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ABSTRACT

This Automatic Dog Feeding Machine has been designed for the convenience in feeding dog in
househoid in casec nobody is at home for several days by making use of ordinary home telephone. The
circuit will operate upon the ringing times set in the program. It will convey signal to the control part to

releasc the food. If the telephone is answered, the machine will not operate.
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CLR ENAMOTOR
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TWssnsauiilhunsedifervnagqivdnlui@a

ORG
LJMP

RING_SIG
RING DE
HAVEDIAL
TIMES1
TIMES2
ENAMOTOR
MSWITCH
SENON
SENDET
HOOK
DIAL

ORG
CLR
MOV
MOV
CJNE
CJNE
MOV
CLR
RETI

NO10S1:

NO10S2:

START:

START1:

ONHOOK1_1:

0000H
START

BIT
BIT
EQU
EQU
EQU
BIT
BIT
BIT
BIT
BIT
BIT

000BH
TRO

THO, #00H
TLO, #00H

RO, #0,N01051
R1,#0,N01052

R4, #1
TRO

MOV
DEC
MOV
SETB
RETI

MOV
DEC
MOV
SETB
RETI

SETB
MOV
CLR
CLR
CLR
CLR
LCALL

MOV
MOV
MOV
MOV
MOV
CLR

LCALL

LJIMP

P2.0
Pl1.2
042H
040H
041H
P2.1
P2.2
P2.3
P2.4
P2.5
P2.6

A,RO
RO,A
TRO

A,R1
R1,A

TRO

P1.0

HAVEDIAL, #0

ENAMOTOR
SENON
DIAL
HOOK

DELAY_100MS

TIMES1, #0
TIMESZ, #0
R4, #0

RO, #0

R1, #0

TRO

; 1=0ON
; 1=0PEN
;1=0N
+1=FOCD

RING_DE, ONHOOK1 2

DELAY_10MS

RING_DE, ONHOOK1_2

OFFHOOK1

0=0FF
0=CLOSE
0=0FF
0=NO FOOD



ONHOOK1 2: JB RING_S5IG,ONHOOK1 1

LCALL DELAY_10MS
JB RING_SIG, ONHOOK1 1
INC TIMES1
RING1: JNB RING_SIG, RING1
LCALL DELAY_ 10MS
JNB RING_SIG,RING1
LJMP ONHOOK1_1
OFFHOOK1 : MOV A, #3
CJINE A, TIMES1, NOTEQU1
LJMP DETECT2
NOTEQU1: LJMP START
DETECT2: MOV THO, #00H
MOV TLO, #00H
MOV RO, #OFFH
MOV R1, #150
MOV IE, #10000010B
MOV TMOD, 00000001B
CLR P1.0
LCALL DELAY 18
SETB P1.0
SETB TRO
ONHOOK2_1: JB RING_DE, ONHOOK2 2
LCALL DELAY_ 10MS
JB RING_DE, ONHOOK2 2
MOV A, #1
CJINE A, HAVEDIAL, NODIAL
LJMP OFFHOOK2
NODIAL: LJMP ONHOOK2_1
ONHOOK2_2: JB RING_SIG, ONHOOK2_1
LCALL DELAY_10MS
JB RING_SIG,ONHOOK2 1
INC TIMES2
MOV HAVEDIAL, #1
CLR TRO
RING2: JNB RING_SIG, RING2
LCALL DELAY 10MS
JNB RING_SIG, RING2
LJMP ONHOOK2_1
OFFHOOK2 : CJINE R4, #1, FLOW
LJMP START
FLOW: MOV A, #3
CJINE A, TIMES2, NOTEQU2

LJMP DRIVEMOTOR




NOTEQU2 :

DRIVEMOTOR:

LOOP:

LOOP1:

DELAY 1054:
DELAY 10S1:
DELAY 10S2:
DELAY 10S3:

LOOP2:

DELAY 60S:

DELAY 6054:
DELAY 60S1:
DELAY 6052:
DELAY 60S3:

DIALZT:

LJMP

SETB

JB
LCALL
JB

LCALL
LCALL
CLR

SETB
LCALL
LCALL
MOV
MOV
MOV
MOV

DJNZ
DINZ
DJNZ
DJINZ

LJMP

LCALL

CLR
LCALL
SETB

SETB
LCALL
SETB
LCALL
CLR
LCALL
LCALL
CLR

MOV
MOV
MOV
MoV
JB
DJINZ
DJNZ
DJNZ
DJINZ

CLR

START

ENAMOTOR

MSWITCH, LOOP
DELAY_10MS
MSWITCH, LOOP

DELAY 1S
DELAY_1S
ENAMOTOR

SENON

DELAY 1S
DELAY 1S

R4, #1

R5, #100

R7, #100

R6, #OE6H
SENDET, LOOP2
R6,DELAY 10S3
R7,DELAY 10S2
RS, DELAY 1081
R4, DELAY 1054

DIALZT

DELAY_ 10MS
SENDET, LOOP1

P1.0
DELAY_3S
P1.0

HOOK
DELAY 35
DIAL
DELAY 3S
DIAL
DELAY_5S
DELAY_15
HOOK

R4, #1

R5,#100
R7, #100
R6, #OEGH

SENDET,DELAY_ 603

R6, DELAY 6083
R7, DELAY 6052
RS, DELAY 6051
R4, DELAY 60S4

SENON



DELAY 10MS:
DELAY 10MS1:
DELAY 10MS2:

