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ABSTRACT

Teleswitch is the equipment that can be used for conference through telephone line . From
this machine 5 people can make a conference by using the telephone line . The main purpose of
this machine is to save the time . We don't have to go to join the conference ourselves , but we can
make a conference or conversation by only telephoning to the center and the center will contact
every person who has to join the conference and then 5 people on the telephone line can
communicate or discress with each other .Teleswitch can choose which line to talk and control each
single line to stop talking or holding on . In addition , we can apply this machine to use with other
application in the studio or the recording room by using the telephone for interviewing . We can also

use thig machine for making a conference in the office through telephone line .
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3. Data Register File
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MOVF W  douwanimariimsusmrasteyauaradlifinauldaudaysiawimnauniiasiideya
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2.3.3 SPECIAL PURPOSE REGISTERS

1. W ( Working Register )
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. 128
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1.... TRANSITION ON RTCC PIN
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U 2.14 uasslnsea¥rezes OPTION REGISTER



2.34 RESET CONDITION
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5.1.5 Lﬁ@m”mmﬂﬁnm?m:qw?‘ﬂL§nmnmmmmﬂ%~mumuéolﬁv‘hm?nmﬂu OFF ez
N3 CLEAR snevfouan itefiasyinlindaniasinensielyl

516 Wedasmsiasdaneuinnia sanufgmnsvinldlaeinedes TELESWITCH lld
sanfudnitemii Tnamslianetemitlsien LNk 10AAIaT Fuflanading LNK  deay

1] A 1] 1] 1] 1 1] - ::
wnstadenldieiesh 2 Taanazidan LINE fdasdi 2 deasynilE LINE vavus 10 LINE



80

TELESWITCH

OFF HOLD CONF LINET LINE2 LINE3 LINE4 LINES

7156 LAASIUMIIRATENNAFINTS LINK TEM99 2 1AF4
5.2 Wenduaasuse qAmumiiraaias

521 OFF | WARINISANMIIN A S OFF - #9dsasianidriasimiontiay
NN

5.2.2 HOLD LLﬂﬂQﬂﬁ?ﬁﬂ'&’)ilLﬁﬂﬁ@dﬂﬁ?ﬁﬂﬂ’\ﬂlﬁﬁﬁﬂ’]ﬁ‘ﬂﬂﬂu HOLD  Beasyinl¥itlu LINET
09 LINES nsewsudindlanediaug

523 CONF  uamanisilsvqusan Lﬁfaﬁmm?ﬁ%ﬂ?xwéquﬁulﬁﬁﬁma‘nmﬂu CONF uda
nAUN LINE 1-LINE 5 udousiavsiaania@en LINE  Tmilumslszgy

524 LINK usmmmdenludnieiosil LINK Mu dledieansld LNE wnndn 5 LINE f
fiawin LINK ldsdnisdamitdeaninlils 10 wisg

: 4 2 g
525 LINE1-LINE5S usmeindanglwuGondhan  Wedesnimyadu UNE imsfiling LINE



TELESWITCH

OFF

.l“
HOLD CONF LINEL LINE2 LINE3 LINE4  LINES

7t 57 ugnasiuniineeATas TELESWITCH

Liak = - HOLD LEVEL POWER

o ® - [

Hybrid ‘
AUDIO-IN

H O = {)‘

v

ot
v

< ¥ o =
JUN 58 uaRIATUNAIIBAUATEY TELESWITCH



82

<l
UNN 6
a <
undnsnacagy

nnuansasasateng asiiuliindyguiidan? HOLD AUDIO IN Wuszgnaene
- & P )4 Ve 4 . - ~ o
winin  Teedidnsnisreneiituediudt R uas Rin  Slunquijasansnsomdnsmnsteny uas

wwinnlaaviiea lilnaannisiail
ARTINITENE (A) = Rf/Rin
wwmnlaiies (Vo) = (Rf/Rin )*Vin

AN 4.3 aziiulid dyqnuazgnenszdy ( clamper) eswnndnd vref tauidnfian
noninverting a9azeInsEiU DC FUMMINATDS Vief AFeatlan Vref tumszdn Voo Aleulsiiy
LF 347 thussiliamizluandunsadivinds Sedabitlow Vref Wit LF 347 azilihiannsoteng
dFryoyrodlugaeiifuauly %omngﬂqw?gﬂﬁ 3.9 \dlelloudryqoudi® HOLD AUDIO IN R
Wm 104 mVpp AZl¥ 1mnases HOLD AUDIO OUT fabl

Vo = (Rf/Rin)*Vin
Vo = (20k/3.5k)*104mV
Vo = 594.2 mV

AINNANIINARRINIARTIARLATYYINsEAN  axuiulidnfedidyyrunsziadnune

- = o - ot -
winnidludygrausiasviininesiadullaungud

NNANINARBINIA CENTER CONTROL msidandtynrnuusasaeasld RB3 RB4 RB5S
RB6 RB7 Taridannismauanwsissdattanmmanaiunyi 4 arlfanundresesdoyyinlszinn
36 uS Tnuazdedtygnueanilmuanusiasgaralneldgansadudygnns  Loop_Det  iengaifen

Aazanansonsldidnganauyinauls



83
NNNIIMARBILTIARBLIATeNST NI Anmnsoriamnszgumnatns ATl

anvuzuszAUNNTBadsasAvie liATuet funsune e funmde [INMINAaeessguiy
2 &g Aunmasudsssinnusieligiu 3 aefazanunsadszanld usiFesazinge usilume
upAfismnandinufl console W mazfusni i lumingnszannideas bisesityuiin
wirzimeanmainuld  wided il ludwine Gueetsaninae Sriinistszon 4 ane uas
5 a8 widmiunstszguliiu 3 aeebififyun anmmesenlszdninmsaeienlssgma
' i ’ ' 14
el azegislflauFasmfiiduiaudiimnneandell  TaeUndue1¥losasiseiuating
3 -3 ° & Py - | 4 o & ) v
d1e fisnsoiewlilussdumildainmaansalfuinunisteneuasindanasadoygusunouls

- o as -’d’u-al 2
Tadassiifianuanysallumsldnuunn

ANNTNARDINATNARLTHUNWIMNALATasE NN INIA YRz amn savnauldademnu
R 1 H 1]
nnuszasifnsliuinanisdned 1 uazmiansdinei 2 Seazanmnsmihsvendldendilu
b4 w -J ' ) 9 :: < v b7 -~ d. 3 Y o - v
wangenussinaanuduaziulidlasmazannlondussinte - winefdavinAnirdines

Wirdeniuldetniilssansn st inssansassaudyoodlu Fepraazui 1yl 6.1

Linein |

bl

Linein 2

o

Linein 3 Line out

Q)

Lincin4

Linein 5

L2

4 :
$UN 6.1 uaminssiansassdtynynn

nngrziulddmndansasidnfunuiiaditnfinslseg 5 are fadledimsutlasanann

4 A

] ] 1 4
magaminliimasludnausiloulilussdiviiovinis  mesngunsallibivunsuastigm

AN ] MM g radarinasasludnaizianana 1d



AMANUIN

‘ MOTOROLA

H11L1
H11L2

DIGITAL LOGIC COUPLERS

... gallium arsenide IRED optically coupled to high-speed inte-
grated detectors with Schmitt trigger outputs. Designed for ap-
plications requiring electrical isolation, fast response time, noise
immunity and digital logic compatibility such as interfacing com-

puter terminals to perip.

heral equipment, digital control of power

supplies, motors and other servo machine applications.
e High Isolation Voltage — Vigg = 7500 Vac (Min)
e Guaranteed Switching Times

o~

ton- loff < 4.0 us

® Built-In ON/OFF Threshold Hysteresis

e Economical, Standard Dual-in-Line Plastic Package
o UL Recognized, File No. E54815

OPTO
COUPLER/ISOLATOR

SCHMITT TRIGGER
OuUTPUT

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

9

l

Rating

l SymbolJ Value i Unit

INFRARED EMITTING DIODE MAXIMUM RATINGS

(61 {3) (4]

I
'."'."J

bl

\
O

o
<
=
<
<
=

Reverse Voltage Vi 6.0 Voits
Forward Cutrent — Continugus Ig §0 mA
Peak 05 Amp
Pulse Width = 300 ps, 2.0% Duty Cycle ' 1
Device Dissipation Pp
Negligible Powerin C 100 mw
Derate above 25°C 133 mwW/s°C
DETECTOR MAXIMUM RATINGS
Qutput Voltage Range Vo 0-16 Volts
Supply Voltage Range Vee 0-16 Volts
Qutput Current g * . 50 mA
Devics Dissipation Pp
Negligibla Power in Diode 150 mw
Oerate above 25°C 20 mw/°C
TOTAL DEVICE RATINGS
Total Device Dissipation Pp . 250 mw
Maximum Operating Temperatura TA -5510 +100 °c
Storage Temperature Range Tstg ~5510 +150 °C
Soldering Temperature {10 s} 260 °C
Isolation Surge Voltage {Vac pk) Viso 7500 Valts

FIGURE 1 — TRANSFER CHARACTERISTICS
FOR H11L1

6.0
& v
£ 50 o
2
§ 4.0

1 1
§30 FloH) Flon) merTy.
- ‘ =
220 2 4 Ve =50V —rd
3 0 Tp=280C
S .o Yoo J i
0 0.15 1.0 0

Ig. INPUT CURRENT (mA)

STYLE S,
PN ), ANODE

. - Vee
NOTES:

1. DIMENSIONS A AND 8 ARE DATUMS,

2. {7 15 SEATING PLANE.

3. POSITIONAL TOLERANCES FOR LEADS:
[elooii ot {rvam

4. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL,

5. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5, 1973,

MILLIMETERS] INCHES
ulM] Mif MAX MiN | MAX
A} 813 {-889 10320039
60 0240 | 0,760
; .08 {0.115 ] 6.200

0] 4 5110016 [ 84
0 78 {004 [ 0070

2.54 8SC 1008

120 (]

X | 2.54 | 381 {06100 | 0050
U Tsesce 0300 85C
W] o o 15
AR R NI

T2 | 787 |00 ] 008 |

CASE 730A-01




H11L1, H11L2

[ Characteristic l Symbol l Min Typ l Max l Unit j
IRED CHARACTERISTICS (To = 0-70°C)
Reverse Leakage Current IR - 0.05 10 nA
(VR=3.0V,R|_= 1.0 M1})
Forward Vollage Vg Volts
{If = 10 mA) - 1.2 1.5
o {1g = 0.3 mA) 0.75 0.95 -
Capatitance (VR= 0V, = 1,0 MHz) c - 50 - pF
ISOLATION CHARACTERISTICS (Tp = 25°C}
[ Isolation Voliags {1) 60 Hz, ac Peak, 5 s l Viso [ 7500 ] — I — l Volts l
DETECTOR CHARACTERISTICS (Tp = 0-70°C} .
Operating Voltage Vee 3.0 — 15 Volts
Supply Current lcciotty - 1.0 5.0 mA
* {lg=0,Vee=5.0V)
QOutput Current, High oH —_ — 100 BA
(lF=0.Vec=Vo=15V)
COUPLED CHARACTERISTICS (T = 0-70°C) :
Supply Current lcCion) —_ 1.6 5.0 mA
{IF 2 Igfony. Vec = 5.0 V)
Qutput Voltage, Low Vo —_ 0.2 0.4 Volts
Ry =270 1), Vce=5.0 V. I = Ig(on) -
Threshold Current, ON Hi1LY 'Flon} —_ 1.0 1.6 mA
{RL= 27011, Vog = 5.0 V) H11L2 o A 10
Threshold Current, OFF HiiLy IFtott) 0.3 ° 0.75 — mA
(R = 2701}, Ve = 5.0V) Hi1L2 03 — -
Hysteresis Ratio If(ott) 0.5 0.75 0.90
(R = 27011, Vee=5.0V) IFion}
SWITCHING CHARACTERISTICS (T5 = 25°C)
Turn-On-Time Ry = 2700, ton — 1.2 — us
Fall Time Vees 50V, i - 0.1 -—
Turn-Off-Time tof! _— 1.2 —
I£ = IFon) olf
Rise Time t — 0.1 -
{1) For this tes) IRED Pins | and 2 are common and Oustput Gate Pins 4, 5. 6 are common, "
’ FIGURE 2 — SWITCHING TEST CIRCUIT
' IF(on) —— e — ’
If { 1L
[ S— | { i
] ! !
Vin 1N | 1
| -
t,=1y=0.01 us : —.:
2:500 T i ton b l'oﬂ —
n
= -L- | |
v Y ! :
o L i |
— - 4 '
l =1 h Lo
by [N
—f ey TP



’ : H11L1, H11L2

, - TYPICAL CHARACTERISTICS

FIGURE 3 — THRESHOLD CURRENT versus
SUPPLY VOLTAGE FIGURE 4 — THRESHOLD CURRENT versus TEMPERATURE

»
L]
o

g
5 g
a <18
54 :
Z 2 g
Tuta ON Theasheld ]
£ 12p — g 12 /
W L &L . .ot
: 5 g
g 1.0 —— g™ -
P 0.8 LT _Turn OFF Thvashald = 08
3 P & L Normatizad to
g A b ndieil VA E 06 = Vec =50V
= P 7 q ) g Ta = 25°C
= Irony 2t VoL = 5.0V 21— 2
A 0.4 Ta=25°C S T -_'-E | l
|| v 3
0 20 40 6.0 80 10 12 14 15 = -850  -25 0 25 S0 15 100
Vg SUPPLY YOLTAGE (VOLTS) = Ta TEMPERATURE (°C)
FIGURE 6 — OUTPUT VOLTAGE, LOW versus FIGURE 6 — SUPPLY CURRENT versus
LOAD CURRENT ¥ SUPPLY VOLTAGE
10
7
205 A TA=00C |
2 & off 25°C
z L i 100 RS
£ 02 Va - Ne
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TECHNICAL DATA
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Hex Schmitt-Trigger Inverter
High-Performance Silicon-Gate CMOS

tors, they are compatible with LSTTL oulpu(s

noisy environments.

J SUFFRIX
CERAMIC
CASE 632.08
The MCS54/74HC14A, is identical in pinout to the LS14, LS04, and HCO04. The
device inputs are compatible with standard CMOS outputs; with pullup resis- N SUFFIX
PLASTIC
The HC14A is useful to “square up” slow input rise and fall times. Due to CASE 646-06
the hysteresis voltage of the Schmitt trigger, the HC14A finds appiications in
D SUFFIX
G soic

.......

Output Drive Capability: 10 LSTTL Loads
Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2.0 t0 6.0 V
Low Input Current: 1.0 pA

_High Noise Immunity Characteristic of CMOS Devices
In Compliance with the Requirements Defined by JEDEC Standard No 7A
Chip Complexity: 60 FETs or 15 Equivalent Gates

LOGIC DIAGRAM

PIH 14 =Vcp
PiN 7 =GNO

T CASE 751A-02

ORDERING INFORMATION

MC74HCXXAN Plastic

MCS4HCXXAY Ceramic
SOIC

MC74HCXXAD

Ta = ~55%t0 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

e 18 vee
il ; iz 13 {146
. azf]3 12(1vs
1 ) ; v2ff s 11 {las
als 10 {rs
5 1ls 9jas
2 eNoll 7 8flve
Y=4
4

10 FUNCTION TABLE
Input I Output

(L A | v

L H

H L
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MC54/74HC14A

MAXIMUM RATINGS*

Symbol Parameter Value Unit » This device contains fvotection
Vee | OC Supply Valtage (Reterenced to GNODI -051t0 -7 v circui(ry. 10 guard against damage
Vin OC Input Vollagehlﬁeleren:ed to GNOJ -1S5twVee+ 1.5 v ::,:;o r;_;%t::"c v;l:;gj;:;:ler::;c‘
Vour | OC Qutput Voltage (Referenced to GNDI} ~-0.5 to Ve +0.5 v be taken to avoid applicasons of any
T OC input Cutrent, per Pin 220 mA voltage higher than maximum rated
lout OC Output Current, per Pin +25 A v?l!a?es to this high-impedance
circuit. For proper operation, V;,, and
Ice BC Supply Current, Ve and GND Pins . +50 mA Vout should be constrained to the
Po Power Dissipation in Still Air, Plastic or Ceramic DIPt %0 " mw range GND s {Vi, or Vo, 0 sVee.
. SOIC Packaget 500 Unused inputs must always be tied
Ts(q Storage Temperature 6510 + 150 oC 10 an a?propna:e logic votage level
= le.g.. either GND or Vel Unused
TL Lead Temperature, 1 mm from Case for 10 Seconas °C outputs must be left oosn.
{Plastic DIP or SOIC Package) 260
{Ceramic DIP) 300

*Maxmum Raungs are those vatues beyond which camage to te device may occur,
Funcional op should be to the O ing C:
tDeratng — Plastic DIP; =10 mWrC from 65° to 125°C
Ceramic DIP: - 10 mW/"C from 100 19 125°C
SQIC Package: —7 mW/C from 65° to 125°C
For hich frequency or heavy load considerations, see Chagpter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 2 6 \
Vin.Vout | OC Input Voltage, Quiput Voltage [Referenced to GND} 0 Vee v
Ta Operating Temperature, All Package Types -85 | +125 °C
. 4 Input Rise and Fall Time {Figure 1} - - No ns
Limit®

*When Vi, = 50% V¢, lcc> 1 mA,

DC ELECTRICAL CHARACTERISTICS (Vaitages Relerenced to GND)

A ) Guaranteed Limit i
oy cC ' H
Symbol Parameteor Test Conditions v 25°C to <8s°C | sisec | Unit
-55°C |
V1 -max | Maximum Positive-Going Vour=0.1V 2 1.5 1.5 o1V
Input Threshold Voltage Poyrl 20 pA 4.5 3.5 318 315 ¢
.+ | (Figure 3 3 4.2 4.2 42 !
V¥ -min | Minimum Positive-Going Vout =01 v 2 1 0.55 0 | v
Input Threshold Voltage Hloutl 20 gA . 45 2.3 2.25 25 ¢
{Figure 3} 6 3 2.5 25
VT -max { Maximum Negative-Going Vou=Vee -0V 2 0.9 0.5 0% | v
Input Threshold Voltage loutl 520 pA 45 2 2.05 2.05 :
{Figure 3) 6 |7 26 2.65 25
VT -min | Minimum Negative-Going Vout=Vee~0.1 Vv 2 0.3 0.3 0.3 v
Input Theeshald Voltage loutl 520 xA 4.5 0.9 0.9 0.9
{Figure 3) § 1.2 1.2 1.2
Vymax | Maximum Hysteresis Voltage Vout=0.1Vorvee =01V 2 1.2 1.2 1.2 v
Note 2 {Figure 3) lloutl 520 A 45 2.25 2.25 2.25
6 3 3 3
Vymin | Minimum Hysteresis Voltage Vour=0.1Vorvee-01V 2 0.2 0.2 0.2 v
Note 2 (Figure 3} floytl 20 pA 4.5 0.4 0.4 0.4
6 0.5 0.5 0.5
NOTES:

1. information on typical parametnc values 2long with lrequency or heavy 10ad considerations can be found in Chapter 4.
2. Vymin (VT . min} - [VT _max); Vymax s (VT . max}-{Vy _min).

PRSI SRIRPM S e S S LA I U AR A PSS B R M SR S
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MC54/74HC14A

DC ELECTRICAL CHARACTERISTICS (Centinued}

Guaranteed Limit
Symbot Parameter Test Conditions vee 25°C to Unit
v R <85°C | s125°C
-55°C
VOH Minimum High-Level Output Vin SVT - min 2 1.9 1.9 1.9 v
Voltage llout] 520 pA a5 X 24 a4
6 59 5.9 5.9
Vin<VT_min Noutis4 mA 45 3.98 3.84 32
lloulsS.2mA| 6 5.48 5.34 5.2
Vou Maximum Low-Level Qutput Vinz VT4 max 2 Q.1 0.1 0.1 "
Voitage oyt 20 pA 45 0.1 0.1 0.1
. 6 0.1 0.1 0.1
Vinz VT, max ey =4 mA 4.5 0.26 0.33 0.4
Noun=5.2 mA 3 0.26 0.3 0.4
lin | Maximum Input Leakage Current | Vi, = Ve or GNO [} +0.1 =1 =1 rA
Icc Maximum Quiescent Supply Vin=Vgc or GND 6 1 10 40 pA
Current Iper Package} lour =0 pA

NOTE: 1. Vymin>{VT , min} = (VY - max): Viymax = [V . max) - (VT . min).,

AC ELECTRICAL CHARACTERISTICS (C =53 oF, Input t, =ty = € nsl. -

A Guaranteed Limit
Symbol Paramater cc oc Unit
V| BLR cmec | sisee '
-55°C
tPLH. | Maximum Propagation Delay, Input A to Output Y 2 95 120 145 ns
tPHL (Figures 1 and 2) 4.5 19 24 29
[ 16 20 25
tTLH. | Maximum Output Tr ion Time, Any Qutput 2 75 =3 110 ns
TTHL {Figures 1 and 2) 4.5 15 19 2
6 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF
Cpp | Power Dissipation Capacitance {Per Inverter) b Typical @ 25°C, Voo = 5 V
Used to determine the no-l0ad dynamic power consumption:
Po=Cpp VecH+lcc Veo 22 pF

NQTE: 1. For propagation delays with loads other than 50 pF and information on typical parametric values and 10ad considerations, see Chapter &,

.

TEST POINT
0% cuTPyr
INPUT A~ 50% DEVICE
0% UNOER .
TesT O
oUTPUT Y

®Includes all probe and jig capacitance.

