMPLE 2
AN
N
rr11l) Ly —]
Fsro[ololo|1|1|1|1| =
\ . N
OUTPUT INPUT
What could happen if an input were low:
BSF 6,5
Read into CPU: 00001110
Set bit 5: 00101110
Write to F6: 00101110

In this case bit 0 is now latchied low and is
no lenger useful as an input until set high
again.

© 1990 Microchip Technalogy Inc.

4-45

DS33013A-9



2

CROCHIP TECHNOLOGY INC
PIC1654S

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Ambient temperature under blas.........cccccurivnnnne 125°C
Storage Temperature .......eemei -55°C to +150°C
Voitage on any pin with respect to Vss (except open

Arain v . -0.3V to + 9.0V
Voltage on any pin with respect to Vss (open drain)

................................................................... -0.3V to + 13V
Power Dissipation (Note 1) .....cccvverevienninnnienne 800mwW

T49-/9-0%

* Exceeding these ratings could cause permanent dam-
age to the device. This Is a stress rating only and
functional operation of this device at these conditions is
notimplied. Operating ranges are specified in Standard

Conditions.

Exposure to absolute maximum rating

conditions for extended periods may affect device relia-
bility.

Data labeled "typical” is presented for design guidance
only and is not guaranteed.

DC CHARACTERISTICS - PIC16C54S
Operating temperature TA = 0'C to + 70'C

lated as follows:
Po = (Vob) {lop) + Z(VoD - ViL) (iloH:} + 2 (VoL)
(loL),
The term I/O refers to all interface pins; input,
output or ¥O.

2. Positive current indicates current into pin.
Negative current indicates current out of pin.

Characteristic Sym Min Typt | Max Units Conditlons

Power Supply Voltage Voo 45 - 7.0 Y

Primary Supply Current oo - 30 | 50 mA All /O pins @ VDD (See
Primary Supply Current
Chart for additional
information). -

Input Low Voltage ViL -0.2 - 0.8 A

Input High Voltage (except

MCLR, RTCC & 0O8C1) VIH 24 - Vob \

Input High Valtage

(MCLR, RTCG & OSC1) ViHz Voo-1| - Voo v (Note 4)

Cutput High Voltage VOH 24 - Vop v l0H = -100pA provided by
Internal pullups (Note 2)

Qutput Low Voltage Vol - - | 0.45 \ loL = -1,.6mA, (Note 3)

(/0 only) :

Input RTGC Currerit IrTCC - 7 20 uA Vss < VIN £ VoD

Input Leakage Current (MCLR) | lc -5 - +5 pA Vss < VIN £ Vop

Output Leakage Current loL - - 10 pA Vss < VPIN € 12V

(open drain pins) :

Input Low Current liL -02 - -1.6 mA ViL = 0.4V (internal puliup)

{all /O ports)

Input High CGurrent IH -04 04| - mA VIH = 2.4V

(all /O ports)

+ Typical data is at TA = 25°C, Vop = 5.0V,

NOTES:

1. Total power dissipation for the package is calcu- 3. Total lot for all output pins must not exceed 175

4,

mA.

Instantaneous voltage on the RTCC and MCLR
input must not exceed Voo + 1V otherwise the test
mode may be entered. Ifthe RTCC pinis not used
in an application it must be tied to Vss or Vob.

DS33013A-10
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DC CHARACTERISTICS-PICT 6548-|
Operating temperature Ta = -40°C to +85°C

Characteristic Sym Min Typt| Max |Units Conditions

Power Supply Voltage Vob 45 - 7.0 v

Primary Supply Gurrent [ss) - 30 54 mA | All /O pins @ Vop {Sea
Primary Supply Current
Chart for additional
information).

Input Low Voltage ViL -0.2 - 0.8 Vv

Input High Voltage {except

MCLR, RTCC & 0SC1) VIH 24 - Vob v

Input High Voltage .

{MCLR, RTCC & 0ScC1) ViHz2 Vop-1| - Voo v {Note 4)

Output High Voltage VoH 24 - Vob v [OH = -100pA provided by
internal pullups {Note 2)

Output Low Voltage VoL1 - - 045 | v loL = -1.6mA (Note 3)

(VO only) :

input RTCC Current IrRTCC - 7 20 RA Vss < VI, £ Vop

Input Leakage Current (MCLR) | Ic .5 - +5 HA | Vss<VIN.<Vop

Output Leakage Current loL - - 10 MA Vss < VPIN < 9V

(open drain pins)

Input Low Current (all /O ports) | I -0.2 - -1.6 mA | ViL=0.4V(internal puliup)

TA=0'Cto085°C

Input High Current (all 170 ports) |IHV -0.1 04| - mA | ViH=24V

1 Typical data is at Ta = 25°C, Vop = 5.0v.

NOTES;

1. Total power dissipation for the package is calgu- 3. Total loL for all output pins must not exceed 175
lated as follows: mA,
Po = (Vop) (lop) +Z(VDD-ViL) (L) + % (Voo - Vor) 4, Instantaneous voltage on the RTCC and MCLR
(iloH) + 3(VoL) (iot). input must not exceed Voo + 1V otherwise the test