DELAY 100MS:
DELAY 100MS1:
DELAY_100MS2:

DELAY 15:
DELAY 1S1:
DELAY_152:
DELAY 153:

DELAY_35:
DELAY 351:
DELAY 3S2:
DELAY 353:

SETB
LCALL
SETB
LCALL
CLR
LCALL
LCALL
CLR

LCALL
LCALL

SETB
LCALL
SETB
LCALL
CLR
LCALL
LCALL
CLR

CLR
LCALL

LJMP

MOV
MOV
NOP
NOP
DJNZ
DJNZ
RET

MOV
Mov
NOP
NOP
DJNZ
DJINZ

MOV
MOV
MOV
NOP
NOP
DJINZ
DJNZ
DJINZ
RET

MoV
MOV
MoV
NOP
NOP
DJNZ
DJINZ
DJINZ
RET

—— ————— s ni = =

HOOK
DELAY_3S
DIAL
DELAY_3S
DIAL
DELAY_SS
DELAY 1S
HOOK

DELAY 1S
DELAY 15

HOOK
DELAY 35
DIAL
DELAY 3S
DIAL
DELAY_SS
DELAY_ 15
HOOK

P1.0
DELAY 58

START

R7,#10
R6, #OE6H

R6, DELAY 10MS2
R7,DELAY 10MS1

R7,4100
R6, #0EGH

R6,DELAY_100MS2
R7,DELAY _100MS1

R5, #10
R7, #100
R6, #OEGH

R6, DELAY

1s3

R7,DELAY 152
RS, DELAY_1S1

R5, #30
R7, #100
RG, #OEGH

R6, DELAY 353
R7,DELAY 352
RS, DELAY 351

;: FIRST TIME

+SECOND TIME



DELAY 4S5: MOV R5, #40

DELAY 4S51: MOV R7, #100
DELAY 452: Mov RE, #0E6H
DELAY 4S3: NOP
NOP
DJINZ R6, DELAY 453
DJINZ R7,DELAY_452
DJINZ RS, DELAY 4S1
RET
DELAY 5S: MOV RS, #50
DELAY 551: MoV R7,#100
DELAY_552: MOV RE, #0E6H
DELAY 553: NOP
NOP
DJNZ R6, DELAY_ 553
DJINZ R7,DELAY 552
DJINZ R5, DELAY_ 551

RET
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DM74LS123

General Description

The DMT4LS123 Is B dusl retriggerable monostable mutt-
vibrator capable of generating outpul pulses from a tew
nano-seconds o extremaly long duation up to 100% duty
cyde. Each device hes three inputs permitting the choice of
elthver teading edge or taling £dge iHggering. Pin (A) is an
sctive-LOW transition Ligger input and pin (B} is an active-
HIGH transition trigger inpuL The dear (CLR) inpul lemi-
nales he oulpul pulse et e predetermined tme indepen-
dent of the liming components. The daar Input also serves
as a trigger inpul when it is pulsad with & low level puise
transilion (). To oblein the best trouble free operation
from this device please read the operating rules gs well as
the Fairchild Samiconductor one-shot application notes
carefully end cbeerve recommendetons,

Dual Retriggerable One-Shot
with Clear and Complementary Outputs

August 1886
Revised April 2000

Features

B D triggered from active-HIGH transition or active-LOW
transdtion nputs

B Retriggembie to 100% duty cycle

B Compensated for Ve and temperalure variations

& Triggerable from CLEAR input

B DTL. TTL compatible

# Input tlamp diodes

Ordering Code:

Order Numbaer | Package Number Pechkage Description
DM74LS123M M16A t6-Leed Small Qutiine Intagratad Clroult {SOIC), JEDEC MS-012, 0,150 Namow
DM74LS1238) M16D 16-Lead Smali Qutline Package (SOP), EIAJ TYPE i, 5.3mm Wide
DM74LS123N N16E 16-Laad Plastic Duakin-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram
REXT/

Cexr  Cgxy -
1 1 ot & CcLRZ B2 Az
]

veo
Jw |15 lu 13 |1a n |10

NP

ot

T
CLA o
1 2 ) 4 |s [e [1 Ia
a1 Bl CLR &1 01 Cpxy Rext/ GMD
1 2 Cexr

Devices aiso svailsbie n Tape and Reel, Spatify by appending te suffr iettar =X 10 the oroaring code.