Figure 1, Switching Waveforms Figure 2. Test Circuit

R VR VAL =

MOTOROLA HIGH-SPEED CMOS LOGIC DATA




MC54/74HC14A

V1. TYPICAL INPUT THRESHOLD VOLTAGE (VOLYS!
~

¥
{a} A SCHMITT TRIGGER SQUARES UP
WITH SLOW RISE AND FALL TIMES

¥/ 4 5 §
Vec. POWER SUPPLY YOLTAGE (VOLTS)

Yhtyp = Oy 4 typ) = (V7 typl

Figure 3. Typical Input Threshold, VT4, VT
Versus Power Supply Voltage

A ——{bo— Y
WPUTS [ ) A SCHMITT TRIGGER OFFERS MAXIMUM NOISE
IMMUNITY

Vout

MOTOROLA HIGH-SPEED CMOS LOGIC DATA

You You
Figure 4. Typical Schmitt-Trigger Applications
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Dual J-K Flip-Flop

with Set and Reset
High-Performance Silicon-Gate CIMOS

The MCB54/74HCI09 is identical in pincut to the LS102. The device ncuts are
compatible with standard CMOS outputs; with pullup resistors, they are comoatible
with LSTTL outputs. ’

This device consists of two J-K flip-flops with individual set, reset, and clock in-
puts. Changes at the inputs are reflected at the outputs with the next fow-10-high
transition of the clock. Both Q and Q outputs are available from each flip-flop.

® Qutput Drive Capability: 10 LSTTL Loads

® Qutputs Directly Interface to CMOS, NMOS, and TTL

Operaling Voltage Range: 2 to 6 V

Low lnput Current: 1 gA

High Noise Immunity Characteristic of CMOS Devicos >

In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 148 FETs or 37 Equivalent Gates

0 000

LOGIC DIAGRAM

s Sy

R — LS.

4
Clock | —p

J1

-2 ]
'hj_J
Reset 1

I

Kz 3 L 102

J2 )
Reswiz 15 Y

- Pin 16=Vce
Pin 8 = GND

R e R M A g

SRS T AN

MC54/74HC109

J SUFFIX
CERAMIC
CASE 62009

N SUFFIX
PLASTIC
CASE 643-06

D SUFFIX
soiC
' CASE 7518-03

ORDERING INFORMATION

MC24HCXXXN Plastic
MCS4HCXXXS Ceramic
MC74HCXXXD SoIC

Ta = =550 125°C for all packages.
Dimensions in Chapter 6.

PIN ASSIGNMENT

Reset 1l]' @ 1€pvVee
g2 15 (Reset 2
Kig2 1eps2

Clock 100+ 130K2

Set 103 120CI0ck 2
aigs 110Set 2
aig - 1cpQ2

GNDO 5 9paz

FUNCTION TABLE

Inputs Outputs |
Set _Reset Clockx J K Q  q|
L H X X X H L
H L X X X L H
L L X X X He  H+
H H L L L H
H H ~~ H L Toggle
H H L H | NoChange
H H -/~ H H H L
H H L X X | NoChangs

Both outputs will remain high as long as Set and
Reset are low, but e output states are ungre-
dictadle if Set and Peset go high simultancousty.

b



MC54/74HC109

MAXIMUM RATINGS*

Symbol R Parameter Value ] Unit This cevice contains protection
Vee | OC Supply Voltage (Referenced to GND) =05t +70 | v circuitry to guard against damage
- due 10 high s:atic voltages or electric
Vin | OC Input Volitage (Referencec 10 GNDI -15wVee~1t5) v | fields. However, precavtions must
Vout OC Qutput Voltage (Referenced 1o GNOI -0.5t Vee =05 I \' I be taken to avoid applications of any
lin DC tnput Current, per Pin +20 mA voltage higher than maximum rated
. " o
fout OC Output Current, per Pin +25 mA vo ta?&s 1o this hngh' impedance
- circuit, For prooer operation, Vi and
Icc | 0C Supply Current, Ve and GND Pins +50 mA Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic OIP?t 7%0 mw range GNO <{V;, or VouttsVec.
. SOIC Packaget 00 1 VUnusedinputs must always be tied
Tem | Storage Temperature R ~65t0 + 150 oC to an appropriate logic voltage level
le.g., either GND or Ver), Unused
oC cch
Ty |Lead Temperature, 1 mm from Case for 10 Seconds outputs must be left open.
{Plastic OIP or SOIC Package} 260
{Ceramic DIPY 300

*Maximum Ratings are those values beycnd which damage to the device may occur,
Functional operation should be restricted to the Recommended Operating Conditions.
1Derating — Plastic DIP: — 10 mW/°C from 65° 1o 125°C
Ceramic DIP: - 10 mW/°C from 100° to 125°C
SOIC Package: =7 mW/°C from 85° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee | OC Supply Voltage (Relerenced to GND) 2.0 6.0 v
Vin.Vout | OC lnput Voltage, Qutput Voltage (Referenced to GNO} 0 Vee v
Ta Operating Temperature, All Package Types -55 +125 °C
t. t; {Input Rise and Fall Time Vee=2.0V o 1000 ns
[Figure 1} Vee=4.5Vy 0 500
Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced 1o GND)
X Guaranteed Limit
Symbol Parameter Test Conditions cc 25°C to Unit
: v 4 <85°C | =125°C
~55°C
VIH Minimum High-Leve! Input Vout=0.1Vor Ve =01V 2.0 1.5 1.5 1.5 \4
Voltage Houtl 520 A a5 3.15 318 3.5
6.0 4.2 2.2 42
ViL Maximum Low-Level input Vout=0.1VorVec~0.1V 20 0.3 03 0.3 v
Valtage | Routl $20°2A . 45 0.9 0.8 0.9
6.0 12 1.2 1.2
VoH | Minimum High-Leve! Qutput Vin= Vi or Vi 2.0 1.9 1.9 1.9 \
Voltage oyt €20 pA 45 4.4 44 4a
60 |_ 5.9 5.9 5.9
Vin=Viy or Vi floyel 4.0 mA| 45 3.8 384 3.70 o
oy 5.2 mA| 6.0 5.28 5.34 5.20
VoL | Maximum Low-Level Output Vin=Viy or Vji_ 2.0 0.1 0.1 0.1 v
Voltage Houe! 520 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Vig or Vi [loytl s4.0 mA| 45 0.26 0.3 0.0
Jlout! 5.2 mA| 6.0 0.26 0.33 0.40
hin Maximum Input Leakage Current | Vi 2 Ve of GND 6.0 +0.1 >1.0 +1.0 2A j
Icc | Maximum Quiescent Supply Vin=Vec or GND 6.0 4 40 &0 rA
Current {per Package) lout =0 A

NOTE: Information on typical parametric vaiues can be found in Chapter 4.
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MC54/74HC109

AC ELECTRICAL CHARACTERISTICS (C|_ =50 oF, Input t, = t = § ns)

v Guaranteed Umit
ccC .
Symbol Parameter 25°C to Unit
v . .
_ssec | s8°C | =15
fmax | Maximum Clock Frequency (0% Outy Cycle} 20 6.0 4.8 4.0 MHz
{Figures 1 and 4} 45 30 24 20
6.0 35 28 24
tpLH. | Maximum Propagation Delay, Clock to Q or a 2.0 175 220 265 ns
tPHL {Figures 1 and 4} 4.5 35 44 83
- 6.0 30 37 45
tpLH. | Maximum Propagation Delay, Set or Reset to Q or a 20 230 20 .« 345 ns
tPHL {Figures 2 and 4) . . 45 46 58 69
6.0 3 49 59
TLH. | Maximum Qutput Transition Time, Any Qutput 2.0 75 95 110 ns
TTHL IFigures 1 and 4) 4.5 15 18 2
6.0 13 16 18
Cin Maximum Input Capacitance - 10 10 I 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be (ound in Chapter 4, = ). .
Cpp | Power Dissipation Capacitance {Per Flip-Flop) Typical @ 25°C, Veg=5.0 V
Used to determine the no-load dynamic power consumption: A
Pp=Cpp Veci+lcc Vee ) oF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS {lnput t; =ty =6 ns}
Guaranteed Limit
Symbol Paramster VSC 2°C to A . Unit
_S5eC <8°C | =125°C
tsy | Minimum Setup Time, J or K to Clock . q 2.0 100 125 150 ns
{Figure 3} - 45 20 25 0
- 6.0 17 Al 26
th | Minimum Hold Time, Clock to J or K ) 20 5 5 5 s
{Figuce 3) 45 5 5 ]
6.0 5 S 5
tec | Minimum Recovery Time, Set or Reset Inactive to Clock 20 ] S ) ns
. (Fiqure 2} 45 5 5 S
- 6.0 5 H 5
ty Minimum Pulse Width, Set or Reset 4 2.0 & 100 120 rs
{Figure 2} 45 16 20 24
6.0 14 17 20
[ Minimum Pulse Width, Cleck 20 80 100 120 rs
{Figure 1) 435 16 20 24
6.0 14 17 20
t. tf | Mazimum Input Rise and Fall Times 2.0 1000 1000 1000 rs
{Figure 1} 45 500 500 £00
6.0 400 400 200

NOTE: Information on typical parametric values can be found in Chapter 4.
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SWITCHING WAVEFORMS
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MC54/74HC175

Quad D Flip-Flop with

J SUFAIX
Common Clock and Reset CERAMIC
. = ) CASE 620-09
High-Performance Silicon-Gate CMOS
The MC54/74HC175 is identical in pinout to the LS175. The device inputs are
. . . ) N SUFFIX
compatible with standard CMOS outputs; with pullup resistors, they are compatitle PLASTIC
with LSTTL outputs. CASE 648.06
This device consists of four D Ihp flops with common Reset and Clock i inputs,
and separate D inputs. Resel {active-low) is asynchronous and occurs when 2 lew
level is applied to the Reset input. Information at a D input is transferred to the D SUFFIX
corresponding Q output on the next positive-going edge of the Clock input. u@. solc
® Output Drive Capability: 10 LSTTL Loads - CASE 751B-04

® Qutputs Oirecily Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 2t0 6 V
© Low Input Current: 1 gA ORDERING INFORMATION
© High Noise Immunity Characteristic of CMOS Devices
© In Compliance with the Requirements Defined by JEDEC Standard No. 7A . xgz:m . zlasu'c.

i ity: q eramic
© Chip Complexity: 166 FETs or 41.5 Equivalent Gates . MCTEHGOD sone

TA = —55°10 125°C for all packages,
Dimensions in Chapter 6,

PIN ASSIGNMENT

Reset (" ® 164 vee
oqg: 150 Q3
; : wy: 1h &
LOGIC DIAGRAM col: 12 o3
9 2 orgd: izp o2
. Clock > 5 Qo ids b o
r o1 arg: l0f €2
b | 6 oL} Inverung ) )
o0 a and GND G2 9l Clock
5 10 Noni
Data § 01— 7 Q2 | Noninverting
Inputs 12 Q2 Outputs
D2 15 9}
03 =-a FUNCTION TABLE
Resel—‘—? — —
Pin 16=Veg —
Pin 8=GND eset Clock D Q T
L . X X L H
H /™ H H L
H /7~ vt H
H L X no change




MC54/74HC175

MAXIMUM RATINGS*

Symbol Parameter Value [ Uniﬂ This device contains protecticn
Vee | OC Supply Voltage (Referenced to GNDI 05t +7.0 | .v circuilry 10 guard against damage
" due to high stane voltages or electric
Vin | DC Input Voitage (Relere'nced ‘0 GND} -15wVee-15f v fields. However. precautions musst
Vout 1 OC Qutput Voltage {Referenced 10 GND) -0.5toVee~05] v be taken 1o avodd applications of any
’ lin DC Input Current, pee Pin +20 i ma voliage higher shan maximum rated
N | hi igh-i
lout | OC Oviput Current, per Pin 225 | ma vol raf;es o this hlgh. impedance
- circuit. For proper operation, Vi, ana
!cc_ 1 0C Supply Current, Ve and GND Pins +50 | ma Vout should be constrained to the
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 ' mw fange GND =<1V or Voued < Vee.

: SOIC Packaget 500 Unused inputs must always be tied
Tstq | Storage Temperature -65t0 +150 | oC to an approprizie logic voltage level
s le.g.. either GND or Vgl Unused

To Lead Temperatere, 1 mm 'rorn Case for 10 Seconds c outputs must b2 'eft open, DR B

{Plastic DIP or SOIC Package) 260 !
{Ceramic DIP) 300

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C z
Ceramic DIP: ~ 10 mW/°C from 100° to 125°C -
SOIC Package: ~7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 4.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage {Referenced to GND} 2.0 €.0 v
Vin.Vout | OC Input Voltage, Output Vohage (Referenced 1o GNOD) 0 vee v
1 TA Operating Temperature, All Package Types -55 +125 <o
%, tf |Input Rise and Fall Time Vee=2.0V Y 1000 ns
c . {Figure 1) Vee=45v) 0 500
: Vec=60V| 0 200
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
2 ’ ) Guaranteed Limit
Symbol | Parameter Test Conditions cc 25°C to . Unit
v . <85°C s5125°C
~55°C
VIH Minimum High-Level Input Vour=0.1VorVec-0.1V 2.0 1.5 15 ¢ 15 v
Voitage Ilout] 520 pA 4.5 3.5 315 " 3.5
6.0 4.2 4.2 4.2
Vit Maximum Low-Level Input Vouta0.lVor Ve 0.1 V 2.0 0.3 0.3 0.3 v
Voltage lout) 520 pA ] 4.5 0.9 0.3 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Qutput Vin=Viy oc Vi 2.0 1.8 19 ;. 19 v
Voliage Nout] 520 pA 4.5 4.4 4.4 44
6.0 |~ 59 59 ' 59
Vin=Viq or Vyi_ llout] s4.0 mA| 45 3.28 34 ¢ 370
lloul 5.2 mA| 6.0 5.¢8 534 ' 520
VoL |Maximum Low-Level Qutput Vin=Viy or Vi 2.0 0. 0.1} oa v
Voltage lloutl 520 4A 45 0.1 0.1 | o1
6.0 0.1 0.1 i 041
Vin=Viy or Vy_ Hout) s4.0 mA| 45 0.26 033 | 0.0
lowls5.2 mAl 6.0 0.26 033 | 040
tin Maximum Input Leakage Current | Vi, =Vce or GND 6.0 +0.1 1.0 1 +10 pA |
“lec | Maximum Quiescent Supply Vin=Vce or GND 6.0 8 g | 180 »A
Cursent (per Package) Loyt =0 pA !

NOTE: Information on typical parametric values can be found in Chapter 4,
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MC54/74HC175
AC ELECTRICAL CHARACTERISTICS ICy_ =50 oF, Input t, =ty =6 ns)
Guaranteed Limit
Symbol Parameter Vee 25°C to Unit
v b 585°C | =125°C
-55°C
fmax | Maximum Clock Frequency (50% Outy Cycle} 2.0 6.0 4.8 4.0 MHz
(Figures 1and 4)  * 45 30 24 20
- 6.0 35 28 22
tpLH. | Maximum Propagation Delay, Clock to Q or Q 2.0 150 10 225 ns
tPHL {Figures 1 and 4) 4.5 30 33 45
. ' 6.0 26 3 33
tPHL | Maximum Propagation Delay, Reset to Q or Q 2.0 125 155 120 ns
(Figures 2 and 4) X 4.5 25 31 38
6.0 21 26 32
tTLH. | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
TTHL (Figures 1 and 4} 4.5 15 19 2
6.0 13 16 18
Cin Maximum lnput Capacitance = 10 10 10 pF
NOTES: 4
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance {Per Flip-Flop) Typical @ 25°C. Ve =5.0 vV
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vee2l+icc Voo 35 pF
For load considerations, see Chapter 4.
TIMING REQUIREMENTS l(Input t, = tf=6 ns)
Guaranteed Limit
Symbol Parameter Vee 25°C to Unit
v - .
_sseC <85°C | =125°C
toy Minimum Setup Time, Data to Clock 2.0 100 125 150 ns
(Figure 3) 3 2 4.5 2 25 30
i 6.0 17 2 26
th Minimum Hold Time, Clock to Data " 2.0 3 3 3 ns
{Figure 3) 45 3 3 3
6.0 3 3 3
trec | Minimum Recovery Time, Reset tnactive to Clock 2.0 100 125 180 ns
{Figure 2} 4.5 20 25 30
N 6.0 7 21 26
tw | Minimum Pulse Width, Clock T ] 20 ] e 100 120 ns
(Figure 1) 45 16 20 24
6.0 1 17 20,
[ Minimum Pulse Width, Reset 2.0 o] 100 120 ns
{Figure 2} . 45 | 16 20 24
60 |- 14 17 20
t. 4 | Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 4.5 500 500 500
6.0 400 400 400

NOTE: Inf ion on typical ic values can be found in Chapter 4,
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MC54/74HC175

SWITCHING WAVEFORMS

'vv Ll
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Clock Reset ;50% 7
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. [} 50%
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Data >é0%
Clock
F.‘lgure "5
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Qutput
Device hat
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*Includes all probe and jig capacstance,

Figure 4.
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EXPANDED LOGIC DIAGRAM
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54240,/74240

Buffers and Line Drvers with 3-state Outputs

SN Schttky TTL High-Speed TTL Low-Power Schottky TTL Stanagard TTL [ Low-Power TTL
. Package . Package . Package . Package 5 Package
Device Type - Device Type & — Device Type Device Type Mer Device Type =
i . clpimMer CiPIMCF clpmkrt clpimMcr clp Mcr
T 1 [ SNS4LS240 T [ |
s | [ SH1AL S 240 bvps [ !
P v P !
FAIRCHILD : 1 ! L]
: 1 [ I : i
MOTORCLA T T 1 i i :
! [
| 1 1 ! ¢ i
N S. C T N T 1 ] [} ]
. [l [ !
PHILIPS - - R
—r [ I [ i
SIGNETICS ™ 1 ; v ;
~ i I 1 [
SIEMENS = H T
[ i [ ]
FUJITSU T RN
: . h L |
HITACHI : ——
: i Voo i
MITSUSISH! - T T
rem - r i’ 4% TWY! | [
INCL "’ 1 T 1 Cae ? T T
: 1 tol : | [
TOSHISA T T i ! [
Blectrical Characteristics SNS4L.S240/SN74L.S240
- - Pin Assignment (Top View) "
absolute maximum ratings over cpersling free-air tempersture range
Sudy voiage. VOC T¢ | Oceratma teesar | SNSELS | =8YC 1o 125C an
Inout vaitage 5.8Y | tempeature rande I SN1ILS oC 1w 16°C ]
tnlermi iies volage 3.5v [ Siorace temderature rarae -45C 10 150°C I AT oW s [t N .
recommended opersting condilions [. wl fw 'l - f-h- tu' alls
SNS4LS240 | SN74LS240 | o : = =
MIN  NOM  MAX | MIN NOM __ MAX| i;
S.iot vetaze, VCC 4.5 S 5.5 4.5 H 5.25¢ V¥ hd >, /
H.ghmave outoul current, 10M 2 151 ma //'/ /./ /
Learievel outputl current, 101 [H ) ma -&
Uperaning tree-aw temperature, TA ~ 5% 125 9 ) ¢t Lg g f-_,g é
electrical characteristics over recommended operating U T T T e T o .
free-air lemperature range (unless otherwise ncted) T IR
r NT4 .
PARAMETER TEST CONDITIONS t PHISL uNIT| 7 SNSALS240 (1) SN74L5240 1, N}
R Wi TYP} MAX SNEAS240 (J) SN745240 (4, N)
ViH Highelesel 1nput vottage 2 A\ .
Vil Low-tavel input voltace ab .V
Vi nout Clamp voitaqe VCC =MIN, §) v - 18ma . -1.5' Vv
Hysterews{VT +~ -V7 =) VCC T MIN 0z 01 v
- YOL YAMf, vyl 2V,
v Hignei o ViL-Vitmaston - =3n | 20 04 v
igheievel OUtput voita
OH § % VCCsMIN, ViH=2V.
. VIL 205V, 10 £MAX 2
YECRMIN, 1oy =12mA 0.2
VoL  Low-ievel outyut vaitage Vig =2y, v
V.L IV|Lﬂul |°L =2imA 2.5
1021 DL ate seoved yeomMAX. Jvouzv | 0l
Oft-state outout curreat, =Y. N [
'OZL  iow-levet vaitage 3pohied JviL=vi mae |[Voro v | ~2| . -
e [, v | 1]
™ :c;;;-v.—:;;l 1nout Cureent, Ve MAX, vy=2.¥ |’ 201 na
[ Low-icve! nout cuient VECEMAX, Vi =04V ! ~¢.2| ma .
108 Srori-eitcut oulbul current @ VCC =MaAX -L3 ~225) ma
s 2
Outputs :'n VoG nMAX | An [} 23
) Sueoty cwrent Qulouly fow S0 % a A
cc ! ey Ll "
eutpuls
asadted L5203 2 i
switching characteristics. Voo 5V.Ta 25¢C
PARAMETER TEST CONDITIONS IMIN TYP MAX[UNIT
' Procagatiun detsy time, l
PLH  ueto-gorlevet outout . | L .
' Proocagation gelay tme, CLwassF, Ry w8672, ] .
PHL  pygneto-iowniavel wiput See Note 2 i " i ons
1P2L  Outdul cnadhe hime (o low leved 0. N, ns
1P ZH_ Oulout enadie time 16 highteved T [} 2| ns R
" Outiut & 34018 time ’
PLZ  fom tow favel CLvSoF, AL =651 "5 28] ns
Outzut osadie ime . See Hoe 2 -
PHZ  yom nan tevel 1 0 ion
1F; €ONAKONS 3hown 33 MIN O MAX, Ust Th 22070DN3LE vAIUE S0CHES WACRT FECOMMENIEd ODEraling CONGIonS. 'y
$ Ak 1yoc 25°C .