2. Positive current indicates current Into pin. mode may be entered. lfthe RTCC pinis not used

Negative current indicates current out of pin. in an application, it must be tied to Vss or Vop.
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DC CHARACTERISTICS - PIC1654S-H
Operating temperature Ta = -40'C to + 110°C
Characteristic Sym Min Typt | Max | Units Conditions
Power Supply Voltage Voo 45 - 55 v
Primary Supply Current Ibo - 35 58 mA All /O pins @ VoD (See
Primary Supply Current Chart
for additional information).
Input Low Voltage ViL -0.2 - 0.8 v '
input High Voltage {except
MCLR, RTCC & OSGC1) ViH 24 - Voo |V
Input High Voltage _
(MCLR, RTCC & OSCH) ViHz Voo-1 | - Voo v (Note 4)
Qutput High Voltage VoH 24 - Voo ' loH = -100pA provided by
’ internal pullups (Nofe 2)
Output Low Voltage (/0 anly) Voui - - 0.45 v loL = -1.6mA (Note 3)
Input RTCG Current InTce - 7 20 pA Vss < VIN < VoD
Input Leakage Current (MCLR) | ILc -5 - +5 HA Vss < VIN< VDD
Qutput Leakage Current loL - - 20 uA Vss s VRN < OV
(open drain I/O pins)
Input Low Current (alt I/0 ports) | L -0.2 - 1.6 mA VIL = 0.4V(internal pullup)
TA=0Cto 110°C
Input High Current (all /O ports) | I -04 04 - mA VH = 2.4V
T Typical data is at TA = 25°C, VoD = 5.0V.
NOTES:
1. Totai power dissipation for the package is calcu- 3. Total loL for all cufput pins must not exceed 17
lated as follows: 5mA.
PD=(VoD) (IpD) + %(VDD - ViL) (1liL1) + X(VOD - VOH) 4. Instantaneous voltage on the RTCC and MCLR
(rlonr) + (Vo) (lov). input must not exceed VoD + 1V otherwise the test
2. Positive current indicates current into pin. mode may be entered. if the RTCC pin is notused
Negative current indicates current out of pin. in an application, it must be tied to Vss or VoD.
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AC CHARACTERISTICS - PIC1654S
Operating temperature TA=0°Cto +70°C
-40'C to +85°C and -40°C to + 110°C

T=-49+9-0¢

1

fimax) =

1
RT (min) _tCY {min) + 0.2us

Characteristic Sym Min Typ Max Units Conditions

Instruction Cycle Time tcy 2 - 10 us | 0.8 MHz - 4.0MHz external
time base (Notes 1 and 2)

ATCC Input

Period RT tcy =0.2us-| - - - Note 3

High Pulse Width tATH | 1/21RT - - -

Low Pulse Width tARTL | 1/2tAT - - -

NOTES:

1. Instruction cycle period (tcY) equals eights times the input oscillator time base period.
2. The oscillator frequency may deviate to 4.08MHz to allow for tolerance of a crystal or ceramic resonator

time base element.
3. The maximum fraquency which may be input to the RTCC pin is calculated as follows:

For example: if tCY = 4us, fimax) = i ;MS = 238KHz.
RTCC TIMING
k tRTH Sk tATH 3]
I | |
RTCC t I !
k Rt >
1 4
© 1990 Microchip Technolagy Inc. 4-49 DS33013A-13
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20pF

OSCILLATOR OPTIONS (TYPICAL CIRCUITS) (Cont.)
CRYSTAL INPUT OPERATION

-

J__ 1-10M [

)

20pF

* Or ceramic resonator

EXTERNAL CLOCK INPUT OPERATION

CLOCK FROM

> 0OSC1 (PIN 16)

= XTAL* PARALLEL
—— RESONANT)

—AM— OSC2 (PIN 15)
1K

EXTERNAL SYSTEM

NC

~N

> OSCt (PIN 16)

0OSC2 (PIN 15)

PRIMARY SUPPLY CURRENT AT SELECTED TEMPERATURES

PIC1654S '
7 7 | PiC1654s-l PIC1654S-H 7 7

Characteristic Sym [Typ | Max Typ Max | Units | Conditions.

Primary Supply Current oo | 40 54 48 58 mA -40°C, All i/O pins at Vop
35 50 44 54 mA 0°C, All /0 pins at Vop
24 45 39 49 mA 70°C, All VO pins at Vop
22 42 36 46 mA 85°C, All //O pins at Voo
- - 30 40 mA 110°C, All /0 pins at Voo

DS33013A-14 4-50 © 1990 Microchip Technology Inc.
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PIC1654S

MASTER CLEAR (TYPICAL CIRCUIT) .

Vb
Rext & R< 100K
Typical Values
MCLR (PIN 4) R = 100K
Cext 0.1pF G =0.1uf

"The MCLH pin must be pulsed low for a minimum of one
complete instruction cycle {tcy) for the master clear function
to be guaranteed, assuming that power is applied and the
oscillator Is running. Far initial power application, a delay is
required for the external oscillator time base element fo start
up before MCLR is brought high. To achleve this, an
axternal RC configuration, as shown, can be used. This
provides approximately a 10ms delay (assuming Vpp is
applied as a step function), which may be insufficient far
some time base elements. Consuit the manufacturer of the
time base element for the specific start-up times.

7-49-17-08

OUTPUT SINK CURRENT GRAPH (TYPICAL)
20
15 = VpDp-5.0v
/_/
oL
(ma) 10 g
L~ '
5 .
A
L7
1.0 2.0 3.0
VoL (volts)
loLVS VoL
Tp =25°C, Vpp=5.0V
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SALES AND SUPPORT

T-49-19-08

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the

factory or the listed sales offices.

PART NUMBERS
PIC1654S - H/PX

Pattern 3-Digit

Package P

*S0

L

Temperature Blank

Range I

H

— | Device PIC16548

Notes: *SOIC and PLCC available in Commercial Temperature (0°C to +70°C) only

Pattern Code

Plastic DIP
SOIC (Gull Wing Lead)
PLGC (J Lead)

0°C to +70°C
-40°C to +85°C
-40°C to +110°C

]
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