Function Table

Inputs Outputs
CLEAR A B Q a

L X X L H
x H x L H
x x L L H
H L T o -
H 1 H L. ar
T L H R ar

H = FiGH Logc Laww?

L = LOW Logee Lasesd

X = Can Be Etter LOW or HGH

T = Posiths Going Trtmilion

1 = Napative Going Tramaltion

11 = A Fosltive Puiss

T = A Nt ke

© 2000 Farchid Semiconmductor Comoration DS0DEIBG

werw {girchildsemi.com

sindyng Aizjuswodwon pue Jee|d Yiim Joys-au(Q ojqelsbBiiey jeng £Z1SWLNA




DM74LS123

Functional Description

The basic output putse witth is determined by satecion of
an external resistor (Ry) and capaclhor (Cx). Cnce tng-
gerad, the basic pulse width may be extended by retrigger—
ing the gated aclve-lOW tensition or aclve-HIGH
transhion inputs or be reduced by use of the activeLOW or

Operating Rules

1. An exiernal resistor {Ry) and an exiernal capacilor {Cy)
are required for proper operation. The value of Cy, may
vary fromn 0 |0 any necessary value. For smali tme con-
stents high-grade mica, glass, polypropylene, potycar-
bonate, or polystyrene material capediors may be
used. For [arge time constants use lantalum or special
aluminum capadtors. i1 the liming capaciors have
lagkages appraaching 100 nA or | strey capaciance
from efther terminal to ground I8 greater than 50 pF the
timing equations may not represent the pulse width Lhe
dovice generales,

2. When en electrolytic capadiior s used for Gy 8 switch-
ing diode is aften required for standard TTL one-shots
to prevent high imverse leakage cwment. This switching
diode is mot needed for the DM74L5123 one-shol and
should pot be used. In general the use of the swilching
diode is not recommanded with retriggerable operation,
Furlhermore, If a polarized iming capatitor is used on
ihe DM74LS123 the negalive terminal of the capacilor
should be connected 1o the “Cgxr” pin of the device

(Figure 1).
Ve
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FIGURE 1.
3. For Gy >» 1000 pF the oulpul pulse widih {\y) is
defined as follows:
w = KRy Cx
where Ry is in K0
[Cx is in pF]
iy ts. in ns]
K=0.37

4. The multipficative factor K Is plotiad es @ function of Gy
befow for design consideratons:

CLEAR inptr. Retriggering 1o 100% duty cycke is possible
by application ol &n input pulse trein whose cycle lime is
shorter than the outpul cycle lime such thal a continuous
“HIGH" Iogic stale is mainiained gl the "Q™ oulput.

e T T
194 Veom5.8v |
IR RRy 4

L1
10 e ,
1

WA \\ I -+
W | \$ } T !
169 =

D2 A4 6 .8 1812 LS
X COEFRICTENT
FIGURE 2

5. For Gy < 1000 pF see Figure 3 for Ly vs. Cx femity
curves with Ry as a parameter.
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FIGURE 3,

6. To obtain variable pubse widths by remote trimming. the
following circult is recommended:

™ R
7o t!!}-I-W—-w h-—L
i
"n -
15) 08 {14} ! v

FIGURE 4.
"Regnara” So0id b &3 Slogs i Lha device pin e (onslbie_
7. The retriggerable pulse width is calculated as shown
below:

T =ty + oy =K x Ry x Cx + to
The retriggered putse width is equal 1o the pulse width
plus a delay time period (Figure 5).

w1 1

g | -
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Operating Rules (continued)

8. Ouipu! pulse width variaton versus Ve and tempere- 5. Under any aperating condilion Cx and Ry must be kept

tres: Figure 6 depicis the relationship between pulse
width variation versus Vee, end Figure 7 depicts pulse
width variation versus temperatures.

]

[
Cor = 1000 pF
s | Ta=25'C

% CHANGE
-

=5

ol

L] L R] L} 85 L]

Ve (V)
FIGURE &.

T T
M= 100
Gexr= 1000 pF
5 | Yoe=bb¥

W % CHARGE

___,./', ™~

=10
-~ 0 W & WM 1N
ARSENT TEMPERATURE {*T]
FIGURE 7.

10.

"

as dose i the one-shot device pins as poasible o min-
mize stray capacitance, 1o reduce nofse pich-up, and
o reduce FR and Ldi/dl voltege developed along their
connecing paths. H the lead length from Cx o pins (6}
ang (7) or pine (14) and (15) is grealer than 3 em, for
example, the output putse width minhd be quite different
from values predicted from the eppropriaie equations.
A non-induciive and fow capacitive path is necessary 1o
ensure complete discherge of Cy in each cyde of its
operation 50 that the outpul padse width wilf be accu-
rate.