3 values are at Vog T3VAT




PIC16C5X

EPROM-Based 8-Bit CMOS Microcontroller Series

FEATURES : + Oscillator start-up limer
- Walchdog timer {(WDT) with its own on-chip RC

ngh Performance RISC-like CPU oscillator for reliable operation
"+ Only 33 single word instructions 1o learn * Securily EPROM luse for code-pralection

- All single cycle instructions {200 ns) except lor » Power saving SLEEP mode

program branches which are two-cycle - EPROM luse selectable oscillator optlons
- Operaling speed: OC - 20 MHz clock input . - Low cost RC oscillator: RC
OC - 200 ns instruction cycle - Slandard crystaVresonator: XT
+ 12-bil wide instructions - High speed crystalresonator: HS

- 8-bil wide data path

- Power saving low lrequency crystal: LP
" 512- 2K x 12 on-chip EPROM program memory

+ 25-72 x 8 general purpase registers {SRAM) W) CMOS Technology
+ 7 special lunction hardware registers + Low power, high speed CMOS EPHOM technology
+ 2 level deep hardware slack g ] .+ Fully static design .
- Direct, indirect and relative addressing modes for data + Wide operating voltage range:

and instructions - Commercial; 2.5V 10 6.25V

. - Industrial: 2.5V 1o 6.25V

Peripheral Fealures - - Automotive: 2.5V 10 6.0V
+ 12 - 20 /O pins wilh individual direction control - Low power consumption
- 8 bil real lime clock’counter (RTCC) with 8-bit - < 2 mA lypical @ SV, 4 MHz

programmable prescaler - 1S uAtypical @ 3V, 32 KHz

- Power on reset

FIGURE A - PIN CONFIGURATIONS

- < 3 pAlypical stanaby current @ 3V.0°C lo 70°C

:
PDIP, SOIC, POIP, SOIC,
CERDIP Window ; CERDIP Window
28 [J MCLR ——
. \ 27 [J 0sCi ——
—~—e RA2 . [J RAI -t 26 [J OSCUCIXOUT —~—
——— AA3 {2 17 (5 RAQ = 25 3 ACT ——=
—=RICC (|3 B3 16{20SC1—= YDV 2% RCE——
—~~MCLRJ¢< OO 15[ 0SC2CLXOUT —— 00 2P ACsS—~——
——Vss 5 oo 141 Vou —— & & 221 RCA———
~——— RB0 s OO0 133 R87 =— OO0 2§ RCY ~-em
w n : GO 0|3 AC2 =
——ast (17 92 121 rog~— - YT P Act—~—
——— 182 8 11 {} ROG ——a 8 13 neo
—~—— (03 9 10 ’:] 04 —e—om 7 3 o7 ———
16 :] ROG e
15 1) ABS ———
SSop SSOP

: r A — s ' MCLR ——

RAZ -1 20 ) RAt ~arce :‘j‘z 'T;Pogéx—«-
———— ~ ——

Anx 12 191] RAC — Vo [ 3 26 [J OSCCLKOUT ~—
——ATCcC (J 3 T T 18(} OSCi—— —— g ‘:_i N 253 RC? ——
—MCIRQ+ OO 170 CSCACLKOUT —— RO S TT 2} ACE——"

— vss (s Sg u:.FVm_._ eeam O & 99 2P AGS ~———
== Vsg r. 3 »n 15 (] Vno - ——RAZ? 7 o o 72 RC4 e
=00 {17 © & 14 AE7 ——— A3 O] 8 8 [9] 21 ACY e
——n81(]8 13D RAg ——— —~—fmg0 de .40 2 RC2Z~—
~——RB2 (]9 1217 RBS e - RO1 L} 10 : 19 {J ‘RCY e
——— RB1 {ji0" ll}] RB4 == e a2 ol 1t 8 RCO ———
. s ~ ng3y 2 17 {) nNg7 ——

———aps 113 16 RBE —e—e

— vsy 15 [) ABS ———
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PIC16C5X Series

1.0 GENERAL DESCRIPTION

The PIC16C5X Irom Microchip Technology is a family
low cosl, high performanca, 8-bil, lully static, EPROM
based CMOS microcontrollers. Il employs a RISC-like
architecture with only 33 single word/single cycle in-
struclions lo leam. All instructions are single cycle
{200ns) except lor program branches which take two
cycles, The PIC16CSX delivers perdormance an orcer of
magnilude higher than ils competitors in similar price
calegory. The 12-bil wide inslructions are highly sym-
melricai resulling in 2:1 code compression over other 8-
bit microconlrollers in its class, The easy o use and
easy lo remember inslruciion sel reduces development
sme signilicantly.

The PIC16C5X producis are equipped with specia!
microcontrolier like leatures that reduce system cosl
and power requirements._The power on resel and oscil-
lator siart up limer eliminale the need lor external reset
circulry. There are lour oscillator conligurations lochoose
lrom, indluding power saving LP (Low Power) osciilator
and cost saving RC oscillator. Power saving SLEEP
" mode, walchdog mer and code prolection leatures
iImproves sysiem cost, power and relfiabiity. g

The UV-erasable cerdip-packaged versions are ideal for
ccce development while the cost-ellective One Time

TABLE 1.0.1 - OVERVIEW OF PIC16CSX DEVICES

Programmable (OTP) versions are suitable lor praduc-
tion in any volume. The customer can lake full advan-

tage of Microchip's price leadership in OTP microcon- -

Iroller while benaeliling Irom the OTP fiexibility,

The PIC16CSX products are supporied by an assem-
bler, a sottware simulator, an in-circuil emulalor and a

production quality programmer. All the tools are sup- .

ported by I8M PC and compalible machines.

1.1 _Applicalions

The PIC16CSX series fils perfectly in applications rang-,
ing from high speed aulomotive and appliance motor
controltolow-powerremole lransmitters/receivers, point-
ing devices, and lelecom processors, The EPROM
lechnology makes cusiomization of application pro-

.grams (lransmifier codss, motor speads, receiver Ire-

quencies, etc.) extremely fast and convenient. The small
lootprint packages lor through hole or surface mounting

make this microcontroller series perec! for all applica- .
licns with space fimilations. Low cost, low power, high
perdormance, ease of use, and /O [llexibility make the-

PIC16CSX series very versatile even in areas where no
micrecontrelfier vse has been considered belore {e.g.
limer lunctions. replacement of “glue” logic in larger
systems, co-processor applications),

] .
;Pan:

EPROM | RAM® |10 | Package Optlons

PICI8CS4| 512x12 | 32x 8 | 12 | 18L windowed CERDIP, 18L POIP, 18L SOIC (300 mil), 20L SSOP

PIC16CS5{ 512212 | 32x8 | 20 | 28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil).
28L SCIC (300 mil}, 28L SSOP

| PIC16CS6| 1K x12 | 3228 | 12 [ 18L windowed CERDIP, 16L POIP. 18L SOIC (300 mil), 20L SSOP

PICiB6CS7] 2K x 12 Iers 20
: i

28L windowed CERDIP, 25L PDIP (600 mil), 28L POIP (300 mil),
28L SCIC (390 mil), 28L SSOP

! * Including special luncticn registers.

2.0 ARCHITECTURAL DESCRIPTION

2.1 Harvard Architegiure

The PIC16CSX single-chip microcompulers are law-
power, high-speed, lull siatic CMOS devices containng
EPROM, RAM, I/0. and a centra! processing unil on 3
sidgle chip. :

The architecture is based on a register file concept with
separale bus and memories lor data and instructions
(Harvard architeciure). Thedals bus and memory (SAl).
are_8-hit while the program bus and program
memary (EPROM) have a wicth of 12-bits. This cencept
allows 3 simple yel powerful insiruction sel desionnd lo
emphasize bil, byte’and register operations under high
speed with overlapping instruction letch and execul:on

-

cycles. That means thal, while one instruction is ex-
eculed, the lollowing instruction is already being read
Irorn 1he program memory. A block diagram ¢f the
PIC16CSX series is given in Figure 2.1.1.

2.2 king Scheme/insiruction Cycle

The clock input (from pin OSC1) is internally divided by
leur 1o generate lour non overlapping quadrature clocks
namely Q1, Q2, O3 and Q4. 'Internally, PC is incre-
mented every O1, instruction is fetched from program
meinory and laiched into instruction register in Q4. Nis
decodec and execuled during the lollowing Q1 through
Q4. The clocks and instruction execution flow is shown
in fiqure 2.2.1.

~



PIC16C5X Series

FIGURE 2.1.1 - PIC16CS5X SERIES BLOCK DIAGRAM

2.3 Da1a Begister Fjle

The 8-bit data bus connects two basic lunctional ele-
menls logether: the Register Filg composed ol up lo 80
addressable 8-bil registers including the O Pons, and
an 8-bit wide Arithmetic Logic Unil, The 32 byles ol RAM
are directly addressable while a “banking* scheme, wilh
banks of 16 bytes each, is employed 1o address larger
data momc?ries (Fiqure 4.2.1)._.Data can be addressed’
direct. of indirect using tha fila select regisler (l4).

!mmedia}e data addressing is supporied by special
Meral’ instructions which load

" data from program
memory inlo the W register,
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TABLE 2.1.1 - PIN FUNCTIONS The register filg is divided into two lunctional groups:
. . operational registers and general purpose regisiers,
Name Functlon The operational registers include the Real Time Clock
= Counter (RTCC) register, the Program Counter (PC),
;gg_ ;gg Zg ggz; s the Status Register, the /O registers (PORTS), and the
RCO- RCY VO PORT ?; ¢ File Select Register. The general purpose registers ara
(CS5/57 only), used lor data and control inlormation under command ol *
RTCC Real Time Clock/Counter the instructions
MCLR Master Clear " ’
0sC1 Oscillator (input) In addition, special purpose regislers are used 1o contro!
QSCCLKOUT Oscillator {output) the /O port configuration. and the prescaler oplions.
Voo Power supply .
Vss Ground 2.4 Adthmetic/Logic Unit (ALUY
e No (internal) Connection The 8-bit wide ALU contains one lempotary working

tegister (W Register). It performs arithmetic and Bool-
ean functions between data held in the W Regisier and
any file register. It also does single operand operations
on either the W register or any flile register.

2.5 Proaram Memaory

Upto 512 words ol 12-bil wide onchip program memary’,
(EPROM) can be directly addressed. Larger program
memories can be addressed by selecling one of up o
lour available pages with 512 words each (Figure 4.3.1).
Sequencing of micrainstructions is controlled via the
Program Counter (PC) which automalically incremants
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FIGURE 2.2.1 - CLOCKSANSTRUCTION CYCLE
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lo execule in-line programs, Program conlrol opi: -

lions, supporling direcl, indirect. relafive addres: .ig

modes, can be perdormed by 8it Tes! and Skip insii..c-

dions. Galt instruclions, Jump instructions or by loac-nq

computed addressesinto the PC. In addition, anon-.":p
.Iwo-level stack is employed 10 provide easy lo 1.2,
SShecoutine nesting. y

3.0 PIC16CSX SERIES'OVERVIEW

A wide variely of EPROM and RAM sizes, numbet ..l
WO pins, oscillalor types, Irequency ranges. andpact. g-
ing options is available. Depending on application .. 1¢
poduction requirements the proper device option ©an
be selecled using the informalion and tables in :nis
seclion. When placing orders, please use the "PIC 1! 5X
Product Identification Sysiem” on the back page ot i*us
data sheet lo specily the correct pant number.

3.1 UV Erasable Devices

Four dilferent device versions. as listed in Table 1
are available to accommodate the dilierent EFF.
RAM . and 7O conligurations. These davices areo:+ =

for prototype devetopment and pilot saries. The de »d
oscillalor conliguration is EPROM programmats  “is
"RC7,"XT"."HS"or "LP". Anerased device isconli; -.:d
as "RAC lype by defaull. Depending on the seie. .-l
osciilator lype and Irequency. the operating suppl . .I1-
age musl be within the same range as a OTP/QTF ..ad

would be specilied lor.

3.2 One-Time-Programmabie {(OTP) Devices

The availability of OTP devices is especially uselul for
customers expecting lrequent code changes and up-
dates. OTP dewices have the oscillator type pre-conlig-
ured by lhe lactory, and they are lested only lor this
special configuration (including voltage and lrequency
ranges. current consumplion),

The program EPROM is erased. allowing the user (0
write (he application code into it, In addition, the walch-
dog timer can be disabled, and/or the code protection
Jogic can be aclivaled by programming special EPROM
tuses. The sixleen special EPROM bils for 10 code

storage are also user programmable.

3.:‘3 Quick-Turnaround-Productlion (QTP)
Devices

Microchip ollers a QTP Programming Service lor fzclory
production orders. This service 1s made available lor
users who chose not o program a medium lo high
quantity of unils and whose code palterns have stabi-
lized. The devices are idenlical lo the OTP devices but
wilh all EPROM locations and fuse oplions already
programmed by the tactory. Cenain code and protciype
verilication procedures do apply belore production ship-
ments are available. Please contact your Micrachip
Technology sales oflice for more details,

R L JINGL LS U INVI Igdad b Y1V
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4.0 OP:RATIONAL REGISTER FILES

4.1 1Q' lng! ;3&‘ { Data Addressing

This is mol a physically Implemented regtsier. Address-
ing 10 c=ks for the conlents of tha File Select Register lo
be used o select a file register. {0 is useful as anindirect
acdress pointer. For example, In ha instruction ADDWF
1. W wiz acd the contents of the regisler pointed to by
the FSR (f4) to the conlent ol the W Register and place
the resuit in W.

If10 ftsell is read lhrou.g'h indirect addressing (i.e. FSR =
Oh), then 00h is read. If [0 Is writlen lo via indirect
address:ng lhe resull will be a NOP,

42 11 Real Time Clock/Counter Roqxs(e[
{HICC)

This register can be loaded and read by the program as
any other-register. In addilion, its conlents can be
incremented by an external signal edga applied to the
ETCC oin, or by the internal Instruction cycle clock
.. (CLKQUT alosct4).- Figure 4.1.1 is a simplified block
ciagram of RTCC.

An 8-tit prescaler can be assigned lo the BRTCC by
wriling the proper values to the PSA it and the PS bits
in the OPTION register. CPTION register is a special
regisler (not mapped in data memory) addressable
using the 'OPTION' instruction. See seclion 7.5 for
details. If the prescaler is assigned to the RTCC,
instrucions writing to [1 (e.g. CLRF 1,0r BSF1,5, ...elc.)
clear the prescaler.

The bit "RTS" (RTCC signal Source) in the OPTICN
register determines, il 11 is incremented internally or
externally.

e

RTS=1: Thie cléck sourés {6t the RTCC or the prés-
caler, i assigned o1, is tha signalonthe RTCC
pin. Bit 4 of the OPTION register (RTE) deler-

7 mines, if an increment sccurs on lhe falfing

A

. ————— s

(RTE=1Y or rising (RTE=0) edge of the signal
presented lo the RTCC pin, .

RTS=0: The RTCC register or ils prescaler, respec-
lively, will be incremented with the internal
instruction clock (= = Fosc/4). The "RTE  bitin the
OPTION register and the RTCC pin are “den’t
care” in lhis case. However, the RTCC pin
must be tied lo VOO or Vss, whalever is can-
venienl, to prevenl unintended entering of test
modes and lo reduce the current consumption
in low power applications,

As long as clocks are applied to the RTCC (lrom internal
or external source, wilh or withoul prescaler), I1 keeps
incrementing and just rolls over when the value "FFh- is
reached. Ali increment pulses for 11 are delayed by two
instruction cycles. After wriling to 1, lor example, no
increment lakes place for the lollowing two instruction

_cycles. This is independent il intemal or external clock

source is selected. If a prescalertis-assigned 1o the
RTCC, the output of the prescaler will be delayed by two
cycles belore I1 is incremenied. This is true for insinuc-
tions that either write {o or read- -modily-wrile RTCC (e.g.
MOVF (1, CLRF {1). For applications where RTCC
needs lo be lested lor zero withoul aflecting ils count,
use ol MOVF {1, Winstruction is recommended. Timing
diagrams in Figure 4.2.2 show RTCC read, write and
increment timing.

421 USING RTCC WITH EXTEBNAL CLQCK

When external clock input is Used for RTCC, N is syn-
chronized with the internal phase clocks. Therefore, the
external clock input must meel cerain requiremenis,
Also there is some delay from the occurance of the
external clock edge lo the aciualincrementing of RTEC. -
Referring lo Figure 4.1.1, the synchronizalion is done
alter the prescaler. The outpul of the prescaler is
sampled twice in every instruction cycle 1o delect rising

FIGURE 4.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED)

DATA BUS

S

SYNC WITH
INTERNAL RTCC (8)
CLOCKS Psour
PRAOGRAMMABLE
RTS PRESC%ALER {2 CYCLE DELAY)
g
PS2,PST, PSO PSA
Notes: 1. Bits, RTE, RTS, PS2. PS1, PSO0 are located in option register.

2. The prescaler is shared with Watchdog Timer {see Figure 9.0.1).
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FIGURE 4.2.1 - PIC16C5X DATA MEMORY MAP
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or {alling edges. Therelore, ili$ necessary ler Psout 1o
be highforatleast 2loscandlow for atleast 2tosc whers
losc = cscillator lime period. .
When o prescaler is used, Psout (Prescaler oulpul.
sea Figurs 4.1.1) is the same as RTCC clock inpul and
therefore the requirements are: :
TRT™ = RTCC high time 2 2tose + 20 ns

.TRTL = RTCC low lime 2 2losc + 20 s

When orescalerisusad, the RTCCinputis divided by the
asynchronous fipple counter-type prescaler and so the
prescaler output is symmelrical. | -

Then: PsouT high tima = PSoUT low lime = N - TR1/2
where TRT = RTCC input period and N = prescale value
(2, 4, ..... 256). - The requirement is, therelore N  TRT/2
2 2tosc+20ns, or TRT 2 4l0sc + 40ns

The user will notics thal no requirement cn RTCC high
time or bow tims is speciiied. However, il the high lime
or low time on RTCC is {oo small then the pulse may not
be detected, hence a minimum high or low time ol 10 ns
is required. In summary, the ATCC ingul requirements
are: )

TAT = RTCC period 2 (4 tosc + 40 nsyN

TR™ = RTCC high lime 2 10'ns

TRTL = RTCC low lime 2 {0 ns
Relay fom exiernal clock edge: Since the prescaler

outpul is synchronized with the internal clocks, there is

-

———e e ey

-

a small delay from the time the external clock ecge
oceurs {o the time the RTCC is aciually incremented.
Relerring lo Figure 4.2,3, the reader can sae that this
delay is between 3 losc and 7 tosc. Thus, lor examgle,
measuring the interval between two edges {e.qg. pericd)
will be accurale within 14 losc (£200 ns @ 20 MHz).

4.3 [2_ Program Counter

The program counler generalés the addresses for up lo
2048 x 12 on-chip EPROM cells containing the program
instruction words {Figure 4.3.1). ’

Depending on the device type, the program counter and
ils associated two-level hardware stack is 9 - {1-bils
wide.

TABLE 4.3.1 - PROGRAM COUNTER.STACK

WIDTH .

Part 4§ PC width | Stack width
PIC16C54/PIC16C55 9 bit 9 bit
PIC16CS6 - 10 bit 10 bit
PIC16CS57 11 bit 11 bit

The program counter is set to all “1°s upon a RESET
condilion. During program execulion il is auto
incremented wilh each instrucfion unless the resuli of
that instruction changes the PC ilsell:

" a) "GOTO instructions allow the direct loéding ol the

lower 8 program counter bils (PC <8:05). In case of
PIC16CS56/PIC16CS7, the upper two bils of PC
{PC<10:9>) are loaded wilh page select bils PA1,

FIGURE 4.2.2A - RTCC TIMING: INT CLOCK/NO PRESCALE
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PAQ (bits 6.5 stalus register). Thus GOTO allows
jump to any location on any page.

b) “CALL" instructions'load the jower 8-dit of the PG
directty while the ninth bit Is cleared to "0, The PC
value, incremented by one, will be pushed into the
stack. Incase of PIC16CS6, PIC16CS7, the upper
two bits of PC (PC<10:9>) are loaded wilh Page
Select bits PA1, PAQ (bits 6.5 stalus register).

c) “RETLW instruclions load the pregram counter
with the {op ol stack contents.

d) I PC is the destination in any instruction {e.g.
MOVWEF 2, ADDWF 2, or BSF 2,5) then the com-
puted 8-bil resull will be loaded into the low 8-bils of
program counter, The ninth bit of PC will be cleared.
In case of PIC16C56/PIC16C57, PC<10:35> will be
loaded with Page Select bils PA1, PAQ (bils 6.5 in
stalus register).

It should be noted that because bit 8 {ninth bit) ol PC is
cleared in CALL instruction or any instruction which
writes to the PC {e.g. MOVWEF 2), all subroutine calls or

compuied jumps ‘are limited to the firdl 255 locations of

any program memory pags (512 words long).

M Y PAGT
(PIC16CSE/PIC16G57 ONLY):
Incrementing the program counter when it is pointing to
the last address of a selecled memory page is also
possible and will cause the program to conlinue in the
nexthigher page. However, the page pre-select bitsin 13
will nol be changed, and the next "GOTQ", "CALL",
"ADDWF 27, "MOVWEF 2" instruction will return to the
pfevious page, unless lhe page pre-select bits have
‘been updated under program control. For example, a
"NOP" al focation "1FF” (page 0) increments the PC 1o
"2007 {page 1). A "GOTO xxx" al "200" will return the
program to address "xxx” on page "0° (assuming thal the
page preselect bils in fila register {3 are "07).

=1 ECT

Upon a RESET condition, page 0 is pra-selected while
the program counter addresses the last location in the
last page. Thus, a “GOTO" instruction al this location will *
automalically causa the program to continue in page 0.

4.4 Slack

The PIC16CSX series employs a two lavel hardwars
push/pop stack (Figure 4.3.1).

CALL instructions push lhe current program counler
value, incremented by “17, into stack level 1, Stack level
1 is aulomatically pushed o level 2. If more than 2
subsequent “CALL"s are executed, only the most recent
wo return addresses are stored.

For the PIC16C56 and PIC16CS7, the page preselect
bits of {3 will be loaded into the mosl signiticant bits ol the
program counter. The ninth bil is always cleared lo 0"
upon a CALL instruction. This means thal subrouline
entry addresses have lo be localed always within the
lower hall of a memory page (addresses 000-0FF, 2C0- ~
2FF, 400-4FF, 600-6FF). However, as the siack has’
always the same widlh as the PC, subroutines can be
called Irom anywhere in the program.