The Geyr tins of this devioe ame intemally cotthected o
the inlermal ground. For optimum system performance
they shoulkd be hard wired 0 the system's mrelum
ground ptane,

. Voo and ground wiring should contorm to good high-

frequency slandards end practices so that swilching
transiens on the Voo and ground retum leads do not
cause interaction between one-shols. A 0.01 pF 1o 0.10
uF bypass capacitor {disk ceramic or monciithic type)
from Ve o ground is necessary on each device. Fur-
thermore, the bypass capacilor shoukt be tocaled as
dose o the Voe—pin as space permits.

Moin: For further detailed device ¢h tstics and cutpul par

formanoe please refuer fo Lha Falrchild Semiconductor ome-shol
application noty ANITL

www. fairchildsemi.com
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DM74L5123

Absolute Maximum Ratingswote 1)

Recommended Operating Conditions

Hode 1: The "Absciute Maxinum Ratings™ sre those waluss biyord which
the sefety Of the device cannct te puersnssd. The device whould s be
mndliﬂulml.l Tha peramatric waigs delrad i Dw Elsctricsl

il & the

T fetings

mwmﬂmcﬁﬂm table will dene e conditions

Supply Voltage ™

Input Voltage v . are i
Operating Free Air Temperature Renge 0°C o +70°C

Storege Temperalure —65°Cto+150eg 0 o device cpemmtion.

Symbol

Parameter Min Nom l Max !_ Unhts
Veo Supply Voltage 475 5 5.25 v
Vin HIGH Level input Vollage 2 v
Vi LOW Leve! input Voltage 08 v
lon HIGH Level Output Current 0.4 ma
loL LOW Level Output Current 8 mA
by Pulse Width A or B HIGH 40
{Note 2) Aor B LOW A0 ns
Clear LOW 40
Rexr Extarnal Timing Resistor 5 260 [1%)
Cext External Timing Capadiance No Restriction uF
Cwire Wiring Capacitance 8t Rexy/Cexy Terminal 50 pF
Ta Free Air Operating Temperaire [} 70 °C

Wote 2: 1, = 25°C and Vgg = 5V.

Electrical Characteristics

over recommended operating fnee sir iemperature range {uniess pthwrwiss noted)

Symbot Paramater Condions Min (':::33 May Unfta
v, Inpi Glamp VoRage Vg = M. |, = —18 mA 13 v
Vort HIGH Lovel Vg = N, Iy = W% 27 a4 v

CQutpul Voitege V) ¥ Max, Vi = Min
VoL LOW Lever Voo = Min, g, = Max 0.35 s

Qutput vonege Vi o MRX, Vi = MIN v

ioL = 4 MA, Ve = WD [ 04

Y Input Current @ Max Inpin Voitage Vo = Max, Ve TV €1 mA
[ HIGH Leves InplR Cumrent Voo =Mm, V= 27V 20 pA
[ LOW Level Input Gurrent Vec = Max, V= 0.4V o4 mA
log Short Circuit Outpun Curment Voo = Max (Now 4} -20 =100 mA
s Supply Current Ver = Max {Nole SNtz 8XNote 7} 12 20 ™A

Note 3; Al typects are ot Yo = 5V. T, = 25°C.

HNots 4; Not more tan one ouipol should be sharted at @ ume, and the doretion shouid Nt soceses? O BEcond.
Hole 5: Quiasend o & nestured (et Saring) with 2.4 appiet 10 6 tieds wnd A s, B nputs grounded, all oulpauts OPEN, Coxy = 0.02 wF.

and Rgyr = 25 kL

Nete 6: Iz i3 messured in the triggened saie with 2.4V applied 1 8l clear and § npuls, A inpure grounded, il outpas OPEN, Ceyy = 0.02 4F,

80 Rexr = 25 kL

KNote 7: With al cutpus OPEN and 4.5Y appbed 1o sl datp and clesr inpuis, le; 8 massumd alter 8 MOty pround, e 4.5V & sppled to D cock,

www.fairchiidserni.com




Switching Characteristics
Btvcc=5\f andTA- =C

R, =2 k0
. From (Wpat) Cy = 15pF Cy = 15pF
S]'rlbnl aramaters Unts
To (Cutpart) Cgxr =0 pF. Reyy = Skil | Cpey = 1000 pF. Rexy = 10 k2
Min WMax Min ax

LT Propagation Delay Tima A®BQ 2 e
LOW-to-HIGH Leve! Output

! Propagabon Delay Time

PH oy Bwo 7 ns
LOW-10-HIGH Levei Ouput
Propagation Detay Time —

s AtoD 45 s
HIGH-10-LOW Lavel Output
Propagation Detay Time -

bt Detny Bl 56 s
HIGH-to-LOW Level Quiput
Propagst T -

bty fon Deley Trne Crearo 5 4= s
LOW-to-HIGH Lewel Cutput
P, ‘ Time

o, repagetion Deixy Claer o © z f
HIGH40-LOW Level Qutpid

} Mnimusm Widih of Pul

Wa) iih of Pulee AcrBIoQ 200 ns
a Outpir Q

o) Output Pulse Width AcrBto O Il 5 s

5 wew. fafrchlldsermni.com
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DM74L5123

Physical Dimensions inches (miimeters) uniess atherwise noted

3008 - 0.2
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16-Land Small Outline Imtegrated Clrcult (SOIC), JEDEC MS-012, 0.150 Narrow
Package Numbar M16A
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Physical Dimensions inches (milimetars) uniess otherwise noted {Continved)
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ALL LEADTIPS SEE DETAIL A
2AMAN. AE — 1 Ba.1 =
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127 TYPR L— 0.35.0.54 o

i®jo1r@icA
DIMENSIDNS ARE IN WMILLIWETERS
GAGE PLANE

NCTES: =3
A. GONFORMS TO BIAJ EDR-7320 REGISTRATION, rETYR

ESTABLISHED IH DECEMBER, 1908, -
B DIMENSIONS ARE |4 MILLIMETERS.
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD l

FLAGH, AHO TE BAR EXTRUSIDNS. 0BLD 15

<25 _‘J SEATING PLANE

M1B8DRevB DETAIL A

16-Lead Small Outline Package (SOP), EIAJ TYPE 1l, 5.3mm Wide
Package Number M16D

7 www_fairchildsemi.com
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DM74L.8123 Dual Retriggerable One-Shot with Clear and Complementary Outputs

Physicatl Dimensions inches (milimaters) unless otherwise noted (Continued)

- 0.740 = 0780

(18.80-19.81) ~f |

0.068
0.130. 0.005
0080 © TP 0300 - 0,320 451
s T e M e - T R A ormona -‘I o !
{.145 - 0200 I 3 ]
{3883 5.0m0) § !
950450 0.000 - 0118
o030 | sos'ee Tvp - e
(D—-SD—B) MiN - "" D28 D215 = 0.408
0.125- 0150 - L0005 7.2
B.175-3310) A+ YT 1)) MR
0.514=0.023 (100 0,010 +0.040
{0356 -~ 0.584) 0.05020.010 {z5a020234) (0385015 e (v )
L {\17%0.&5 e (a.zss‘_{.-féﬁ)

46-Lead Plastic Duakn-Line Packags (PDIP), JEDEC MS-001, D300 Wids
Packege Humber N15E

Feirchild does not @ssume any responsibility for use of any circuitry described, no circult patent icenses ave implied and
Fairchild reserves the righl et any time withoul nolice 1o change said circuitry and specdifications,

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATICN. As used herein:

1. Lite supporl devicas or systems are devices or systams
which, {a) are intended for surgical implant into the
body, or {b) support or sustain life, and (c} whose fallure
io perform when propery used in accordance with
mstructions for use provided in the labeling, can be rea-
sonably expected 10 result in a sipnificant njury lo the
user.

2. A oriical compoanent in sny componemnt of & ke suppont
device ot system whose fallure to perform can be rea-
sonsbly expected to cause the fallure of the life support
devick or aystem, or to effect its safety or effectiveness,

www.falrchildsaml.com
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Features

Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammabie Flash Memary
-~ Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Mz to 24 MHz
Three-level Program Memory Lock
128 x B-bit imternal RAM
32 Programmable I/O Lines
Two 16-bit Timer/Counters
Six Interrupt Sources
Programmabie Serial Channel
Low-power Idle and Power-down Modes

Description

The ATB9C51 is a low-power, high-performance CMOS B-bit microccomputer with 4K
bytes of Fiash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash ailows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Fiash
on a menolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications,

Q)

8-bit
Microcontroller
with 4K Bytes
Flash

: ; PDIP
Pin Configurations -
.00 0 pvee
Mi02 2 3 P00 (ADD)
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Block Diagram
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. AT89051

The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. in addition, the AT89C51 is designed with static iogic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directiona! I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may aiso be configured to be the muitiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Pori 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required dunng program
verification. ‘ '

Port 1

Port 1 is an 8-bit bi-directional /O port with internaf puliups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internat pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low wili source
current (i, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Fiash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional /O port with interna! puliups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are extemally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to exiernal data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intermal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low will source
current (1, )} because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 70 (timer O external input)

P3.5 T1 (timer 1 externat input)

P36 WR (external data memory write strobe)
P37 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to extemnal memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location B8EH. With the bit set, ALE is active onily dur-
ing &8 MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory,

When the ATB9CS51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memoery locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V. for internal program
executions.
This pin aiso receives the 12-volt programming enable voit-
age (Vpp) during Flash programming, for parts that require
12-voit VPP‘

XTAL1

input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left

unconnected whiie XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idie mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle is terminated by
resel, the instruction following the one that invokes idie
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
|——-I— XTAL2
)
—
Ci
XTAL1
GND
Note: C1,C2 =30pF £10 pF for Crystals

= 40 pF =10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN ' PORT0 PORT1 PORT2 . PORT3
Idie Intemal 1 1 Data Data Data Data
Idie External i 1 Float Data Address Data
Power-down Internal Data Data Data Data
Power-down External 0 o Float Data Data Data