RETLW instructions load the contents of stack level §
into the program counter while stack level 2 gels ccpied
into level 1, 1l more lhan 2 subsequent "RETLW"s are
execuled, the stack will be filled with the address previ-
ously storedinlevel 2. Forthe PIC16CS6 and PIC16C57,
the return will be always lo the page from where the
subroutine was called, regarcless of the current sening
ol the page pre-select bils in file registes 13. Note that the
W register will be loaded with the literal value specified
in the RETLW instruction. This is particularly useful for
(e implementation of "data” {ables within the program
memory.

FIGURE 4.2.3 - RTCC TIMING WITH EXTERNAL CLOCK

EXT CLOCK INPUT OR | o
PRESCALER OUT (NOTE 2)

:OHOZIOJIO4:G'~EOZIOJIO4'O!IOZ!O:HO4

/ ARNAN

01102103104 !
Sman pulsa ,
[\ misscs samohng

EXT CLOCK/PRESCALER

OUTPUT AFTER SAMPUNG "——L___'_

INCREMENT RTCC (Q4) |

:'&E{% e |

\

[ -

RTCC |

«

N

) G- '
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Notes:

1. Delay kom clock input change 10 RTCC irverdnent is 3 10sc 1o 7 tose. (Owration of O «
Thareloro, the erof 1 measunng the intervid hetwaen two edges on RICC input » 414 losc max,

2. - External edock if no prescaler satected, Proscelir oulput otherwisa,

3. The'anows indicale the ponts in ime wharc - .ampling occurs,

loscl.
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FIGURE 4 3.1 - PROGRAM MEMORY ORGANIZATION :

.‘;lw T AS I A8 [A<7.0:_}

_(

GOTOQ, CALL, INST WITH PC AS DESTINATION
GOTO, CALL, INST WITH PC AS DESTINATION

GOT0

e FROM 13,'BIT § (PIC16CS7 ONLY)
... FROM {3, BIT § {PIC16CS56/CST ONLY)

RETLW, CALL

OIRECT FROM INSTRUCTION WORD

[ "\ CALLLINST WITH PC AS DESTINATION ......... ALWAYS 0"
GOTO, CALL

OIRECT FROM INSTRUCTION WORD

INST WITH PC AS DESTINATION ........ FROM ALY

- /V 1

02

A8

9-11 BIT

.

PAGE 0

STACK LEVEL)

STACK LEVEL 2

a1

PAGE 1

10

PAGE 2

SFF

PAGE 3

600
6FF
700

7FF

MAX. EPROM ADDRESS FOR:

PIC1GCS4/PIC16CSS

PIC16CSS

PiC16CS7

“




& - PIC16C5X. Series

4.5 {3 _Status Word Reglster dillerent than intended. For example, CLRF (3 v.ill claar
all bits excepl for TO and PD and then set the Z bil and

This register contains the arithmetic status of the ALU, leave stalus register as 000UU100 (where U = un-

the RESET stalus, and the page preselect bils for larger changed).
program memories than 512 words {PIC16CS6,
PIC16CS7), . Ilis recommended, therelore, that only BCF, BSF and

MOVWF instructions are used lo aller the slalus ragis-

The status register (I3) can be destination lor any lers because thesa instructions do not affect any status

instruction like any other register. However, tha siatus bit.

bits ara sel afer the {ollowing write. Furthermore, TO . ) ) ) .
and PO bits are nol writable. Therefore, the resull of an For ather instructions, allacting any status bits, see
instruction with status regisler as destination may be section “Instruction Sel Summary” (Table 10.0.1).

FIGURE 4.5.1 - STATUS WORD REGISTER (3

|
H RESET CONDITION:

] (61 {5) {4)- (3) 2) 4] {0 . PA2,PA1, PAO cleared 1o 0",
TO. PO are sel of resst as shown in Tabie 4,5.2.1
[ PA2 J PAL l PAO l TO [ PO l J oC [ CT Z, OC. C are unknown on power on resel and
\___/ . T unchanged in any other reset,

CARRY/BORROW BIT:

PRI Y F For ADDWF and SUBWF-instructions, this bil is et if there is a
: carry oul from the most signilicant bil of the resultant.

Note hal a sublraction is cxeculed by adding the two's
complement of the second operand. For rotale (RRF, ALF)
instructions, this bit is loaded with either the twgh or low order bit
ol the source regisjer.

———— OIGIT CARRY/BORROW BIT:
For ADDWF and SUBVYF instructions, this bil is sol if lhere is a
carry out lrom the 4th low order bit of the resultant.
.

—————————— ZERO B(T:
Set il the result of an arthmetic or logic operation is zera.

" POWER DOWN 8(T:
Setto.:1" dunng power uo of by 3 CLRWOT command. This

. bit is resel to "0~ by a SLEEP instruction.
TIME-QUT BIT: .
. Scl lo *1° during power up and by the CLRWOT and SLEEP

command. This bilis teset 1o “0” by a watchdog imer time oul.

PIC16CS4/CSS : Two general purpose readiwrite bils
R PIC16CS6E : BIT S ... Page preselect bil

0 « Page 0 (000 - 1FF)
| = Page 1 (200 - 3FF)
8IT 6 ... General purpose reacdiwrite bit

PIC16CS7 : Two page preselsct bits

00 = Page 0 (000 - 1FF)

01 « Page 1 (200 - 3FF)

" 10 - Page 2 {400 - SFF)

R 11 = Page 3 (600 - 7FF)

- BIT 7: General purpose readiwrile bit
B {resecved lor Anute use) ’
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."he Ccny b(l (C) is a.carry out in addmon operalion
" (ADOWT) and 2 bonow oul in subtract operation

Il s a‘so a!fsded by. RRF and RLF insiructions. The
foSowng exampies explain camy/borrow bil operation:

SUEH? Example ll

- eles = 0x20 £ £120m) <0

ooviv 1. =1

subwf  0x20 f(20h) £(20n) -vceg-o i=fFh
= © ;Carry=0: Result is negative

: SUBWF Example 12
roviw . OxEF

movwf 0x20  ;£{(20h)=FFh
clrw swreg=0 . °
subwf 0x20
. ;Carry=l:Result is positive

The digit carry operales in the same way as the camry bit,
i.e. il is 2 borrow in subtract operalion.

452 TIME QUT AND POWER DOWN STATUS
8I7S (1Q. PDY .

The "TO" and "PO" bils in the slalus regisier {3 can be

lested to determine il @ RESET condition has been

caused by a watchdog timer time-out, a power-up con-

dition. or a wake-up from SLEEP by the walchdog limer
ot MCLR pin.

Thesa status bils are only affected by events lisled in
Table 4.5.2.1.

.

£4.5.2.1. EVENTS AFFECTING.PD/
TO STATUS BITS

TAEL

;£ (200) =€ {20h) ~wreg=fFTh=0=FFh _

Event TO PD | Remarks
Power-up | 1

WOT Timeout 0 X No ellect on PD
SLEEP Instruction 1 0

CLRWODT instruction | 1 1.

Nota:  AWDT Emeout wi occur regardess of the status of the TO

B A SLEEP lnstruction will be execuled, regarciess of the

stalus of the PO B Table 4.5.2.2 reflects the stalus of PO
2nd TO aflar tha comesponding event,

A

TABLE 4.5.2.2 - PD/TO STATUS AFTER-
RESET )

T0 PO RESET was caused by

WDT wake-up from SLEEP

WOT lime-out (not during SLEE?)
MCLR wake- -up lrom SLEEP
Power-up

= Low pulse on MCLR input

> = - O O
N - O - O

—

Note:

doas not change the PO and TO status bils.

4 3 3 £ P sa
PIC16C57 ONLY)

Bits 5-6 of the STATUS register are defined as PAGE
address bits PA0<1:0>, and are used lo preselec! a
program memory page. When execuling a GOTO,
CALL. or an instruction with PC (12) as destination (e.g.
MOVWEF 2), PA<1:0> are loaded into bit A<10:9> of the
pragram counter, selecting one of the available program
memory pages. The direc! address specilied in the
instruction is only valid within this particular memory
page.

RETLW instructions do not change the page preselecl
bits.

Upon a RESET condition, PA<2:0> are cleared 1o “0"s.

4.6 14 File Selec! Register (FSR)

PICIECS4/CSS/CSE

Bils 0-4 salectoneof the 32 availa

indirect addressing mode (thatis, calling for file 10 in any
of the file oriented instructions).

Bits 5-7 ofthe FSR are read-only and are always read as
‘one’s.

I no indirect addressing is used, the FSR can be used
as a 5-bil wide general purpose register.

PICI6CST ONLY

Bil 5 and 6 of the FSR select tha current dala memory
bank (Figure 4.2.1).

The lower 16 bytes of each bank are physically identical
and ars always selected when bit 4 of the FSR (in case
ol indirect addressing) is 07, or bit 4 of lhe direct file
register address of the currently executing instructionis
“0" (e.g. MOVWF 08).

Only il bit 4 in the above mentioned cases is 17, bils 5
and 6 of the FSR select one of the four available register
banks with 16 byles each.

Bit 7is read-only and is always read as “one.”

The PO and TO bit mamtain thair status (X} unlil zn event
of Tabla 4.52.1 occurs. A low-pulse on the MCLA irput

le lile egistersinthe ..
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5.0 /O REGISTERS (PORTS)

The VO registers can be wrillen and read under program
conlrol like any other registar of the register flla. How-

ever, “raad” instructions (8.g. MOVF 6,W) atways read -

the VO pins, regardless il a pin is defined as “input” or.
“oulput.” Upan a RESET condilion, all LO porls are
delined as “inpul” (= high impedance mode) as the VO
contrel registers (TRISA, TRISB, TRISC) are all sel to
‘ones.”

The execution of a "TRIS I" instruction with correspond-
ing “zeros” in the W-regisler is necessary to dafine any
of the VO pins as output.

5.1 [5_(Port A)

4-bit /O register. Low order 4 bits only are used (RAQ -
RA3J). 8it 4 - 7 are unimplemented and read as “zeros.”

5.2 {6 (Pori BY
8-bit VO register.

53 [I_{(Port Q)
PIC16CS55/CS7; 8-bil VO register.
PIC16CS4/CS6: Ganeral purposa register. *

5.4 )Q Interdacing

The_equivalent circuit lor an VO port bil is shown in -
Figure 5.4.1. All ports may be used for both Input and”
oulpul operations. For input oparations these ports are
non-latching. Any input must be present until read by'an
input instruction {e.g. MOVF 6, W). The oulputs 2re
latiched and remain unchanged until the outpul laich is
rewritten. To use a port pin‘as outpul, the corresponding
dxrecuon conlrol bil (in TRISA, TRISB, TRISC) must ba
setto zero. Forusa as an input, the corresponding TRIS
bit must be “one”, Any VO pin can be programmed
individually as inpul or output.

FIGURE 5.4.1 - EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN g

FROM o o
oggg DATA
LATCH

“WRITE" X o

TO DATA 8US A

e

Voo

(o}]

N
| .
PIN
. “READ"
FROM o =
W-REGISTER
VO -
CONTROL o2
LATCH - ‘——D———i[ N
TRIST 3 .
& ser ©

"RESET”
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5.5 \IQ Programmina Considerations

: e 1oleeawi s T
e L e el e

Soms instructions operate intemally as read {ollowed by
write. opefatlons., The BCF and BSF instructions, for
axamgple, read the entirs portinto the CPU, executs the
bil operation, and ra-output the resull. Caution must be
" used when {hese instructions are applied to aport whers
" one ormors plns are used as inpquutpu(s..For ex-
' zampls.'a BSF operatlon on bit § ol {6 (Port B) will cause
all eight bits of 16 to be readinto the CPU. Then the BSF
operation takes placs on bit 5'and 16 is re-output o the
" output tatches: If another bil of {6 is used as a bidirec-
_ Uonal YO pin (say bil 0) and ilis defined as aninpul at this
7 time, the input signal present on the pin itsell would be
- read ko the CPU and re-wrillen lo the data latch of this
particular pin, overwriting the previous content. As long
as the pin stays in the Input mode, no problem occurs.
However, if bit 0 is swilched into output mode later on,
the content of the data lalch may now be unknown.

FIGURE 5.5.2.1 - VO PORT READ/WRITE TIMING

A pin actively outputting a *0" or "1” should not be driven
from extemal devices at the same time in order to
change the level on this pin. ("wired-or", “wired-and”).
The resulling high output currents may damaga lhe chip.

- . .
The aciual write to an O port happens at the end of an
instruction cycls, whereas for reading, the data must be
valid al the beginning of the instruction cycle (see figure
5.5.2.1). Therelore, care must be exercised if a wrile
followed by a read operalion is carried out on the same
YO port. The sequence of instructions should be such to
allow the pin voltage o stabilize (load dependent) before
the nextinstruction which causes that file to be read into
the CPU is executed. Otherwise, the previous stale of
that pin may be read inta the CPU rather than the new
state. When in doubt, it is betler to separate these
instructions with a NOP or an other instruction not

< accessing this 1O port,

" tatlazleales! ariezl Qalo4 ) atf @2l 03los! a1 @zl Q3104 | yote:

--'re [ PC X RE » 1O SR aYY X PC+3 . This  example - shows
Insyucion 1+ MOVWFIS 1+ MOVFIBLW  + NOP t NOP * | write to port B lollowed
- faiched . writotols ! Read!s (PoiB) ' ! ! - ‘| by a read lrom port B.

f - [} t 1 ) '
i {Port B) £ ) , ! . | Note that the data selup
BT . ; . | tme - (0.25 TCY,- TPO)
. wor 4 T W T ' whera TCY = instruction
ST ' L - ?Poﬂ pin g ' cyda. Therefore, at
] [] s 0 b ] ] . .
' ' 1+ Sampled here, , | higher clock frequencies,
s ' _i ' & write followed by a read
! ~— ' - . Exscute 1170 Execute ! Execuls '} may be probleratic, +~~ -
: . MOVWFIs | MOVFIs,W ' NoP !

n-
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6.0 GENERAL PURPOSE REGISTERS

PICT16CI4/CIICI86: °
logh - 11Fh:  are general purpose register files.
11 fy:
108h ~{0Fh:  are general purpose register files which
are always selected,independantof bank
selecl. .
f10h - {1Fh:  general purpose register files in memory
. bank 0.
f20h - 12Fh:”  physically identical o {00 - [OF.
(30h - I3Fh:  general purpose register liles in memory
bank 1.
140h - 14Fh:  physically identical lo 100 - [OF.
150h - ISFh:  general purposa register files in memory
bank 2.
160h - [6Fh:  physically identical to {00 - [0.
f70h - (7Fh:  general purpose register files in memory

bank 3.

7.0 SPECIAL PURPOSE REGISTERS

7.1 W  Working Register

Holds second operand in two operand insiructions and/
or supporls the internal data transler.

-

FIGURE 7.5.1 - OPTION REGISTER

7.2 TRISA

Only bits 0 - 3 are available, The correspondmg lIO porl

{IS) is only 4-bit wida. ROAE

7.3 TRISB /O Control Reaister For
Por B ({6) )

7.4 TRISC /Q Control Reglster For )

The /O control registers f\'vi!l be loaded wilh the cantent
ol tha W register by executing of the TRIS linstruction. ».
A "17 in the /O control register puls the corresponding ™
,VO pin into a high impedance mode. A "0" puts the
contents ol file register IS, 16, or 17, respecllvely, oulon
the selecled VO pins.

Thesa registers are “write-only” and are set o a" ones”
upon a RESET condition.

7.5 QPTION  Prescale/RTCC Option
Begister _
Delines prescaler assignment (RTCC or WDT), pres- -
calervalue. signal source and signal edge for the RTCC.
The OPTION register is “write-only" and is 6 bil wide.
By execuling the "OPTION" instruction, the contents of
the "W- register will be transferred to the option reglster. _
Upon a RESET coendition, the oplian register is set lo all
“ones.” :

s . 3 2 &IgdJ L%
[ As | R | Psa | Ps2 ' PSt Fso—]

RESET VALUE: 1111111

Ve

~___ __/
| -
PREZSCALER  VALUE RTCC RATE| WOT RATE
0 0 Q 1:2 1.t
0 [} 1 1:4 1:2
0 1 [} t:8 1:4
Q 1 ! 1:16° 1:8
1 0 0 t:32 1:16
1 [V 1:64 1:3
] 1 0 1:128 1:64
) 1 1 1:25 $: 128
PRESCALER ASSIGNMENT 8IT:
0... RTCC
— WOT
ATCC SIGNAL EOGE:
~ INCRENENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN
! ... INCREMENT ON RIGH-TO-LOW TRANSITION ON RTCC PIN

RTCC SIGNAL SOURCE:
. INTERNAL INSTRUCTION CYCLE CLOCK {CLXOUT)
TRANSITION ON RTCC PIN
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8.0 RESET CONDITION
A RESET condition can be caused by applying power o
‘the < (power-up), pulling the MCTR input low”, o by
a Wahdog timer timeout. The device will stay in RE-
"- SET s long as the oscillator start-up timer (GST) is
aciive or the MCLA inpul is "low.”
* The cscilator start-up timer is activated 2s soon as
MCLR input is sensed lo be high. This implies that in
case c! power on reset with MCLR tied to VOD the osT
stzrts from power-up. In case of WOT lime-oul, il will

start =t the end of tha time-out (since MCLR s high). In’

caseof ICLR reset, the OST will start when MCLR goes
high. The nominal OST time-out period is 18 ms. See
" section 13.0 lor detailed information on OST and power
on resel. )
During a RESET condition the state of the PIC16CSX is
defired as :
- Tne oscillalor is running, or will be starled {power-
tp or wake-up from SLEZP).
+  AIVO pod pins (RAO- RA3, RBO - R37,RCO - RCY)
are put inlo the high-impedance stale by setting the
“TRIS™ registers to all “ones” (= input mode).

« The Program Counter is set 1o all "ones” (1FFhin -

PIC16C54/55, 3FFh in PIC16CS6 and 7Frh in
" PIC18CS7).
- The OPTION register is set o all “ones”.
«-- The Watchdog Timer and its prescaler are cleared.
+ The upper three bits (page select bits) in the Slalus
" Register (13) are cleared to "zero.”

"+ TRC" devices only: The "CLKOUT" signal on the

.. OSC2 pinis held at a"low” level.

9.0 PRESCALER |

An 8-bit counteris available as a prescaler forthe RTCC,
-or 2s a pdst-scaier for the waichdog limer, respectively
(Figure 9.0.3). For simplicity, this counter is being re-
ferred 10 as “prescaler” throughout this data sheet..Note

-that there is only one prescaler available which is mutu-

- ally exclusively shared between the RTCC and the
ichceg timer. Thus, a prescaler assignment for the

RTCC means thatthere is no prascaler lor the walchdog
Umer, and vice versa,

The PSA and PS0-PS2 bits in the OPTION reqister
* determine the prescaler assignment and pre-sczle ratio,

When assigned to the RTCC, all instructions writing {o
the RTCC (e.g. CLRF 1, MOVWF {,BSF 1 x....elc.) will
clearthe prescaler. When assignedlo WDT,a CLRWDT
instruction will clear the prescaler along with the waich-
dog timer.

9.1 Switching Prescaler Assignment

CHANGING PRESCALER FROM RTGC TQ WOT

The prescaler assignment is fully under soltware con-
lrol, i.e., it can be changed “on the Ily” during program
execulion. To avoid an unintended device RESET, the
lollowing instruction sequence mus! be executed when
changing the prescaler assignment from RTCC 1o WOT:

1. MOV B'xx0xOxxx’  ; Selectinternal clock and select new

2. OPTION s prescaler valve, 1 new prescale value
1is = "000" or 001", then select any other
; prescale valus temporarily.

J.CLRF ! . Clear RTCG and piescaler.”

4, MOVLY B'xxxixox ; Select WOT, do nol change prescale
svalve,

5. OPTION :

6.CLAWOT; Clears WOT and presgaler.

[7. MOVLW Bxxxxixxx’ ; Select new prescale valye,

8. OPTION

Slep 1 and 2 are only required il 2n external RTCC
source is used. Sleps 7 and 8 are necessary only if the
desired prescale value is '000 or ‘001", °

To change prescaler from WDT lo RTCC use the lollow-
ing sequence:

1. CLAWOT Clear WOT and prescaleg

2. MOVLWB oooOxxx®  ; Select RTCC, New prescale value

. and clock sourcs
3. OPTION .
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FIGURE 9.0.1 - BLOCK DIAGRAN RTCC/WDT PRESCALER

CLKOUT {=Fose/4) ‘ DATA BUS
0
| u SYNC
PIN RTE z CYCLES
0
RTS
PSA
5 :
Y 8-81T COUNTER
WATCH u .
DOG z l :
TIMER
: Il I 8TO1 MUX |~ PS0-PS2
PSA
ol 1
WOT ENABLE MUX l___ PSA
EPAOM FUSE I
ot Note: RTE.RTS, PSA, PS0-PS2
TIMEOUT are bils in the OPTION cegister,
10.0 BASIC INSTRUCTION SET case, the execulion lakes two instruction cycles. One
instruction cycle consists of lour oscillator periocs. Thus,
SUMMARY lor an oscillator Irequency of 4 MHz, the normal insiruc-
Each PIC16CSX instruction is a 12-bil word divided into tion execution time is | psec. If a conditional lest is true
an OPCODE which specifies the instruction lype and -or-Ihe program counter is changed as a resuil of an
one or more operands which lurther specily the opera- . inslruction, the insinyction execution lime is 2 psac.

tion of the instruction. The PIC16C5X instruction set

N le 10.0.1
summary in Table 10.0.1 lists byte-oriented, bit-ori- oles lo Tab

ented, and literal and control operations. Nole 1: The9thbilof the prog}am counter will be lorced
Ferbyte-oriented Instructions, ™I represents a lile tegis- o a2 "zer0” by any instruction tha Wﬂlfs lt‘.lb? :
ler designator and "d" represents a destination desigha- e PC (12) except lor. GOTO (e.g. CALL, «!OV\.N )
tor. The lile regisier designator specilies which one of . 2elc.). See section 4.3 on page 8 lor cetails.
the 32 PIC16CSX file registers is 1o be utilized by the Note 2: When an VO register is modified as a function of
instruciion. For the PIC16CS57, bil S 2nd 6 in the FSA itsell { e.g. MOVF 6.1 ), the value used will be
delermine he selected register bank. that value present on the pins themselves. For
The destination designalor specifies where the resull of example, if the data latch is “1” [or a gin con-
the operation is to be placed. Il “d” is zero, the resull is ligured as outpul and is driven low by an exter-

placedin the Wregister. I "d” is one, the result is placed

nal device, the data will be written back with a
in the lile register specified in the insiruction.