4 AT89C51 m———————————
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Figure 2. Extemnal Clock Drive Configuration

NC ————— ! XTAL2

EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

N

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vi
is restored to its normal operating level and must be held
aclive long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that vaiue until reset is activated. 4 is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LBA1 LB2 LB3 Protection Type

v U U i No program lock features

P U U MOVC instructions executed from external program memory are disabled from
fetching code bytes from imernal memory, EA is sampled and latched on reset,
and further programming of the Fiash is disabled

P P u Same as mode 2, also verify is disabled

P P P Same as mode 3, also external execution is disabled

AIMEL s
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Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state {that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
{Vcc) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
ATBOC51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers,

The ATB9C51 is shipped with either the high-voltage or
low-voitage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp= 5V
Top-side Mark ATB9CS1 ATBICS51
) OO Xxxx-5
Yyww Yyww
Signature {030H) = 1EH : {030H) = 1EH
(031H) = 51H {03tH) = 51H
{032H) =F FH (032H) = 054

The ATE9CS51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Before programming the
AT89C51, the address, data and contro! signats should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the ATB9CS51, take the
following steps.
1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines,

3. Activate the correct combination of contro! signals.

4. Raise EANpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash amray or the lock bits. The byte-write cyde is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array or until the end of the
object fiie is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are vaiid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycie has been initiated.

Ready/Busy: The progress of byte programming can aiso
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the addrass and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their faatures are enabled.

Chip Erase: The entire Fiash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic iow. The values retumed are
as follows,

(030H} = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H} = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of contro! signals, The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontrolier series, Please contact your local
programming vendor for the appropriate software revision.

6 AT89C51 messs———————————
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Flash Programming Modes

AT89C51

Mode RST PSEN ALE/PROG EAV,, | P26 | P2.7 | P3.6 | P37
Wirite Code Data H L Hi12V L H H H
~_
Read Code Data H L H H L L H H
Write Lock Bit-1 H Hi12V H H H
~
Bit- 2 H L H/12v H H L L
~
Bit- 3 H L HM2V H L H L
NS
Chip Erase H L ) HH12V H L L L
N
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5Y
AT89C51 Q AT89CS51
ADDR. 20 ATl oy Vee |-— ADDR, 20 A7l by Ver
OOOOH/OFFFH PGM OOOOH/MOFFFH PGM DATA
P20 - P23 PO —— .o P20 - P23 PO \—» (USE 10K
A8 - Al1 AB - A1t PULLUPS)
——— P2 r———b P2.6
SEE FLASH ——p| P2.7 ALE {e—— PROG SEE FLASH —» P27 ALE |a
PROGRAMMING PROGRAMMING
MODES TABLE | —*| P3.6 MODES TABLE | ——# P3.6 I
I.w--_- P37 L——w| P37 "
—&——————{ XTAL2 EA j¢—— V, Vo —e————— XTAL2 EA |«
3-24 MHz | 3-24 MHz
L] L
T
XTAL1 RST je-—— V,, XTAL1 RST f&—— V,,
GND PSEN GND PSEN
L L

AIMEL
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P1D . P17 | PROGRAMMING : | VERIFICATION
£20 - P23 § ADDRESS )_“Hi ADDRESS

oo — tavav

PORT 0 q DATA IN : 1 {_DATA OUT l——n—-—
" tover  tanox : |
taveL " ghax i
ALE/PROG . K |
tshoL (>, tGLGH__._"—_"Jf lowsL
———, I
_ A e i LOGIC 4
S S S < T Y A
| :
| |
— t— { i i ! lge— 1§
P2.7 ! = L tmav—w e EHaz
(ENABLE) i S
e —™ !
P34 . |
(RDY/BSY) . BUSY ) READY

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

) PROGRAMMING VERIFICATION
P1.0 - P17 } , )
P2.0 - P23 ADDRESS ]Iw—-*-——‘I — ADDRESS
— o Loy
PORT 0 i DATA IN 4 DATA OUT
—* tovgL  lonox
tavel . > louax .
ALE/PROG . :'— |
oo T et |
— LOGIC 1|
EANp AT . __wecco|
| !
—> -t — t
EHSH te oy — *— lenaz
P2.7 ; _ )
(ENABLE) -, ‘ ’
tore —
P34 ‘ i
{ROY/BSY) RS BUSY 1 READY
R el O i
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Flash Programming and Verification Characteristics
T, = 0°C to 70°C, Ve = 5.0 £ 10%

Symbol Parameter Min Max Units
Vet Programming Enable Voltage 115 12.5 \'
lppt™® Programming Enable Current 1.0 mA
Mool Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48tc, o

tamax Address Hold zfter PROG 48t o

tovaL Data Setup to PROG Low 48t o

teHox Data Hold after PROG 48t oL

tensh P2.7 (ENABLE) High to Vpr 48te ot

torgL Vep Setup to PROG Low 10 ps
tons™ Vpe Hold after PROG 10 S
toLan PROG Width 1 110 us
Loy Address to Data Valid 48t L

teav ENABLE Low to Data Valid 48t o

tenaz Data Float after ENABLE 0 48lci g

P PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-voit programming mode.

AMEL




Absolute Maximum Ratings*

AMEL

Operating Temperature...............coouee........... ~55°C to +125°C "NOTICE:
Storage Temperature..................cccccenue.......... “85°C to +150°C

Voltage on Any Pin

with Respect to Ground...........cceccvvnrinneeer.= 1.0V to +7.0V

Maximum Operating Voltage ...........c.cccoeevereeccreeceennn.. 6.6V

DC Output CUMMENL. ... rea e 15.0 mA

DC Characteristics

T, =-40°C to 85°C, V¢ = 5.0V £20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functionse! operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Expesure to absolute maximum rating
conditions for extended periods may affect device
refiability.

Symbol Parameter Condition Min Max Units
v, Input Low-voliage {Except EA) 05 0.2 V- 0.1 v
Vi tnput Low-voltage (EA) -0.5 0.2 V- 0.3 v
Viu Input High-voltege {Except XTAL1, RST) 0.2ve.+09 Vee + 0.5 v
Viui Input High-voltege (XTAL1, RST) 0.7 Vo Veoe+ 0.5 v
Voo Output Low-voltage™ (Ports 1,2,3) loL = 1.6 mA 0.45 v
low = =60 pA. Ve = 5V £10% 24 v
Vo ?P‘;ﬁ:t{'g': :TEF;E’E'H) lon = -25 pA 0.75 Ve v
lop =-10 pA 0.9 Ve A
lon = -BO0 PA, Vee = 5V £10% 2.4 v
Vom (ol:)ﬁlg :'gExh.t:Tntzlg;us Mode) low = -300 pA 0.75 Vec v
Iow = -80 pA 0.9 Ve v
by Logical D input Current (Ports 1,2,3} Viy =045V -50 pA
b '(-F?sr';a; 2;)0 Transition Gurrent Vi = 2V, VCC = 5V £ 10% -650 pA
Iy Input Leakage Current {Port 0, EA) 0.45 < Vi < Vee #0 pA
RRST Reset Pull-down Resistor 50 300 KO
Cio Pin Capaditance Test Freq. = 1 MMz, T, =25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current Idle Mode, 12 MHz 5 mA
ICC
Power-down Mode® Yo7 BY 199 PA
Voo = 3V 40 WA
Notes: 1. Under steady state (nen-transient) conditions, |, must be extemally limited as follows.

Maximum i, per port pin: 10 mA

Maximum |, per 8-bit port: Port 0: 26 mA

Poris 1,2, 3: 15 mA

Maximum total |y, for all output pins: 71 mA
If |y exceeds the test condition, Ve, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V. for Power-down is 2V.

10 AT89C51 e
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AC Characteristics

Under operating conditions, ioad capacitance for Port 0, ALE/PROG, and PSEN = 100 pF: lpad capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Osclliator 16 to 24 MMz Oscillator
Symbol Parameter Min { Max Min } Max Units
e Oscillator Frequency i 0 24 MHz
time ALE Pulse Width 127 2t o 40 ns
tave Address Valid to ALE Low 43 toie 13 ns
toax Address Hold after ALE Low 48 terc =20 ns
tw ALE Low to Valid Instruction in 233 4t o 65 ns
i ALE Low to PSEN Low 43 tore-13 ns
togem PSEN Pulse Width 205 320 ns
toy PSEN Low to Vaiid instruction In 145 3oy o145 ns
toxix Input Instruction Hold after PSEN 0 0 ns
towr input Instruction Float after PSEN 59 toc-10 ns
toxay PSEN to Address Valid 75 toc-8 ns
Ly Address to Valid Instruction In 312 Steie -55 ns
toaz PSEN Low to Address Float 10 10 ns
trern RD Pulse Width 400 Btey o -100 ns
bt WR Pulse Width 400 Bley o -100 ns
tes o RD Low to Valid Data In 252 Steye-90 ns
trmDx Data Hold after RD 0 0 ns
A~ Data Float after RD 97 2ty -28 ns
tow ALE Low to Valid Data In 517 Bty -150 ns
tavov Address to Valid Data in 585 Bter 169 ns
tuwe ALE Low to RD or WR Low 200 300 3ty 50 e o +50 ns
tavwt Address to RD or WR Low 203 4ty o -75 ns
o Data Valid to WR Transition 23 fe 20 ns
Lovwh Data Valid to WR High 433 Tto =120 ns
| Data Hold after WR 33 terc 20 ns
triaz RD Low to Address Float 0 0 ns
tomn | RD or WR High to ALE High . 43 123 te20 by #25 ns