‘0.
For bil-oriented instructions, " represants a bil fisld Note 3. The instruction “TRIS I" , where [ = 5,5, or 7
designalor which selects the number of {ffe bit alfected causes lhe conlents of the W register o be

by ths operation, while *I” represents the number of the

writlen lo the tristale Iatches of the specified file
file in which the bil is located.

(port). A “one” lorces the pin (o a high imped-

Forliteral and control operations, k" represents an eight ance s!ale and disables the oulput builers.

or nine bil constant of literal value. Note 4: If this instruction is executed on file register {1
All instructions are executed within one single instruc- (and.whers.a appl.icable. dx1), the prescaler will
lion cycle, unless a conditional lest is true or the program, be cleared il assigned lo the RTCC.

counter is changed as a resull of an instruction. In this

.
¢
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TASLE 10.0.1 - INSTRUCTION SET SUMMARY

BY l:;ORIENTED FILE REGISTER OPERATIONS

(11-6)

(5)

| opcooe

d_|

4-0
(FILE 5) |

d = 0 for destination W
d = 1 for destination |

Instracdon-Binary (Hex} Name Mnemanic, Operands Operation Stalus Attecled Noles
0001 11df ffff 1cf AddWand! ADDWF {,d W+l d €.0C.Z 124
0001 Oldf f£fef 14f ANDWand! CANDWF [, d W&fod VA 2.4
0000 011f f£f£f 06f Clear! CLRE 1 0ot 4 4
0000 0100 -0000 040 ClearV¥/ CLRW - 0 W Z
0010. 01df ffff 24f  Complement | COMF  (,d i-d 7 24
0000 11df ff£f ocf Decrement| DECF f,d f-1d Z 24
0010 11df ftff 2cf Decrement(Skipifl 2cro  DECFSZ 1,4 -1 —d. skip il zero None 2.4
0010 10df f££f 28f lIncrement | INCF f,d {+1d z 24
0011 11df f££f 3CL  lIncrement [Skipifzero  INCFSZ I, d 1+1 - d, skip il zero None 2.4
0001 00df ffff 10f Inclusive CRWandf IORWF  [,d Wvi-d 7 2.4
0010 00df ff£f 20f Move | MOVE 4d I—d z 2.4
00GO GOYf f£f 02f Move'Wlol MOVWE [ W None 14
CGCO 0000 0000 000  No Operalion NOP . - None
0011 0ldf ffff 34f Rolateleh! RLF fLd Hn)—d(n+1),C - d(0)I(7) = C ¢ 2.4

"1 0011 codf f£££f 30f  Rotale right f RRF Ld n) = d(n-1),C o dLI0) =C C 2.4
0000 10df f££f 08f Subtract W lrom { SUBWE 1,d {-Wod{l+W+1od) CoCZ 1,24
0011 10df £££f 38f Swap halves| ; SWAPE [, d {{0-3) &3 {{4-7) = d None 24
0001 10df ffff 18f Exclusive OR Wand ! XORWF " {,d Weoe | 54 'z 2.4
" (11-8) (7-5) (4-0)

BIT; ORIENTED FILE REGISTER OPERATIONS

|_orcooe | bt #]- e #)

Instroctien-Blnary {Hex) Name Mnemonic, Operands Operation Slalus Atlected HNoles
0100 tobf fLEf 4bf - Bil Clear! BCF b 0-fb) None 2.4
0101 t:bf f£ff Sbf  Bil Self BSF Lo 1) None 2.4
0110 bobf” £££f 6bf  BH Test,Sxip if Clear BTFSC 1,4 Test bil (b) in file (1): Skip il clear None
0111 bebf. ££££ Tof  Bil Test!, Skipil Set  * BTFSS I, b Testbil (b} in fite (1): Skip il set None
T (11-8) (7-0)
L{!:TERAL AND CONTROL OPERATIONS L OPCODE l K (LITERAL) ]
lnsﬂ:jcilon-alnary (Hex) Name Mnesmonlc, Oparands Oporation Slalus Alfecled HNoles

11107 kKKK kkkk
1001 kkxk kkkk
0000 0000 0100
101X KKKk Kkkk
1101 kkkk kkkx
1100 Xkkk kkkk
000670000 0010
1000 kkkk Xkkkk
0000.0000 0011
0000 0000 0f£g
1121 kkkk kkkk

Exk
9kk
004
Akk
Dkk
Xk
002
8kk
003
00¢
13343

"Notes Sea previous page

ANO Literal and W
Catt subroutine
Clear Watchdog timer

Go To address (k is 9 bit)

Incl. OR Literal and W
Move Literal to W
Load OPTION teqister

Return,place Literal in W

Go inta standby mode
Tristate port
Excl. OR Literal and W

AROLW
CALL
CLAWDT
GOTO
I0RLW
MOvVLwW
OPTION
RETLW
SLEEP
TRIS
XORLY

K&EWa W

PC+ 1 - Slack. k = PC
0 — WOT (and prescaler, il assigned)

k — PC {9 bils)
kvwW W

kW

W — OPTION regqister
k — W, Stack — PC

0 — WOT, stop oscillator
W—s /0 conlrol register {

keWawW

None 1
10, PD
None

None
None
None
10, PO
None 3
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10.1 [nsiruction Descriplion

ADOWE =~ ADDWio !

Syntax: ADDWF {d

Encoding: [0001 | lld(l £Lef ]

Words: 1

Cydes; 1

Operation: W+l —d

Slates bils: €, 0C, Z

Oescription: Add the conlents of the W register lo

" register “f". 1{ °d” is O the resullis stored

in the W register. If “d”is 1 the resull is
siored back in regisier “T.

ANDLW AND Literal and W

Syniax: ANDLW  k

Enceding: [ 1110 | nxkk J kkka

Words: 1

Cycles: 1

Operation: (W AND. k) = W

Status bils:  Z

Description:  The contents ol W register are AND’ed
with the eight bit literal k™. The resull is
placed in the W regisfer.

ANbWF AND W with {

Syntax: . ANDWF {d ,

Encoding: [ ao0L | owat | fece |

Words: 1 '

Cycles: 1

Operation; (W .AND. 1) = d

Status bits: Z

Description:  AND the W register with register *{~, I "d”
is 0 the resull is slored in the W register.
I *d” is 1 the resull is stored back in
register "{".,

BCF Bit Clear f

Syniax: BCF {.b

Encoding: (0100 l "bobs( [ reee ] .

Words: 1

Cycles: 1

Operation: 0 — i(b)

Status bits:  None

Description:  8il “b” in register *I" is reset 1o 0.

c-

-~

PIC16C5X Series

AREEN N

BSF 8it Set {
Syntax: 8SF Lb
Encoding: [0101 ] bbb l ceee ]
Words: v
Cycles: 1
Operation; 1 — I(b)
Status bits:  None
Description:  8it " in register T is setto 1. -
BTESC Bit Test, skip if Clear
Syntax: BTFSC |b .
Encoding: [ 0110 [ bbb€ ] fffrq
Words: 1
Cycles: 1{2)
Operation:  skipil {(b) = 0
Slatus bits:  None
Description:  1fbitb" in register " is “0” then the next
instruction is skipped.
bit"b"1s 07, the next instruction, letched
during the current instruction execution,
is discarded and a NOP is execuled in-
stead making this 3 2 cycle instruction.
BTFSS __ Bit Test, skio if Set
Syntax: BTFSS [b
' Encoding: 10111 l bbb f f.‘.ffj
/ Words: i
Cycles: 142)
Operalion;  skipif {(b) = 1

rSlalus bils:

Description

None

bt " in register °I" is "1” then the next
instruction is skipped.

Ibitd"is *1°, the nextinstruction, fetched
during the current instruction execution,
is discarded and a NOP is executed in-
stead making this a 2 cycle instruction.

CALL . Subroutine Call

Synlax: CALL k

EnCOQMQ: LIOOI ] krkk l kkkXx ]

Words: 1

Cycles: 2

Operation:  PC +1 = TOS: k — PC<7:0>,

‘0" — PC<8B>, PA2, PA1, PAD —

, PC<iti9>; ,

Status bits:  Nona ’

© 1993 Microchip Technology Inc.
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PIC16C5X Series

Description:

Sub.rouu'ne call. First, retlum address (PC

2-20

DECF Decrement f
+ 1) Is pushed into the stack. The eight bit ) .
__ valueisloadedinto PC bils <7:05. PC bit Syntax: OECF _ Id
T Biscleared. PA<2€O> bi(sareloac?‘edin(o Encoding: 0000 ' 11df l 19334 I
&?C <119>. CALL is a two cycle instruc- Words: :
lion. :
| { and CI d Cycles: 1
F_= Clearfan ear .
CLRF p ' Operation:  ({-1) = d
Syntax: CLRF _ Id " Statusbits: Z
Encocing: rooool oilf l (ece 1 Description:  Decrement register“I™, i(*d"is 0 the resull
Words: 1 . .is siored in the W register, Il *d”is 1 the
Cyé)es‘ ) : resull is slored back in register 17,
Operalion: ’ 00h— 1,00h = d DECFSZ  Decrement I _skip il 0
Stats bits: None Syntax:  DECFSZ  Id '
Y
Description:  Tha conlents ol register 1" are sel 1o 0, Il Encoding: { 0010 l 11df 1 feee '
*d”is 0 the conlents ol both dala memaory Werds: ]
location " and W regisler are seti0 0. I . Qras.
*d”is 1 the only conlenls of register *f are - Cycles: 1(2)
-seto0. Operation:  {f-1) — d; skipif result = 0
CLRW Clear W Reaister Status bils:  None
Syntax: CLRW Description:  The contents of register *I" are decre-
. meated. I[°d"is O the result is placed in
Encoding: [0000 l QR9 J 0000 1 the W register. Il *d" is 1 the resull is
Words: 1 placed back in register *t", If the result is
Cycles: 1 0 the next instruction is skipped.
. If the result is O, the next instruction
3 w = | o !
Operauo.n o which is already felched, is discarded. A
Status bils: 2 NOP s executed instead'mgking it 2 two
Description:  Wregisteredis cleared. Zerobil(Z)is set. cycle instruction.
CLRWDT _ Clear Watchdbq Timer GOTO Unconditional Branch
Syntax: CLRWDT - Syntax: GOTO + k
Encoding: -Loooo l 0000 l 0100 ] & Encoding: [101): l kkk& l Ek‘xq
Words: - 1 Words: 1
Cycles: 7 Cycles: 2
Operation:  0Ch —+WDT, 0 — WOT prescaler, Operation:  k — PC<8:0>, PA2, PA1, PAD
‘Slatus bits: 170, 1 - PO — PC<11i9>;
" Descriplion:  CLRWOT instruction resels the walch- Status bils:  None
e dog timer !t also resels the prescaler of Description: The low order nine bits come from the
.4 l{1e WOT. Status bits TO and PO are sel. immediate value. The upper three bits
COME are loaded from the PA <2:0> bils in the
Comolement f STATUS register,
Syntax: oM
ypax: - COMF_ g INCE Increment {
Encoding: Lgno l ngt | mtﬁ“
Words: 1 Syniex: INCF ]
.Cydes: ’ . Encoding: - n01a  t1ode | "'r_]
Operation: - d Words:
Status bis: Z Cycles: :
- tion: {+1 d
Description:  The contents ol register °I" are comple- Operal _n ten =
menled. "d"is 0 the resultis slored in W. Status bits: -Z
I *d",is 1 the result Is stored back in
. reg{stqr"f'_
DSI0Q15d-page 20 )
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Description:

The contents of register "{” are incre-
mented. Il "d”is 0 tha result is placed in
the W register. Il *d" is 1 lhe resull is
placed back in register I,

INCFSZ Increment {, skipif 0

Synlax: INCFSZ (d

Encoding: [oon ] 11df [ (ECE J

Words: 1

Cycles: 1(2)

Operation: ([ + 1) — d, skipil resull = 0

Slalus bils:  None

Descriplion: The contenls of register *I” are incre-
mented, Il *d”is 0 the resullis placed in
the W register. I °d” is 1 the result is
placed backin register *{". Hl the resull is
0 the next instrutlion is skipped.
If the resull is 0, lhe next instruction,
which is already lelched, is discarded. A
NOP is executed inslead making it a two
cycle instruction.

IORLW Inclusive OR Literal with W

Syntax: IORLW . k

Encoding: lllOl I kkkk l'r.k'xk ]

Words: i

Cycles: 1

Operation:  (W.OR. k) - W \

Status bits:  Z

Description:

The contents of the W register are OR'ed
wilh the eight bit fileral "k”, The resull is
placed in the W register.

IORWF Inclusive OR W with f

Syntax: TIORWF  id

Encoding: [0001 I 00df rtfff ]

Words: 1

Cycles:- 1

Operation: (W .OR.1) = d

Slatus bits:  Z

Description:  Inclusive OR the W regis'.gr with register

“1": I1°d”is O the resull is stored in the W
register. I{*d"is 1 lhe resultis stored back
in register ",

MOVF Move I’
Syntax: MOVF  Id
Encoding: [ anlo l 20df lffff ]
Words: 1
Cycles: 1
Operalicn:  {) = d
Status bus: Z )
Description:  The contents of register " are moved. If
"d™is O the resull is placed in the W
register. If °d” is 1 the result is placed
back in register “I", ’
MOVLW Move Lileral to W
) Syntax: MOVLW &k
Encoding: [ 1100 I whih 1 wkkk ]
Words: i
Cycles: 1
" Operation; * k= W
Status bits:  None
[ Oescription:  The eight bil literal "k” is loaded into W
register. i
MOVWF  Move Wlo f
Syntax: MOVWF | :
‘_;'Eﬂccding: [aooo [ oouJ £ece }
Words: 1
'Cycles: 1
Operation: W — |
Slatus bils: None
:‘.::_'.Describ!ion: Move data from W register to regisier 5°.
NOP No Operstion
Syntax: NOP
Encoding: | 2000 | 0000 ] 0000 ]
Werds: 1-
Cycles: i .
Operation:  No operation
Slatus bits:  None
Description:  No operation
OPTION Load Oontion Register
Syntax: OPTION
Encoding: LOOOO{OOOO I 0010 J
Words: 1
Cycles: 1
Operation: W — OPTION:.
Status bits;  None .
Description: Thecontents ol the W registeris loadedin

the OPTION register.

© 1993 Microchip Technology Inc.
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PIC16C5X Séries

RETLW

Relurn Llleral to W The processar is put into. SLEEP mode
- . with the oscillator siopped. See section
Syntsx RETLW k- ] on SLEEP mods lor more delails.

: ) kkkk
Encodag: | 1000 | ek | SUBWF___ Subtract W from {
Words: 1
vl ) Syntax: SUBWF Id .
ydes: . P
Encoding: [0000 I 10d¢ I HI
Operstion:  k — W: TOS = PC; . |
pe Words: 1
Status bits:  None
sy . . . Cycles: i
Descrption:  The Wregisteris loaded with the eight bit )
) fiteral *x”, The program counter is loaded Operation: (W) — d
from the top of the siack (the return Stalus bits;  C, OC, Z
address). This is a lwo cycls instruction. .
:SUBWE Example 11
RLF Rotate Lefl fthrough Carry elrf 0120 < £ (20 =0
] moviw 1 swren=l
Syntax: ALF___ Id SubwE  0%20 € (20h) =€ (200) ~wragu-1aFeh
Encoding: ROM l 01lde¢ [ fLEs ] :Carcy=0; Result i5 negative
Words: . 1 :'SUBNF Example 12
Cydles: 1 r'novlw OxFt
. movwf  0x20 : £(20h) =Fh
Openation:  {<n>—d<n+1>, <75 5 C, C = d<0>; clew ;wregh0 -
. subwf 9220 s L120h) =£ (200) -wreg=FFh-0=FTh
Stats bits: G :Carzy=1:Pasult iz positive
Desaiption: The conlents of register " are rotated :
* onebil to the left through the Carry Flag.
I °d” is O the result is placed in the W Description: * Subtract(2's complement method) the W
register. If*d"is 1 the resultis stored back regisier from register 1", I "d" is 0 the
in register “f", resull is stored in the W register. If *g"is
. . 1 the resull is stored back in register “1".
RRF Rotate Right f through Carry A
SWAPF  Swap ™
Symax:  RRF " Id 2
Encoding: [ o011 [ ooat | erec] SYENLI « SWARE '
Words: i Encoding: {0011 ] 10d¢ I Erffj
c . i ‘ Words: 1
Operation:  f<n> — den-15, 1<0> = C, G- d<7>: preiest oV .
Staws bits: © C Operation:  [<0:3> — d<d:7>, 1<4:7> — d<0:3>:
Description!  The contents of register °I* are rotaled §latus Lils: 'None
’ ona bil lo the right through the Carry Flag. Description:  The upper and lower nibbles ol registert
I °d™ is 0 the resull is placed in the W are exchanged. If *d” is 0 the resull is
register, I "d"is 1 the resullis placed back .~ placed in W register. 1{ *d"is 1 tha result
. in register °", . is placed in register *I",
" SLEEP TRIS Load TRIS Reglster
Syrax: SLEEP - Syntax: TRIS {
"Encoding: Loooo | 0000 l 0911 l Encoding: {oooo | 0000 | ores I
Words: 1 Words: 1
Cydes: 1 Cycles: 1
Operation: 0 PD, 1 — TO: Operation: W — TRIS register {;
. h . .
. 00h — WDT, 0 —» WDT prescaler; Slatus bits:  None
S ] bits:  T0.PD Description:  TRIS register { (1 = 5,6 or 7) is loaded with
Desaription:  The powerdownstalus bil{PD)ls cleared. the conlents of the W register.
Time-out status bil (TO) is sel. Walchdog
Timer and its prascaler are claared.
| DSXN154-page 22
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XORLW Exclusive OR literal with W

Syniax: XORLW . k

Enceding: le l k):kk] kkk):]

Words: 1

Cycles: 1

Operation: (W XOR. k) » W

Slalus bits: 2

Descriplion:  Thecontentsofthe Wreqgister are XOR'ed
wilh the eight bil literal *k", The resull is
placed in the W register.

XORWFE ___ Exclusive OR W with {

Synlax: XORWF Id

Encocing: [ 9301 [ 10ar | ceec |

Words: !

Cycles: t

Operation: (W .XOR.l) —» d

Status bils:  Z

Oescription:  Exclusive OR the contenis of the W reg-

ister with register *I". 1{ *d"is 0 the resull
is stored in the W register. {[°d"is 1 the
resull is slored back in register 1"

11.0 WATCHDOG TIMER (WDT)

The watchdog limer is reafized as a free running on-chip
BC oscillalor which does not require any external com-
ponents. Thal means that the WOT will run, even if the
clock on the OSC1/0SC2 pins ol the device has been
stopped, for example, by execution ol a SLEEP insiruc-
lion. AWOT timeout generales a device RESET condi-
lion. The WOT can be permanently disabled by pro-
gramming a “zero” into a special EPROM fuse which is
not part of the normal program memory EPROM. .

11.1 WOT Period

The WDT has a nominal lime-out period of 18 ms, (wilh
no prescaler). The lime-out periods vary with lempera-
lure, VOD and process varations from partlo pari (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can ba
assigned to the WDT under software control by wiriling
to the OPTION register. Thus, lime-out pgriods upto 2.5
seconds can be realized.

The "CLRWDT" and “SLEEP" instructions clear the
WOT and the prescaler count, il assigned ta the WOT,

and prevent il [rom timing out and generating a device
RESET condition.

The status bit "TO"in lile register {3 will be cleared upon
a walchdog timer timeout.

The WOT period is a lunction of the supply voltage,
operaling lemperature, and will also vary fromunil to unit
due o variations in the manulfacturing process. Please

refertothe graphsin section 18.0and DC specs for more
details. , .. -

11.2 WDT Programming Consideralions

It should also be taken in account thal under worst case
congilions (VDD = Min., Temperature = Max., max. WOT

prescaler) it may lake several seconds belore a WOT
limeout occurs.

12.0 OSCILLATOR CIRCUITS‘
12.1 Qscfllator Types

The PIC16CSX seriestis available wilh 4 ditferent oscil-
lator oplions. On windowed devices., a paricular oscilla-

~Jor circuil can be selected by programming the conligu-

ration EPROM accordingly. On OTP and QTP devices,
the oscillator conliguration is programmed by the lactory
and the parts are lested only to ihe according specifica-
tions.

12.2 Crystal Qscillator

The PIC16CSX-XT, -HS, or LP needs a crystal or ce-
ramic resonalor connected lo the OSC1 and OSC2 pins
lo establish oscillation (Figqure 12.2.1). XT = Standard
crystaloscillator, HS = High speed crystal oscillator. The

. series resistor RS may be required for the *HS~ oscilla-
: lor, especially at lower than 20 MHz osciliation !re-

quency. 1t may also be required in XT mede with AT
sirip-cut lype crystals lo avoid overdriving.

12.3 BC Oscillator

For liming insensilive applications the "RC" device op-
lion olfers addilional cost savings. The RC oscillaior
Irequency is a function of the supply voltage, the resistor
{Rext) and capacilor (Cext) values, and the operation
lemperature. In addilion to this, the oscillzfor fraquency .
will vary from unil to unit due to normal process param-
eler variation. Furthermore, the dillerence inlead frame
capacitance between package types will also affect the
oscillation frequency, especially for low Cext values.
Theuser also needs o take into account variation to due
tolerance of external R and C components used. Figure
12.3.1 shows how the R/C combination is connected to
the PIC16CSX. For Rext values below 2.2 kOhm, the
osciliator operation may become unstzble, or step com-
plelely. For very high Rext values (e.g. 1 MOhm), the
oscillalor becomes sensilive lo noise, humidity and
leakage. Thus, we recommend lo keep Rextbetween 5
kOhm and 100 kOhm.

Although the oscillalor will operate with no external
capacitor (Cext = 0 pF), we recommend using vzlues
above 20 pF lor noise and stability reasons. With na or
small external capacitance, the oscillation Irequency
canvary dramalically due to changes in external capaci-
1ances, such as PCB lrace capacilance or package lead
lrame capacitance.

© 1993 Microchip Technoldgy inc.
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Seetzatleinsecticn 18.0 lor RC irequency varialicn from
pan o part due lo nommal process varation, The
vanston is larger lor larger R (since leakage current
varatonwill alfect RC irequency mare for large R) and
for smaller C (since variation of Input capacitance will
aflect RC frequency more).

See characteristics in section 18.0 for vaniation of ascil-
lator requency due to VOO lor given RexCext values
aswell as Irequency variation due to operating lempera-
ture for given R, C, and VOO values.

Theescillator frequency, divided by 4, is available on the
OSCZCLKOUT pin, and can ba used lortest puposes
or X .synchronize other logic (see Figure 2.2.1 for
timing). -

Higher capacilance increzses the stability of oscillator
but also increases the start-up lime. These values are
for design guidancs only. Since each resonator has its
ovmcharacteristics, the user should consult the resona-
tormanufaciurer for eppropriala values of external com-
ponents. -

FIGURE 12.2.1 - CRYSTAL OPERATION
(OR CERAMIC RESONATOR)
. (HS, XT OR LP TYPES ONLY)

osct
] .
F P paishlbiadsesy
c1 | OGRS
— ) [ JERRC P
XTAL PR SlEsD
k! 1] 1
— ' ¥ '
0sc2| t¢! '
]
TR - = - - e e 7O INTERNAL
& LoGIc

Rs may be required in HS and XT modas for AT strip-cut
aystals to avoid overdriving. Ses Tables 12.2.1 and 12.2.2

lot recommended vaiuas of C#,€2pof d=cillator type and
frequency. . -

~

FIGURE 12.2.2 - EXTERNAL CLOCK INPUT
OPERATION (HS, XT, or LP
TYPES ONLY)

CLOCK FROM —-—{>;___> osci
£XT. SYSTEM

OPEN ———-! 0sC2

—

PIC16CSX

TABLE 12.2.2 - CAPACITOR SELECTION FOR
-CRYSTAL OSCILLATOR

Osc Freq C1 cz
Type
LP 32 KHz 15 0F 1S pF
X7 100 KHz 15-30pF 200 - 300 pF
200 KHz 15-30 pF 100 - 200 oF
455 KHz 15-30pF 15 - 100 pF
1 MHz 15-230¢F 15-30¢pF
2 MHz 15 pF 15p
- 4 MHz 1S oF 15 oF
HS 4 MHz 15 pF 1S pF
"1 BMHz 15 pF 15 pF
20 MHz 1S pF 1S pF

Higher capacilance increases the stabilily ol osciilator
bul also increases the start-up lime. These values zre
for design guidance only. Rs may be required in HS
mode as well as XT mode to avoid overdriving crystals
wilh low drive level specification. Since each crysial has
ils own characterislics, the user should consull the

crystal manufacturer for appropriale values of external
components.

FIGURE 12.3.1 - RC OSCILLATOR
(RCTYPEONLY) =% -

Voo
TABLE 12.2.1 - CAPACITOR SELECTION Aext
: FOR CERAMIC 0sc1 Internal
RESONATORS T = 7’2_—_[—-— clock
Oscillator | Resonator | Capacltor Range Gt T N‘B PicisCsXRC
* Type Frequency C1=C2 Vs = 0SCCLKOUT
XT 455 KHz 150 - 330 pF L Fosc/a =
- 2.0 MHz 20-330 pF
4.0 MHz 20 - 330 oF
HS 8.0 MHz 20 - 200 pF
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FIGURE 13.1.1 - EXTERNAL POWER
ON RESET CIRCUIT

Voo
D R
R1 .
MCLR
==¢
* L PIC16CSX
Notas: -

1. Extemal power on reset circuil is required only il Voo
pawer-up skope is loo slow or il a low liequency
crystal oscillator is being used thal need 2 long
slart-up tme. The diode' D helps cischaiga Ihe
capacitor quickly when VOO powers cown,

2. R < 40 KO must ba observed 1o make sure that
voftage drop across R does nol exceed 0.2 V {max
leakage current spec on MCLR pinis 5 pA). A
larger vollage drop will degrade Vix level on MCLR
pin,

3. Ri= 10001 to 1KQ will limit any current flowing
into MCLR Irom external caoaclor C in the

- avenl of MCLR pin breakdown cue 1o ESD or

£0S.

FIGURE 13.1.2 - BROWN OUT PROTECTION

CIRCUIT
Voo Voo
3K
10K
MCLR
0K )
. I
K . =3 PIC16CSX

Notes: -
1. This circuil will aciivale reset when VDO ‘goes

below (VZ + 0.7 V) whera VZ = Zener volizge.

FIGURE 13.1.3 - BROWN QUT PROTECTION

CIRCUIT
M R e —— i (V7
R1
o1 M
MCLR
R2
= PIC16CsX

Noles:

1. This brown circuil is less expensive, abeil fess
accurats. Transistor Q1 lurns off when YOO is
below a cenain level such that;

VOO - R1

«0.7V.
. . R + R2

PIC16C5X Series

13.0 OSCILLATOR START-UP TIMER
(0ST)

Oscillator circuils based on crystals or ceramic resona-
lors require a certain lime afler power-up 1o esiadlish a
stable gscillation. An on-chip cscillator start-up limer is
provided which keeps the devica in a RESET condition
for approximately 18 ms afier the voltage on the MCLA .
pin has reached a logic high (VIHMC) level. Thus,
external RC networks connected lo the MCTR input are
nol required in most cases, allowing for savings in cost-
sensilive and/or space restricted applications.

The OST will also be triggered upon a walchdog limer

limeoul. This is panicularly important lor applications

using the WOT lo awake the PIC16CSX from SLEEP
, Mode aulomalically.

““The OST is nol adequate lor low lrequency crystals

which require much longer than 18 ms lo start up and
stabilize.

13.1 Power On Rese! (POR)

The PIC16CSX incorporates an on chip Power On Resel
(POR) circuilry which provides internal chip resel for
mos! power-up siluations. To use Ihis feature the user
merely needs to tie MCLR pinto VOO. A simpfified bleck
diagram ol the on-chip power on resel circuil is shownin
Figure 13.1.4, The power on resei circuil and the
oscillator start-up timer circuit are closely relzied. On
power-up the resetlatchis set and the start-up timer {see

_,-'F"ngure 13.1.4) is resel. The start-up limer begins count-
ing once it detects MCLR o be high. After the time-out
period, which is typically 18 ms, it will resel the reset-
latch and thus end the on-chip resel signal.

Figures 13.1.5 and 13.1.6 are two power-up situalions
with relativeiy last dse time cn VOO, in Figuie 13.1.5, .
VDO is allowed lo rise and stabilize belore bringing
MCLR high. The chip will aclually come cut ol reset

-10ST ms atier MCLR goes high. In Figure 13.1.5. the on
chip power-on resel leature is being utilized (MCLR and
VDD are lied together). The VOO is stable before the
stantup timer times out and there is no problemin getling
a proper résel. * Figure 13.1.7 depicls a gotentially
problematic situation where VDO rises too slewly. Inthis
situation, when the start-up limer times out, VOO has nct
reached the VDD (min) value and the chip is therefore
no! guaranteed toJunction correctly.

To summarize, the onchip power-onresetis guaranieed
lo work il the rale of rise of VDD is no slower than 0.05
Vims. ltis also necessary thal the VDO starls from OV.
The on chip power on reset is 2iso not adequate lor low
frequency crystals which require much longer than 18
ms 1o starl up and stabilize. For such situalions, we
recommend that external RC circuils are usec for longer
power on resel.

@ 1993 Microchip Technalogy Inc.

0S30015)-page 25

2.985 .



PIC16C5X.Series

FIGURE 13.1.4 * SIMPLIFIED POWER ON RESET BLOCK DIAGRAM

POWER.UP POR (POWER-ON RESET)
W * DETECT :

Yco

@ &» {>°T‘vor TIME-OUT

MCLR
PIN

RESET S o
ON-CHIP ‘ ) 8-8IT ASYNCH
RC 0sC

RIPPLE COUNTER
(START-UP TIMER)

R QP

CHIF RESET
FIGURE 13.1.5 - USING EXTERNAL RESET INPUT
. : E
Voo ‘_/. b \\f il |
/ \ j nole ,
MCLA L e
INTERNAL POR i — j
{0sT "—"“.' rée——— |OST

* OST TIME-OUT - I [‘——]
INTERNAL RESET l p ]—

Note 1: The tost Ime-out is invoked avery time the chip comes out of resel,

FIGURE 13.1.6 - USING ON-CHIP POR (FAST Voo RISE TIME) -

Voo \_//

Y 4

INTERNAL POR r

i"-'— 10sT ——*

OST TIME-QUT

—_—
INTERNAL RESET
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FIGURE 13.1.7 - USING ON-CHIP POR (SLOW Voo RISE TIME)

MCLR

]

INTERNAL POR

Voo L—//

sy’

Vi

OST TIME-OUT

© ——tosT—

INTERNAL RESET

-

When VO risas slowly, the internal time-oul period expires long belore Voo has reached its final
valua. In this example, the chip will reset properly if, and oaly il, V12 Voomn,

..

-14.0 POWER DOWN MODE (SLEEP)

The power downmode s enlered by execuling aSLE EP
instruction, ’

If enabled, the watchdog timer will be cleared but keeps
running, the bit "PD" in the stztus register (13) is cleared,
the “TO" bit is set, and the oscillator driver is turned oll.
The I/O ports maintain the status they had, beiore the
SLEEP command was execuled (driving high, low, ot hi-
impedance).

Forlowes! current consumption in this m‘ode. alo pins
should be eilher at VOO, or VSS, wilh no exiernal
cireuilry drawing current from the /0 pin. 1O pins that

are in the High-Z mode should be pulled high or low

'exlemally to avoid swilching currents caused by floaling
inputs. The RTCC input should also be at VOO or VSS
for lowest current consumption. *

The MCLR pin must be at VIHMC.
14.1 Wake-Up

The device can be awakened by a watchdog limer
timeout (il i is enabled) or an externally applied "low"
pulse at the MCLA pin. In bolh cases the PIC16CSX will
stay in RESET mode lor one oscilfator start-up limer
period (triggered lrom rising edge on.MCUR or WOT
limeout) before normal program execulion resumes.

The- "PO” bitintha STATUS register, whichis set lo one
during power on . but cleared by the "SLEEP" command,
can be used to determine il the processor was powered
Up of awakened Irom the power down mode (Table
4.5.1.2). The TO bilin the Slatus tegisier can be used
lo determine, if the “wake up”was caused by an extemnal
MCLR signal or a walchdog timer lime oul.

——

NOTE: Some applications may require externzl R/C
networks on the MCLR pin in order o allow lor cscillator
“startup times longer than one OST period. In this case,
a WODT wake up from power down mode is not recom-
mended, because a RESET generated by a WOT lime
oul does not discharge the exlernal capacilor, znd the
PIC16CSX will be in RESET only lor the oscillator start-
up limer period.

15.0 CONFIGURATION FUSES

The conliguration EPROM consists of four EPROM

“ luses which are no!l pan of the normal EPROM for

program slorage.

Two are lor the selection of the oscillator type, one is the
. watchdog limer enable fuse, and one is the code protec:
«fion fuse.

QTP or QTP devices have the oscillator conlfiguration
programmed by the lactory and the pans are lested
accordingly. The packages are marked with the sullixes
“XT", "RC", "HS" or "LP~ lollowing the part number 1o
identify the oscillator type and operating rangs.

15.1 Customer ID Code

The PIC16C5X series has 16 special EPROM bits which
are not pan of the normal program memory. These bils
arg available lo lhe user to siore an Identilier (1D} cede,
checksum, or other informalive data. They cannol be
accessed during normal program execution.

© 1993 Microchip Technology Inc.
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152 Code-Protection °

The program cods writien info the EPROM can be
protected by programming the code prolection fuse wilh
When code protected, the conlents of the program
EPROM cannol be read out in a way that the program
code can be reconstiucied. In addition, all memory
locations starling at 040h and above are protected
agamst programeming.

N is still possible to program locations 000h - 03Fh, the
10 locations and the configuration fuses,

Nole that lhe.conﬁgura(ién fuses and lhe'lO bits can still
ba read, even il the code protection legic is aclive.

.

13.21 Yerifving a Code-protected Pad

When code protected verlying any program memory

focation will read a scrambled output which looks like

"0Q000000XXXX" (binary) where Xis 1 or 0. To verily a

device after code protection, lollow this procedure:

a. Firsl, programand verily a good device without code
prolecting it. .

b. Next, blow its code protection luse and then loadils
contents in a file.

. Verily any code-protected Pan against this lile,

DS30015J-page 28
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PIC16C5X Series

16.0 ELECTRICAL CHARACTERISTICS

16.1 Absolute Max!mum Ratings*

Ambient lemperaluré under bias -55°C 1o +125°C

Slorage Temperalure .......eeciesssens -65'Clo +150°C
Voltage on any pin with respect lo Vss

{except VOO and MCLR) ceeerreeeee. -0.6V 1o Voo +0.6 V
Voltage on Voo with respect 1o VSS .. Olo+7.5V
Voltage on MCLR with respect to Vss

(NOLE 2) ceerrrrrmnrersmnnsemsssessasniissiensgeasaanasasasse L.0lo+14V
Total power Dissipation (Note 1) weeceireiennes 800 mW
Max. CUTent 0Ul 0f VSS DIt weuerrecessmeesecesecces 150 mA
Max. Current inlo VDO PiN ccivieeemeessassneasesennes 50 mA
Max. Current into an inpul Pin .uceeesceeeeceasecs 500 A
Max. Output Current sinked by any /O pin ....... 25 mA
Max. Oulput Current sourced by any VO pin ....20 mA
Max. Oulput Current sourced by a single

VO port (Port A, B, or C) 40 mA
Max. Qutput Current sinked by a single

1O port (Port A, B, or C) 50mA

TABLE 16.2 - PIN DESCRIPTIONS

w

*Notica: Slressas abovathose listed under "Maximum Ralngs® ‘
may causa parmanent damage to the device. Thisis a stress
rating only and funciionat operalion of the devica at those crany
other conditions abova thosa indicated in the operation fistings
of this specificationis nolimplied. Exposura to maximum rating
conditions lor extended padeds may affect devica teliability,

Notes: 1. Total powerdissipation should not exceed 800 -
mW for the package. Power dissipation is
calculated as lollows:

Pdis = VOO X (Ioo % loh} + L {{Voo-Voh) x loh}
+ I(Volxlol} ~ )

. Voltage spikes below Vss at the MCLR pin,
inducing currents greater than 80mA, may
cause latch-up. Thus, a series resistor ol 50-
1000 should be used when applying a “low’ "
level to the MCLR pin rather than puling this
pin directly ta Vss.

Name Function Descriptlon

RAO - RA3 VO PORT A 4 input/output lines.

ABO - RB7 VO PORT B 8 inputioutpul lines.

RCO - RQ? O PORT C 8 inpuloutput lines, (PIC16GS5/C57 only)

RTCC Real Time Clock/Counter ‘1 Schmiti Trigger Input.
Clock input to RTCC register. Must be ued 1o Vss or Voo il
not in usa o avoid unintended entering of lest modes and

. to reduce current consumption.

MCLR Master Clear Schmitt Trigger Inpul. ‘-
A “Low; vollage on this input generales a RESET condition
lor the PIC16CSX microcontroller.
A rising voltage lriggers the on-chip oscillator stari-up limer
which keeps the chip in RESET mode for about 18ms. This
input must bae tied dlrectly, of via a pull-up resistor, to voo.

OsCt Oscillator (input) “XT*, "HS" and."LP" devices: Input terminal for crystal,
ceramic resonator, or external clock generatar.
“RC” devices : Driver lerminal for external RC combination

> lo establish oscillation. N

OSC2/CLKOUT Osciltator {output) For “XT, "HS" and “LP" devices: Output terminal for crysia
and ceramic resonator. Do not connect any other load lo
this output. Leave open il-external clock generator is used.
For "RC" devices : A "CLKOUT™ signal with a Irequency of
1/4 Fosel is put out on this pin.

Voo Power supply . :

Vss Ground ) . .

N/IC No (internal) Connection .

L : >

© 1993 Microchip Tezhnology Inc.
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163 DC CHABACTERISTICS: PIC16CSX-RC, XT, HS, LP (Commercial)

DC CHARACTERISTICS, Standard Operating Condltions
POWER SUPPLY PINS Operaling temperalure 0 5 TA € +70°C, unless otherwise staled
Operaling voltage V00 = 3.0V lo 5.5V unless otherwise stated
. . Typ
Characteristlc Sym | Min |(Note 1)] Max |Unlts Condliions
Supply Yoltage
PIC16C5X-XT Voo 3.0 8.25 |V Fosc = DC o 4 MHz
PIC16CSX-RC 3.0 6.25 |V Fose = OC lo 4 MHz
PIC16CSX-HS 4.5- " 55 |V Fosc = DC 1o 20 MHz
PIC16CSX-LP 2.5 6.25 |V Fosc = DC 10 40 KHz
RAM Data Relentlon VoA 1.5 ' Device in SLEEP mode
-{ Yoitage (Note 3)
Voo stant voltage to VPOR Vss v See section 13.1 lor details on power on
guarantee power on reset reset
Voo rise rate lo guarantee | Svoo 0.05 N Vims | See seciion 13.1 for delails on power on
power on reset = '
Supply Current (Note 2) b
PIC16CSX-XT loo 1.8 3.3 | mA | Fosc= 4 MHz, Voo = 5.5V
PIC16C5X-RC (Note 5) 1.8 33 |mA | Fosc=4 MHz,Voo=5.5V
PIC16C5X-HS 4.8 10 mA | Fosc =10 MHz, VOO = 5.5V
9.0 | 20 !mA | Fasc=20MHz Voo=55V
PIC16CSX-LP . 15 32 I'pA | Fosc = 32 KRz, Vo0=3.0V, WOT disabled
Power Down Current Th
(Note 4) U
PIC16CSX ) 4 .12 | pA | Voo = 3.0V, WOT enabled
0.6 ] A | Voo = 3.0V, WOT disabled

* These parameters are based on characterization and are not lested.

Note 1: Data in the column labeled “Typical” is based on characterization results at 25°C. This dala is for dESIgn
guidance only and is nol tested for, or guaranteed by Microchip Technology.
Nole 2:  The supply current is mainly a function of the operating voltage and frequency, Other laclors such as bus

loading, oscliatar type, bus rale, Intemal code execution pattern, and temperature also have an impact on the
curren{ consumption.

a) The test conditlons {or all loo measuremants in active operalionmods are:
0OSC1=extemal square wave, Irom rail lo raxl all /O pins tristated, pulled to Voo, RT = Voo, MCLR = Voo: WOT
enabled/disabled as specilied.
b) For stand-by current measurements, the condilions are the same, except that the device is in SLEEP mode.
Note 3:  This is the limil lo which Yoo can be lowered in SLEEP mode without losing RAM data.
Note 41 The power down current in SLEEP moda does not depend on the oscillator type. Power down current is
measured with the par( in SLEEP mode, with ail VO pins in hi-impedence state and lied 1o Voo and Vss.

Note 5:  Does not include current through Rext. The currenl through the resistor can be estimaled by the lormula
Ir « VOO/2Rext (mA} with Rext in kOhm.
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16.4 DC CHARACTERISTICS: PICIGCSXI-AC, XT.HS. LP (lndusirlall  ~ - 1'% ,7

DC CHARACTERISTICS, Slandard Operating Condltlons
POWER SUPPLY PINS Operating 'lemperalure -40 < TA € +85°C, unless olherwise stated = ¢ -
Oparating vollage V0o = 3.5V 1o 5.5V unless otherwise stated
« Characterlslic Sym | Min (Note 1) Max | Unils Condltions
Supply Vollage - -
PIC16CSX-XT Voo 3.0 625 | V Fosc = DC lo 4 MHz
PIC16CSX-RC 3.0 68.25 | V Fosc = DC to 4 MHz
PIC16CSX-HS 4.5 5.5 v Fasc = OC 10 20 MHz
PIC16CSX-LP 2.5 6.25 | V Fosc = DC lo 40 KHz
RAM Data Retention Vor 1.5 v Device in SLEEP mode
Voltage (Note 3) ’
Voo start vollage to VPOA Vss A See section 13.1 lor details on power on
guaranlee power on reset . resel
Voo rise rate to guarantee | Sveo | 0.05° Vims | See saction 13.1 lor details on power on
power on resel reset
Supply Current (Note 2) D
PIC16CSX-XT loo 1.8 |33 MA | Fose = 4 MHz, VOO = 5.5V
PIC186CSX-RC (Nole 5) 1.8 {33 mA Fose = 4 MHz, V0O = 5.5V
PICIECSX-HS 4.8 10.0 | mA Fosc = 10 MHz, V09 = 5.5V
9.0 }20.0 | mA Fosc » 20 MHz, V0O = 5.5V
PIC16CSX-LP 19 40 nA Fosc = 32 KHz, Voo = 3.0V, WOT disabled
Power Down Current
(Note 4) .
PIC16CSX ] 5 14 pA Voo = 3.0V, WOT enabled
0.8 12 A Voo = 3.0V, WOT disabled

* These paramelers are based on characterizalion and are nol tested.

Data in.the column labeled "Typical® is based on characierizatiea r2sults at 25°C. This data is for: design
guidance only and is not lested lor, or guaranteed bf Microchip Technology. :

The supply current is mainly a function of ihe operaling voltage and Irequency. Other factors such as bus
loading, oscillator type, bus rate, internal coda execution pattern, and temperature also have an impact on the

a) The lest conditions lor all .loo measurements in active operation mode are:
OSC1= external square wave, from rait to rzil; all VO pins lristated, pulledto Voo, RT = Voo, MCLR = Voo, WOT

b) For stand-by current measurements, the conditions are the same, ex'cepl that the device is in SLEEP mode.
This is the limit to which Voo can e lowered in SLEEP mode withbut losing RAM data.

The pawer down currenl in SLEEP mode does not depend on the oscillator type. Power down current.is
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VOO and Vss.

Note 1:
Note 2:
current consumption. ,
enabled/disabled as specified.
Note 3:
Note 4:
Note 5:

Does not include current through Rext. The current through the resislor can be estimated by the formula
Ir = Voo/2Rext {mA) with Rext in kOhm.

© 1993 Microchip Technology Inc. )
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16.5 PC CHARACTERISTICS; PIC16CSXE-RC, XT, HS, LP (Automotive)
DC CHARACTERIST]CS, Standard Operating Condlitions
POWER SUPPLY PINS Operating lemperature <40 £ Ta < +125°C, unless otherwisa stated
Operating vollage Vo0 = 3.5V 1o 5.5V unlass otherwise stated
Characteristic Sym | Min TP Max | Units Conditions
(Note 1) .
Supply VYollage
PIC16CSX-XT Voo 3.25 6.0 V. Fosc = OC to 4 MHz
PIC16CSX-RC 3.25 60 | v Fosc = DC 10 4 MHz
PIC16CSX-HS 45 . 55 | v Fosc = OC 10 20 MHz
PIC18CSX-LP 25 6.0 v Fosc = DC 1o 40 KHz
RAM Data Retentlon YGR 1.5 \ Device in SLEEP mode
Voltage (Note 3)
Yoo start voltage to VYPCR Vss \ See section 13.1 for detalls on power en
guarantee power on reset resel
Voo rise rate to guarantee  |Svoo | 0.05 «| VIms | See section 13.1 for details on powrer on
power oqa reset - reset Y
Supply Current (Note 2)
PIC16CSX-XT oo 1.8 ]33 mA Fosc = 4 MHz, Voo = 5.5V
PIC16CSX-RC (Note 5) 1.8 13.3 MA | Fosc =4 MHz, Voo = 5.5V
PIC16CSX-HS 7 4.8 100 | mA Fosxc = 10 MHz, Voo = 5.5V
] 9.0 |20.0 | mA Fosc = 16 MHz, Voo = 5.5V
PIC16CsX-LP 25 55 pA Fosc = 32 KHz, VoD = 3.25V, WOT diszbled
Power Down Current
(Note 4) g
PIC16CSX lro 5 22 pA Voo = 3.25V, WOT enzbled
08 |18 pA VDo = 3.25V, WOT disabled

* These parameters are based on characterization and are not tesied.

Note 1:  Dala in lhe column labeled “Typiczl” is based on characterization results al 25°C. This data is lor design
guidanca only and is not lested for, or gquaranteed by Microchip Technology.

Note 2:  The supply current is méinly a lunction of the operating vollage and Irequency. Other sclors such as bus
loading, pscillator type, bus rate, internal cede execution pattern, and lemperature also have animpact on the
current consumption,

a) The test conditions fer all loo measurements in active operation moda are:

OSC1= extemal square wave, from rail to rail; all VO pins tristated, pulled to Voo, RT = Voo, MCLA - Voo: WOT
enabled/disabled as specified. )

b} For stand-by current measurements, the conditions are the same, except that the device is in SLEEP moce.

Note 3:  This is the limil to which Voo can bs lowered in SLEEP moda wilhoul losing RAM dala.

Note 4:  The powsr down curtent In SLEEP* mods does not depend on the oscillator lype. Power down cusrent is
measured with the part in SLEEP mode, wilh afi VO pins in hi-impedence stale and tied to Voo and Vss.

Nota 5: Does notl inqude current through Rext. The current through the resistor can be estimaled by tha lormula .
Ir = Voor2Rext (mA) with Rext in XOhm.
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16.6 DG CHARACTERISTICS: PIC16CSX-RC, XT, HS. LP {(Commerclal)
PIC16CSX1-BC, XT, HS, LP {Indusirial)
DC CHARACTERISTICS, Slandard Opersting Conditlons (unless otherwise stated)
ALL PINS EXCEPT POWER SUPPLY Operaling lemperature 40 < TA < +85°C lor industrial
and 0°C s TA < +70°C lor commercial
Operating voltage Voo range as described in OC spec lables
16.3 and 16.4 )
Characterlslic Sym Hin Typ - Max Units Condiljons
: (Note 1)
Input Low Vollage
QO poris ViL Vss 0.2 Voo \ Pin at hi-impedance
MCLR (Schmitt trigger) Vss 0.15Voo | V
RTCC (Schmilt Irigger) Vss 0.15 Voo \
OSC1 (Schmitl trigger) Vss i 0.15 Voo A PIC16CSXRC only (Note 5)
OSCH Vss 0.3 Voo N PIC16CSX-XT, HS, LP
input High Voltage
/O ports Vik - | 0.45V00 Voo \'% For all Voo (Note 6)
2.0 Voo v 4.0V < VD0 $5.5V (Note 6)
0.36 Voo Voo v Voo > 5.5V
MCLR (Schmitt trigger) 0.85 Voo Yoo v
RTCC {Schmitt trigger) 0.85 Voo Voo Y
OSC1 (Schmitt lrigger) 0.85 Voo Voo \ PIC16CSX-RGC only (Note 5)
0SC1 0.7 Voo VDo \' PIC16CSX-XT; HS, LP
Input Leakage Current For VDo 5 5.5V
{Notes 3, 4) .
10O ports I -1 05+ pA | Vss< Ve g Voo,
) Pin at hi-impedance
MCLR +5 : pA | VPIN = Vss + 0.25V
MCLR 0.5 +5 pA | Vein= VOO
ATCC . -3 0.5 <43 ‘wA | Vss $-VPin S VOO
OSCt . -3 5 ) A | VsssVeins VoD,
PIC16C5X-XT, HS, LP
Output Low Voltage .
VO Ports VoL - | - 0.6 | Vv | lot=87mA, VoD = 4.5V
OSCYCLKOUT 0.6 v oL = 1.6 mA, VDD = 4.5V°
PIC16C5X-RCY : -
Output High Voltage
/O Ports (Note 4) Vor V00-0.7 \Y 10K = -5.4 mA, VOO = 4.5V
OSCCLKOUT . Voo-Gr7 V |, loH = 1.0 mA, VDD = 4.5V
{PIC16C5X-RC) ’ ’

Note 1: Datainthe columnlabeled “Typical is based on characterization results a1 25" C. This dalais for design guicancs

only and is not tesied lor, or guaranteed by Microchip Technology.

Total power dissipation as stated under absoluts maximum ratings must nol be exceeded. :

The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels

represent normal operating conditions. Higher leakags cumrent may be measured al duﬂerent input voltages.

Note 4 ;: Negative current is delined as coming out of the pin.

Note S : For PIC16CSXRC devices, the OSC1 pin is a Schmitt trigger inpul. itis not recommended that the PICi6CSX
be driven with extemal clock in RC mode.

Note 6: The user may use better of the two specilications.

Note 2 :
Note 3 :
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35X Seriés

‘HARACTERISTICS: PIC16CSX-RC, XT, HS, LP (Automotive)

RACTERISTICS, Standard Operatlng Conditions (unless olherwise stated)

iS EXCEPT POWER SUPPLY  Operating temperature -40 < Ta < +125°C
Operaling voltage Voo rande as described in DC spec lables
. 16.3 and 16.4 )
:aracteristic Sym Min Typ Max Units Condilions
(Note 1) . ’
# Yollage
. . Vit Vss 0.15 Voo Vv Pin at hi-impedance
-chmitt trigger) Vss_ 0.15 Voo v
chmitl trigger} Vss 0.15 Voo \Y
chmitl trigger) Vss 0.15 Voo \% PIC16CSXRC only (Nole 5)
Vss 0.3 Voo \Y PIC16CSX-XT, HS, LP
gh Vollage |
; ) Vin 0.45 Voo 1 voo v For all Voo (Note 6)
2992 Voo vV | 4.0V <Vo0<5.5V(Note6)
0.36 Voo Yoo \ Voo > 5.5V
Schmilt trigger) 0.85Vco Voo \
Schmitt trigger) 0.85 Voo Voo \Y
Schmittingger) | 0.85Voo | Voo Y P1C16CSX-RC only {Note 5}
0.7°Vco Voo v PIC16CSX-XT, HS, LP
eakage Current + - For Voo s 5.5V
3. 4) i
'S 118 -1 0.5 +1 pA | Vss < Ve Z Voo,
z. Pin at hi-impedance
5 ) A | VPN = Vss + 0.25V
; 0.5 +5 pA | VP = Voo
-3 "l os +3 | pA | VssSVPINS VDO
-3 0.5 T43 pA | VsssVPinsS Voo,
) PIC16CSX-XT, HS, LP
It Low Voltage 2
s Vou 0.6 \ ot = 8.7 mA, Voo = 4.5V
YCLKOUT 0.6 v loL = 1.6 mA, VOO = 4.5V
5C5X-RC)
ut High Yoltage .
orls {Note 4) VoH Vo0-0.7 v lott = -5.4 mA, Voo = 4.5V
JCLKOUT V00-0.7 | V| lo=-1.0mA, VoD = 4.5V
16C5X-RC)

: Oatainthe columnlabeled "Typical’ Is based on characlerization results at 25 * C. This datais lor design guidance

only and is nol tested lot, or guaranteed by Microchip Technology.

2 : Total power dissipation as stated under absolute maximum ratings must nol be exceeded.

3 : Tho leakage current on the MCLR pin Is strongly dependent on tha appliad voltage level. The specilied levels
fepresent normal operaling conditions. Higher leakage current may be measured at dillerent inpul vollages.

4 : Negative current Is defined as coming out of the pin.

5 1 For PIC16CSXRC davices, the OSC1 pin is a Schmilt trigger input, Itis not recommended thal the PIC16CSX
be driven with external clock in RC mode.

6: The user may usa batter of the two specifications.
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PIC16C5X Series

JOTES TO TABLE 16.8:

«J. ‘0213 in the columa Iabeled Typical is based on characierization
: resulls 2t 25°C. This datz is lor design quidance only and is nol
lested fox, of Quaranteed by Microchip Technology.
.2 Instruction cycle period {Toy) equals four times the input escillator
' time base period.
Al speafied values are based on characterization data for that
particubar oscillator type under standard operating conditions with
the device execuling code. Exceeding these specified fimils may

.

16 9 Electrical Structure of Pins

“FIGURE 16.9.1 - ELECTRICAL
STRUCTURE OF VO PINS (RA, RB, RC)

resull in an unstable oscillator operation and/or higher than sx-
pected current consumption, All devices are tested lo operale al
“min,’ values wilh an external clock applied to the 0SC1 pin.
When an external clock fnput Is used, the "Max.” cycla time limit
is "0C {no clock) for alf devices.

3. For 3 detailed explanation of RTCC inpul clock requirements see
section 4.2.1,

4. Clock-inhigh-timeisthe duration lor which clock input is 2t VIHOSC
or higher.

Clock-inlow-time is the duration fur which clock input is at VILGSC
of lower.

17.0 TIMING DIAGRAMS
FIGURE 17.0.1 - RTCC TIMING

T o
-

_._)1._'

X

Pi—

RiCC

-
|~ A

e TR = Tnu

TrRip

_FIGURE 16.9.2 - ELECTRICAL
STRUCTURE OF MCLR AND RTCC PINS

FIGURE 17.0.2 - OSCILLATOR START-UP TIMING (PIC16C5XRC)

B
i N g "
:;%4__ ........
[T . : Tor - ter
. : i :
) Yous . ' "W e 3
. ! J
i
CLXQYT ~—meeem s s 0 s s s v e [ l L .
. . .
. . .
TETOML WSIRUCIION , FEICH 2, ISTAUCTION | B
OEWVCE RESET S TS T TR IRIY e PROLTL TR T e all
FCIION = . EXECUTE FONCED' NOP | EXECUTE §. MSTAUCTION |
vss vss ' _ . .
-

Hotes to figures 16.9.1 and 16.9.2: The diodes and the grounded gale {or outpul driver) NMOS device are carelully designed lo prolect against £SD
{Bectrosatic discharge) 2nd £0S (Elccmca! overstress). Rin is 3 small resistance lo lurther protect the input butler from €S0.

HC.SURE 17.0.3 - INPUT/OUTPUT TH4ING FOR LVO PORTS (PIC16CSXRC*)

| S — ?
| SRR 127 —“ — ////////// |
7" The CLKOUT outpes is avadable oy on PICIECSXAC devices.,
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PIC16C5X Series

P
18.0 DC & AC CHARACTERISTICS GRAPHS/TABLES: ) !
The graphs and {ables provided in this section are for FIGURE 18.0.1 - TYPICAL RC OSCILLATOR
design guidance and are nol lested or guaraniged. In FREQUENCY vs.
some graphs or tables the dala presenied are oulside TEMPERATURE
specilied operaling range (e.g. outside specified Voo
range). This is for information only and devices are
nteed lo operala proparly only within the specified T '
guara Forc125°Q) FREQUENCY NOALULTED TO +25'C
{ange. e 1.08 -7 T
. . . . Py ) Rext 2 1OKL)
The data presented in this section is a stalistical sum- - 106 fd Cat - 10008
mary of data collected on units from dilferent lots over a Lo
penod of lime. ‘Typical' représents the mezn of the
distribution while ‘max’ or ‘min’ represents {mean + 3a) o2
and {mean - 30) respectively where ¢ is standard de- 1.00 <3
vialion. ) [
. X} |
™ : :
g !
PYVE I _E ._.._T_.
Q.92 ! l :
0%t ! !
[ 10 20 0 « 50 62 n
e

FIGURE 18.0.2 - TYPICAL RC OSCILLATOR
FREQUENCY vs Voo’

- 55

5.0
| — R=3.3x '
1

s el

/ : '
40 ¥

] A-Ske ]
s :
F]
£ 30 ,
9 ' 2f
S 25 | A H
& | I . |
20 f Rn10k
1.3
1.0
Cext = 20pF, T=25C
1] !
05 ! ! -
Re 100K

3.0 A5 4.0 45 5.0 55 6.0
Voo (Vens)

FIGURE 18.0.3 - TYPICAL RC OSCILLATOR
FREQUENCY vs Voo*

18 : l
! A-3.3%
1.6 :
.l
1.4 i
\ . i
{~ ! \3 __‘L
v
£ o0
o .
o=t
w 08\
- T~ Rotx
[ m—
05
~
0.4
0.2
I' I R 100k
0 l | a
10 35 40 &5 50 S5 69
Voo {Volts)

" Measured on DIP packages.

* Measured on OIP packages.
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.C1 6C5X Series”

GURE 180.4 - TYPICAL RC OSCILLATOR

§ FREQUENCY vs VDo*

E eo0

i

2 ]

£ 0 . "

= - Rw32%
— |
g 600

" 500 \K R fX —
~ ] 1

: T
‘o

3 00

'k

i \

i

T 300 |

i e
T

i R=100%
P &

L 30 35 40 45 50 55 60
P » Voo (Volis)

—

eeqe

{Measured on DIP packages

£
14
3
AIGURE 18.0.5 - TYPICAL Ipd vs Vbo
{ WATCHDOG DISABLED 25°C
i \
. :

ipd [uA)

05

1S .40 45 S0
Voo (Voits)

55 &0

TABLE 18.0.1 - RC OSCILLATOR

FREQUENCIES*

Cext Rext Average
Fosc @ 5V, 25°C
20pF 3.3k 4.973 Mhz +27%
5k 3.82 Mhz *21%
10k 2.22 Mhz 1 21%
100k 262.15 Khz £ 31%
100pF 3.3k 1.63 Mhz *13%
5k 1.19 Mhz £ 13%
10K 648.64 Khz t 18%
100k 71.56 Khz 1 25%
300pF | 3.3k 660.0 Khz -+ 10%
S5k 484.1 Khz +14%
10k 267.63 Khz +15%
100k 29.44 Khz * 18%

* Measured on OIP packages.

The percentage variation indicated here is part lo part
variation due to normal process distribution. The varia-
tion indicated is +3 standard deviation lrom average
value lor Voo = 5V.

o

FIGURE 18.0.6 - TYPICAL Ipd vs Voo
, WATCHDOG ENABLED 25°C

.
H
i

1pd (uA)

N

LI

6.0

35 40 45 $.5

Yoo (Volts)

5.0
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EFILTOUOA Deries: .

FIGURE 18.0.7 - MAXIMUM Ipd vs Voo FIGURE 18.0.8 - MAXIMUM Ipd vs VoD =17 ¢
WATCHODOG DISABLED ’ WATCHDOG ENABLED
100 ! T I - [ . » & I |
= : : Temp. {'C)
1
L
. e 50
85 [Temp.(Crwi2s |_1—T |
FEEEEEE
{7 —
w0 L85 — il Jﬁ";,./d'/_i 40
e t o~
L 70 %7,,__%_//
T [ ol= o b 3
oy ;’;"’/ = '/ — R ﬂ
1
& ol =T b . P
L o il i /_40 L,
I v L ; | ; {1 LA LA
R PP oo gl oot iy e W] 20 ;/7‘ pog v
o 1 : 3 - 4
S LT
! R | i - -%. e
i l l ’ ' L wéj’ ...Pl.r:
? A rolet o e
1~ E l !_' ] . T .
! { | -~ ; J ! {
0 phtad, 0
25 30 35 40 45 S0 55 60 65 7.0 25 30 35 40 45 50 55 go 65 7.0
Voo {Volts) Voo (Volis)

* PO, with walchdog timer enabled. has two components: The leakage current which increases with higher temperalurs znd tha
operating current of the waichdog tmer logic which inczeases wilh lower lemparature. Al-40°C, the latter dominales axplaining ihe
apparentty 2nomalous behavior,

!
.

FIGURE 18.0.8 - VTH (INPUT THRESHOLD VOLTAGE)' OF /O PINS vs V0O

N

s

VrH (Input threshold vo‘llage)'ol 170 pins
2.00 v

40 ¢l 13 o

1.80 Wa* S o~

1.60

1.40 -
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1.20 b

1.00 =

2.5 3.0 3.5 4.0 4.5 50 5.5 6.0
: Voo (valts) ’ :

\
HA!
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:1 1605X Series .
;
{GU E 18 0 10 ViH, ViL OF MCLR RTCC AND 0SC1 (IN RC MODE) vs Voo
’ 4.50 ‘ ‘ T
4.00 i.o\o%ﬁ'w e
A0
350 —;n\“\ i _/_Z
5 .
- 3.00 /\—\.M“?‘io‘ 2859
= o L
9 2.50 e L M
i 2.00 /47//—‘1" - -
> 150 %// = om0 C S BSCY L T
1.00 ; [ YR B
/,____———“r-—-"" W min (-10_'_C£_85_'9____’_____
0.50 >———-T-“"" _,,_l, l —]
P —
0.00 [M—— — N
2.5 3.0 Az 4.0 4.5 5.0 5.5 6.0
Voo (volls)

Note: These input pins have Schmitt Irigger input builer.

-2

IGURE 18.0.11 - VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP

MODES) vs VoD

3.40

3.20

3.00.

2.80

2.60

2.40
2.20

VTH (volls)

2.00

1.80

1.60

1.40 / /

1.00

120 == i

3.5

4.0 4.5
VoD {volts)

5.0

5.5 6.0
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PIC16C5X Series |

FIGURE 18.0.12 - TYPICAL loo vs FREQ {EXT CLOCK, 25°C)
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FIGURE 18.0.13 - MAXIMUM o0 vs FREQ (EXT CLOCK, -407 lo +85°C)

10 — ——————
ot R,
] [N RN
ENEL
1. .
T
? t
&
o
Q
i
[T
]
0.01 " . .
10K * 100K oM 10M 100M
External Clock Ireq (Hz)
. H
© 1993 Microchip-Technology. Inc. D530015J-page 41

2-41
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X Series

FIGURE 18.0,14 - MAXIMUM {oo vs FREQ (EXT CLOCK, -55" to +125°C)
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FIGURE 18.0.15 - WDT Timer Time-out Period

vs Voo

“,

FIGURE 18.0.16 - Transconductance {gm) of
HS Osclilator vs Voo
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FIGURE 18.0.17 - Transconduclance (gm) of
) LP Osclilator vs Voo

PIC16C5X Series

FIGURE 18.0.18 - Transconductance.(gm) of
XT Osclitator vs Voo *.2'+
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FIGURE "18.0.20 - 1oH vs VoH, Voo = 5V
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START:

PROCESSOR 16C55
RADIX HEX

TITLE "PICTEL.ASM"
LIST

ORG 0X00

MOVLW B "00001111"
TRIS 0X05

MOVLW B '"0000OGOO"
TRIS 0Xx06

MOVLW B "00001111™
TRIS 0X07

MOVLW B "00000100"
MOVWE 0X06

MOVLW B "000000COO"
MOVWF 0xX07

MOVLW B "060000100"
MOVWE 0X0A

MOVWE 0X0B

MOVWF 0x0c

MOVWE 0X0D

MOVWE 0X0E

MOVLW B "0000000O"
MOVWF 0X11

MOVWF 0X12

MOVWFE 0X13

MOVWEF 0X14

MOVWEF 0X15

BTESS 0X05,3

GOTO OFF

BTFSC 0X05,1

GOTO CONFY

GOTO CONFN

;LOAD W WITH
;COPY W INTO
;LOAD W WITH
;COPY W INTO
;LOAD W WITH
;COPY W INTO
;LOAD W WITH
;COPY W INTO
;LOAD W WITH
;COPY W INTI
;LOAD W WITH
;COPY W INTO
;COPY W INTO
:COPY W INTO
;COPY W INTO
;COPY W INTO
;LOAD W WITH
;COPY W INTO
;COPY W INTO
;COPY W INTO
;COPY W INTO
;COPY W INTO

;BIT TEST SKIP IF RAS3

OF (00001111)
TRIS A
00 (00000000)
TRIS B
OF (00001111)
TRIS C

04 (00000100)
TRIS B TO SET
00 (00000000)
TRIS C TO SET

04 (00000100)
0X0A
0X0B
0xo0cC
0X0D
0X0E

00 (00000000)
0X11
0X12
0X13
0X14
0X15

It
RN

;GOTO OFF POINT

;BIT TEST SKIP IF RA1

i
()

;GOTO CONFY POINT
;GOTO CONFN POINT

PORT

PORT



CONFN:

LOOP1:

LOOP2:

"MOVLW

MOVWF
BSF
BTFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWF
MOVF
MOVWF
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWE
DECF
BTFSS
GOTO
BCF

MOVLW
MOVWE
BSF
BTEFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWE
MOVF
MOVWF
BTFSS
CALL
BTEFSC
CALL
MOVF
MOVWE
DECF
BTFSS
GOTO
BCF

B "00000010"
0xX10
0X06,7
0x07,3
DETR
0X07,3
0X0a,0
0X03
0X07,0
BUT1
0X03,0
0X0Aa
0X11,0
0X03
0X05,2
HOLD
0X03,2
CPM
0X03,0
0x11
0X10,1
0X03,2
LOOP1
0X06,17

B "00000010"
0X10
0X06,6
0X07,3
DETR
0xX07,3
0X0B, 0
0X03
0X07,0
BUT2
0X03,0
0X0B
0X12,0
0x03
0X05,2
HOLD
0X03,2
CPM
0xX03,0
0X12
0X10,1
0X03,2
LOOP2
0X06,6

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB7

;BIT TEST SKIP IF RC3 = 0

; CALL. SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (O0XOA) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT1

; COPY STATUS REGISTER INTO W
;COPY W INTO (0XO0A)

;COPY (0X11) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1

; CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0

; CALL SUBROUTINE CPM

;COPY STATUS REGISTER INTO W
;COPY W INTO 0X11

; (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1

; GOTO LOOP1 POINT

;CLEAR BIT RB7

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RBb6

;BIT TEST SKIP IF RC3 = 0

; CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (0X0B) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT2

;COPY STATUS REGISTER INTO W
;COPY W INTO (0XOB)

;COPY (0X12) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1

; CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0

; CALL SUBROUTINE CPM

;COPY STATUS REGISTER INTO W
;COPY W INTO 0X12

; (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
:GOTO LOOP2 POINT

;CLEAR BIT RB7



LOOP3:

LOOP4:

MOVLW
MOVWF
BSF
BTEFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWE
MOVF
MOVWF
BTEFSS
CALL
BTFSC
CALL
MOVF
MOVWF
DECF
BTEFSS
GOTO
BCF

MOVLW
MOVWF
BSF
BTFSC
CALL
BCFEF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWF
MOVFE
MOVWFE
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWF
DECF
BTEFSS
GOTO
BCF

B "00000010"
0xX10
0X06,5
0X07,3
DETR
0X07,3
0x0C, 0
0X03
0X07,0
BUT3
0X03,0
0xoc
0X13,0
0X03
0X05,2
HOLD
0X03,2
CpPM
0X03,0
0X13
0X10,1
0X03,2
LOOP3
0X06,5

B "00000010"
0x10
0X06,4
0X07,3
DETR
0X07,3
0X0D, 0
0xX03
0X07,0
BUT4
0X03,0
0X0D
0X14,0
0X03
0X05, 2
HOLD
0X03,2
CPM
0X03,0
0x14
0X10,1
0X03,2
LOOP4
0X06,4

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB5

;BIT TEST SKIP IF RC3 = 0

; CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (0X0C) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0
;CALL SUBROUTINE BUT3

;COPY STATUS REGISTER INTO W
;COPY W INTO (0X0C)

© ;COPY (0X13) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1
;CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0
;CALL SUBROUTINE CPM

;COPY STATUS REGISTER INTO W
;COPY W INTO 0X13

; (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1

; GOTO LOOP3 POINT

;CLEAR BIT RB7

; LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB4

;BIT TEST SKIP IF RC3 = 0
;CALL SUBROUTINE DETR

;CLEAR BIT RC3

:COPY (0X0D) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT4

;COPY STATUS REGISTER INTO W
;COPY W INTO (0XOD)

:COPY (0X14) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1

; CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0

; CALL SUBROUTINE CPM

:COPY STATUS REGISTER INTO W
;COPY W INTO 0X14

: (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
:GOTO LOOP4 POINT

;CLEAR BIT RBY



LOOP5:

CONFY:

LOGP11:

MOVLW -

MOVWF
BSF
BTFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWF
MOVF
MOVWF
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWF
DECF
BTFSS
GOTO
BCF

MOVLW
MOVWFE
BSF
BTFSC
CALL
BCF
MOVF
MOVWEF
BTFSC
CALL
MOVF
MOVWF
MOVF
MOVWF
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWE
DECF
BTEFSS
GOTO
BCF

B "00000010"
0X10
0X06,3
0X07,3
DETR
0X07,3
0X0E, 0
0X03
0X07,0
BUTS
0X03,0
0X0E
0X15,0
0X03
0X05,2
HOLD
0X03,2
CPM
0X03,0
0X15
0X10,1
0X03,2
LOOP5
0X06,3

B "000O0OOCO10O"
0X10
0X06,7
0X07,3
DETR
0X07,3
0X0A,0
0X03
0x07,0
BUT11
0X03,0
0X0a
0X11,0
0X03
0X05, 2
HOLD
0X03,2
CPM

10X03,0

0X11

0X10,1
0X03,2
LOOP11
0X06,7

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB3

;BIT TEST SKIP IF RC3 = 0
;CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (0XOE) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0
;CALL SUBROUTINE BUTS5

;COPY STATUS REGISTER INTO W
;COPY W INTO (OXO0OE)

;COPY (0X15) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1
;CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0
;CALL SUBROUTINE CPM

; COPY STATUS REGISTER INTO W
;COPY W INTO 0X15

; (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
;GOTO LOOP5 POINT

;CLEAR BIT RB7

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB7

;BIT TEST SKIP IF RC3 = 0
;CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (0X0A) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT11

;COPY STATUS REGISTER INTO W
;COPY W INTO (OXOA)

;COPY (0X11) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1

; CALL SUBROUTINE HOLD

:BIT TEST SKIP IF Z = 0

; CALL SUBROUTINE CPM

; COPY STATUS REGISTER INTO W
;COPY W INTO 0X11

;(0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
;GOTO LOOP11 POINT

; CLEAR BIT RB7



LOOP22:

LOOP33:

MOVLW
MOVWF
BSF
BTFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWF
MOVF
MOVWF
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWF
DECF
BTFSS
GOTO
BCF

MOVLW
MOVWF
BSF
BTFSC
CALL
BCF
MOVE
MOVWF
BTFSC
CALL
MOVF
MOVWF
MOVFE
MOVWF
BTEFSS
CALL
BTFSC
CALL
MOVF
MOVWF
DECF
BTFSS
GOTO
BCF

B "00000010"
0xX10
0X06,6
0X07,3
DETR
0X07,3
0X0B, 0
0X03
0X07,0
BUT22
0X03,0
0X0B
0X12,0
0X03
0X05,2
HOLD
0X03,2
CPM
0X03,0
0X12
0X10,1
0X03,2
LOOP22
0X06,6

B "00000010"
0X10
0X06,5
0X07,3
DETR
0x07,3
0X0C, 0
0X03
0X07,0
BUT33
0X03,0
0xoc
0X13,0
0X03
0X05,2
HOLD
0X03,2
CPM
0X03,0
0X13
0X10,1
0X03,2
LOOP33
0x06,5

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB6

;BIT TEST SKIP IF RC3 = 0

; CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (0X0B) INTO W

;COPY W INTO STATUS REGISTER
:BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT22

;:COPY STATUS REGISTER INTO W
;COPY W INTO (0X0B)

;COPY (0X12) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1
;CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0

; CALL SUBROUTINE CPM

:COPY STATUS REGISTER INTO W
;COPY W INTO 0X12

; (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
:GOTO LOOP22 POINT

:CLEAR BIT RBY

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

:SET BIT RB5

;BIT TEST SKIP IF RC3 = 0

: CALL SUBROUTINE DETR

¢CLEAR BIT RC3

:COPY (0X0C) INTO W

;COPY W INTO STATUS REGISTER
;:BIT TEST SKIP IF RCO = 0
;CALL SUBROUTINE BUT33

:COPY STATUS REGISTER INTO W
;COPY W INTO (0X0C)

;COPY (0X13) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1

; CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0

; CALL SUBROUTINE CPM

;:COPY STATUS REGISTER INTO W
;COPY W INTO 0X13

:(0X10) - 1 INTO (0X10)

:BIT TEST SKIP IF Z = 1
;:GOTO LOOP33 POINT

;CLEAR BIT RBY



LOCP44:

LOOP55:

MOVLW
MOVWEF
BSF
BTFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWFE
MOVE
MOVWF
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWE
DECF
BTFSS
GOTO
BCF

MOVLW
MOVWE
BSF
BTEFSC
CALL
BCF
MOVF
MOVWF
BTFSC
CALL
MOVF
MOVWF
MOVE
MOVWE
BTFSS
CALL
BTFSC
CALL
MOVF
MOVWF
DECF
BTFSS
GOTO
BCF

B "00000010"
0X10
0X06,4
0X07,3
DETR
0X07,3
0X0D, 0
0X03
0X07,0
BUT44
0X03,0
0X0D
0X14,0
0X03
0X05,2
HOLD
0X03,2
CPM
0X03,0
0x14
0X10, 1
0X03, 2
LOOP44
0X06, 4

B "00000010"
0xX10
0X06,3
0xX07,3
DETR
0X07,3
0X0E, 0
0X03
0X07.,0
BUTS55
0X03,0
0X0E
0X15,0
0x03
0X05,2
HOLD
0X03,2
CPM
0xX03,0
0X15
0X10,1
0X03,2
LOOP55
0X06,3

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB4

;BIT TEST SKIP IF RC3 = 0
;CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY {(0X0D) INTO W

;CORPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT44

;COPY STATUS REGISTER INTO W
;COPY W INTO (0XOD)

;COPY (0X14) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RAZ = 1

; CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0
;CALL SUBROUTINE CPM

;COPY STATUS REGISTER INTO W
;COPY W INTO 0X14

;(0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
;GOTO LOOP44 POINT

;CLEAR BIT RB7

;LOAD W WITH 02 (00000010)
;COPY W INTO (0X10)

;SET BIT RB3

;BIT TEST SKIP IF RC3 = 0
;CALL SUBROUTINE DETR

;CLEAR BIT RC3

;COPY (OXOE) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RCO = 0

; CALL SUBROUTINE BUT55

;COPY STATUS REGISTER INTO W
;COPY W INTO (0XOE)

;COPY (0X15) INTO W

;COPY W INTO STATUS REGISTER
;BIT TEST SKIP IF RA2 = 1

; CALL SUBROUTINE HOLD

;BIT TEST SKIP IF Z = 0

: CALL SUBROUTINE CPM

;COPY STATUS REGISTER INTO W
;COPY W INTO 0X15

; (0X10) - 1 INTO (0X10)

;BIT TEST SKIP IF Z = 1
:GOTO LOOP55 POINT

;CLEAR BIT RB7



OFF:

DETR:

HOLD:

CPM:

SET:

BUT1:

ALLNO1:

ONNO1 :

REF11N:

MOVLW
MOVWF
GOTO

MOVLW
IORWF
NOP

NOP

MOVLW
ANDWF
RETLW

BTFSS
RETLW
BSF
BSF
BCF
BSF
BCF
BSFE
RETLW

BTFSS
GOTO
BCF
RETLW
BSF
RETLW

BTFSC
GOTO
BTEFSC
GOTO
BCF
BSFEF
RETLW
BCF
MOVLW
IORWF
MOVLW
GOTO
MOVLW
MOVWF
GOTO

B "00000100" ;LOAD W WITH 04 (00000100)

0X05 ;COPY W INTO TRIS A

START ;GOTO START POINT

B "00100000" ;LOAD W WITH 20 (00100000)
0X07,1 ;W OR TRIS C INTO TRIS C

; NO OPERATION
; NO OPERATION

B "11011111" ;LOAD W WITH DF (11011111)
0X07,1 :W & TRIS C INTO TRIS C

00 sRETURN MAIN PROGRAM
0X07,6 ;BIT TEST SKIP IF RC6 = 1
00 ;s RETURN MAIN PROGRAM
0%X06,0 ;SET BIT RBO

0X07,17 ;SET BIT RC7

0X07,6 ;CLEAR BIT RC6

0X07,5 :SET BIT RC5H

0X06,0 :CLEAR BIT RBO

0X03,2 :SET BIT Z

00 ;RETURN MAIN PROGRAM
0X07,5 sBIT TEST SKIP IF RC5 = 1
SET :GOTO SET POINT

0X07,5 ;CLEAR BIT RC5

00 :RETURN MAIN PROGRAM
0X017,5 ;SET BIT RC5

00 +RETURN MAIN PROGRAM
0x07,17 ;BIT TEST SKIP IF RC7 = 0
REF11N :GOTO REF11N POINT

0X03,2 :BIT TEST SKIP IF Z = 0
ONNO1 ;GOTO ONNO1 POINT

0X07,6 ;CLEAR BIT RC6

0X03,2 ;SET BIT Z

00 ;RETURN MAIN PROGRAM
0X07,6 ;CLEAR BIT RC6

B "01111000" ;LOAD W WITH 78 (01111000)
0X06, 1 ;W OR TRIS B INTO TRIS B
B "10000111" sLOAD W WITH 87 (10000111)
SUB :GOTO SUB POINT

B "00000000" ;LOAD W WITH 00 (00000000)
0X11 ;COPY W INTO (0X11)

ONNO1 ; GOTO ONNO1 POINT



BUT2:

ALLNO2:

ONNO2:

REF22N:

BUT3:

ALLNO3:

ONNO3:

REF33N:

BUT4:

ALLNO4:

ONNO4 :

REF44N:

BTFSC
GOTO
BTFSC
GOTO
BCF
BSF
RETLW
BCF
MOVLW
IORWF
MOVLW
GOTO
MOVLW
MOVWF
GOTO

BTFSC
GOTO
BTFSC
GOTO
BCF
BSF
RETLW
BCF
MOVLW
IORWF
MOVLW
GOTO
MOVLW
MOVWF
GOTO

BTFSC
GOTO
BTFSC
GOTO
BCF
BSF
RETLW
BCF
MOVLW
IORWF
MOVLW
GOTO
MOVLW
MOVWF
GOTO

0X07,17
REF22N
0X03,2

ONNO2

0X07,6
0X03,2

00

0X07,6

B "10111000"
0X06,1

B "01000111"
SUB

B "00000000"
0X22

ONNO2

0x07,17
REF33N
0X03,2

ONNO3

0X07,6
0X03,2

00

0X07,6

B "11011000"
0X06,1

B "00100111"™
SUB

B "00000000"
0X33

ONNO3

0X07,17
REF44N
0X03,2

ONNO4

0X07,6
0X03,2

00

0X07,6

B "11101000"
0xX06,1

B "00010111"
SUB

B "“00000000"
0X44

ONNO4

;BIT TEST SKIP IF RCT = 0

; GOTO

REF22N POINT

;BIT TEST SKIP IF Z = 0

; GOTO

ONNO2 POINT

;CLEAR BIT RC6

;SET BIT Z

;RETURN MAIN PROGRAM
;CLEAR BIT RC6

; LOAD
;W OR
; LOAD
;GOTO
; LOAD
; COPY
;GOTO

W WITH B8 (10111000)
TRIS B INTO TRIS B
W WITH 47 (01000111)
SUB POINT

W WITH 00 (00000000)
W INTO (0X22)

ONNO2 POINT

;BIT TEST SKIP IF RCT = O

;GOTO

REF33N POINT

;BIT TEST SKIP IF Z = 0

;GOTO

ONNO3 POINT

;s CLEAR BIT RC6

;SET BIT Z

;RETURN MAIN PROGRAM
;CLEAR BIT RC6H

; LOAD
;W OR
; LOAD
; GOTO
; LOAD
; COPY
s GOTO

W WITH D8 (11011000)
TRIS B INTO TRIS B
W WITH 27 (00100111)
SUB POINT

W WITH 00 (00000000)
W INTO (0X33)
ONNO3 POINT

;BIT TEST SKIP IF RCT = 0

; GOTO

REF44N POINT

;BIT TEST SKIP IF Z = 0

;GOTO

ONNO4 POINT

;CLEAR BIT RC6H

;SET BIT Z

;RETURN MAIN PROGRAM
; CLEAR BIT RCB

; LOAD
;W OR
;s LOAD
; GOTO
;s LOAD
; COPY
;GOTO

W WITH E8 (11101000)
TRIS B INTO TRIS B
W WITH 17 (00010111)
SUB POINT

W WITH 00 (00000000)

W INTO (0X44)
ONNO4 POINT



BUTS:

ALLNO5:

ONNO5 :

REF55N:

SUB:

BUF11:

REF11Y:

BUT22:

REF22Y:

BUT33:

REF33Y:

BTFSC
GOTO
BTFSC
GOTO
BCF
BSF
RETLW
BCF
MOVLW
IORWF
MOVLW
GOTO
MOVLW
MOVWF
GOTO

ANDWE
BSF
BCF
BCF
BCF
BCF
RETLW

BTFSC
GOTO
GOTO
MOVLW
MOVWF
GOTO

BTEFSC
GOTO
GOTO
MOVLW
MOVWFE
GOTO

BTFSC
GOTO
GOTO
MOVLW
MOVWF
GOTO

0X07,1
REF55N
0X03,2

ONNOb5

0X07,6
0X03,2

00

0X07,6

B "11110000"
0X06, 1

B "00001111"
SUB

B "0000000O0"
0X55

ONNO5

0X06, 1
0X07,6
0X06, 2
0X07,5
0X07,7
0X03,2
00

0X07,7
REF11Y

ALLY

B "00000C0OO0O"
0X11

ONY

0X07,17
REF22Y

ALLY

B "00000000"
0X22

ONY

0X07,17
REF33Y

ALLY

B "00000000"
0X33

ONY

;BIT TEST SKIP IF RC7 = 0
;GOTO REF55N POINT

;BIT TEST SKIP IF Z = 0

; GOTO ONNO5 POINT

; CLEAR BIT RCb6
;SET BIT Z

; RETURN MAIN PROGRAM

;CLEAR BIT RC6

;LORD W WITH FO (11110000)
;W OR TRIS B INTO TRIS B

; LOAD
; GOTO
; LOAD
; COPY
;GOTO

W WITH 1F
SUB POINT
W WITH 00 (00000000)
W INTO (0X55)

ONNO5 POINT

(00001111)

;W & TRIS B INTO TRIS B

;SET BIT RC6
;CLEAR BIT RB2
;CLEAR BIT RCbH
;CLEAR BIT RC7
;CLEAR BIT 2

; RETURN MAIN PROGRAM

;BIT TEST SKIP IF RCT7 = 0

; GOTO
;s GOTO
; LOAD
; COPY
; GOTO

REF11Y POINT

ALLY POINT

W WITH 00 (00000000)
(0X11)

ONY POINT

;BIT TEST SKIP IF RCT7 = 0

;GOTO
; GOTO
s LOAD
; COPY
s GOTO

REF22Y POINT

ALLY POINT

W WITH 00 (00000000)
W INTO (0X22)

ONY POINT

;BIT TEST SKIP IF RC7 = 0

;GOTO
;GOTO
; LOAD
; COPY
;GOTO

REF33Y POINT

ALLY POINT

W WITH 00 (00000000)
W INTO (0X33)

ONY POINT



BUT44:

REF44Y:

BUTS55:

REF55Y:

ALLY:

ONY:

BTFSC
GOTO
GOTO
MOVLW
MOVWF
GOTO

BTFSC
GOTO
GOTO
MOVLW
MOVWEF
GOTO

BTFSC
GOTO
BCF
BSF
RETLW
BSF
BCF
BCF
BCF
BCFE
RETLW

ORG

GOTO

END

0X07,1
REF44Y

ALLY

B "00000600O"
0X44

ONY

0X07,1
REF55Y

ALLY

B "00000000"
0X55

ONY

0X03,2
ONY
0X07,6
0X03,2
00
0X07,6
0X07,17
0x07,5
0X0b,2
0X03,2
00

1FF

1FF

;BIT TEST SKIP IF RC7 = 0
; GOTO REF44Y POINT

; GOTO
; LOAD
; COPY
; GOTO

ALLY POINT
W WITH 00

(00000000)

W INTO (0X441

ONY POINT

;BIT TEST SKIP IF RC7 = 0
REF55Y POINT

; GOTO
; GOTO
; LOAD
; COPY
; GOTO

ALLY POINT

W WITH 00 (00000000)
W INTO (0X55)
ONY POINT

;BIT TEST SKIP IF Z = 0

; GOTO

ONY POINT

;CLEAR BIT RC6
;SET BIT Z

; RETURN MAIN PROGRAM
;SET BIT RC6
;CLEAR BIT RCY
;CLEAR BIT RCbH
; CLEAR BIT RB2
;CLEAR BIT Z

; RETURN MAIN PROGRAM

:RESET ADDRESS

;GOTO START POINT
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