AIMEL "
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External Program Memory Read Cycle

tLHLL —‘***:'
ALE A R

: + oy ey
Ly : *
o — lup ; ‘
PSEN s ' Nl VD
f t “’l _—
— “_‘PLAZ 'I“_ PXAY
t boxiz e—s!
LLAX ' |
toxix—+  f— P
T ! I " —
PORT O 1 AD - AT * INSTRIN > e’ AD - A7 —
taviv -
PORT 2 ! AB - A15 X AB-AI5

External Data Memory Read Cycle

b
ALE N /IZ_—\_—_/
—* twHLH

PSEN tL o ' S~

|
a tRLRH —

— Yw ——

N L
tauoy | trHpz

[ tAVLL"'-*

triaz t
—_— RHDX
PORT 0 _ >(AD - A7 FROM Rl OR DPLX J ¢ DATA IN T~ AD - A7 FROM PCLO— INSTR IN

I J— t.o‘\\ﬁn‘\n’L

tAVD’\-’
PORT 2 X P2.0 - P27 OR A8 - A15 FROM DPH > A8 - A15 FROM PCH
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External Data Memory Write Cycle

AT89C51

tr—e
ALE ,t AN /
! twiiLk
PSEN i ™ /
o twm ———— twn.v\n-c —
WR t N ¢
M LLAX
le— Ly —» tovwx [+ —* *— Laax
— lovwh —*
PORT O >~ A0 - A7 FROM Ri CR DPL DATA OUT ] A0 - A7 FROM PCL>—INSTR IN
I — lM\«FWL EEE—

PORT 2 p-4 P2.0 - P27 OR AB - A15 FROM DPH Pl AB - A15 FROM PCH

External Clock Drive Waveforms

le— tonex ——
—— tenex — | toen — —> - tenot
Vee - 0.5V —— - v —————ee l He
—— 0.7V — = =
- . | (
— 0.2 V- 0.1V —— —— o
0.45Y ——— ; —
o oo — ‘
toa >
External Ciock Drive
Symbot | Parameter ' Min ! Max Units
Moo Oscillator Frequency : 0 i 24 MHZ
T
teer Clock Period : 416 ns
tenex High Time 15 ns
toLex Low Time k 15 ns
terom Rise Time ‘ 20 ns
tCHCL Fall Time 20 ns

AIEL

13



ATEL

Serial Port Timing: Shift Register Mode Test Conditions
(Ve = 5.0 V £20%; Load Capaciia_nce = 80 pF)

i 12MHz Osc Variable Osciilator Units
Symbol Parameter Min Max Min Max
b Serial Port Clock Cycle Time 1.0 12 0 us
tov Output Data Setup to Clock Rising Edge 700 10tz o -133 ns
tusiax Output Data Hold after Clock Rising Edge 50 2o 00117 ns
trx Input Data Hold efter Clock Rising Edge o 0 ns
txmov Clock Rising Edge to Input Data Valid 700 10tz o -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION I o] I 1 | 2 | 3 | 4 ; 5 I 6 ! 7 | 8 I
ALE M l [ I e I o O A
I‘—'I txex,
cLock . L [ JR S [ IS L R Y
e — I’_ txmax
WRITE TO SBUF, SN 0 X T [ X 2 X3 X Ta X 5 X 6 T 7 7
¥ — t
OUTPUT DATA [ ..____..i e txnox SETTI
L CLEARRI |
: t
INPUT DATA SETRI

AC Testing Input/Output Waveforms!"”  Float Waveforms!"

Veg- 05V S =02 Voo + 0.6V e Viowp? 0V T T Vg 0y
s to v Timing Reference
_+. TEST POINTS , Lo g 3 Refe
0.45V s 2 0.2 Ve - 0V = . Vioap® &1 2 —V gt 0w

Note: 1. AC Inputs during testing are driven at V.- 0.5V for a Note: 1. Fortiming purposes, a port pin is no longer floating

logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from icad voltage occurs. A
are made at Vi, min. for a logic 1 and V,, max. for a port pin begins to float when 100 mV change from
logic 0. the loaded VoV, level occurs.

14 AT89C51 T ———————
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Ordering Information

Speed Power |
(MHz) Supply Ordering Code | Package Operation Range
12 5V +20% ATBYCS1-12AC } 44A Commercial
ATBICS51-124C L oa4) (0°C to 70°C)
ATBICS51-12PC 40P§
ATBIC51-12QC | 440
ATBIC51-12Al T 4ap industrial
ATBICS1-12.1 . 44) (40°C to 85°C)
ATB9C51-12P! ' a0Ps
ATB9C51-12Q ©44Q
16 5V +20% ATB9C51-18AC I asa Commercial
ATBIC51-16JC L (0°C 10 70°C)
ATB9C51-16PC | 40PB
AT89C51-16QC . aaQ
ATBICS51-16Al L 44A Industrial
AT89C51-16J] L a4) {<40°C 10 85°C)
AT88C51-16P! 40P8
ATBYC51-16QI 44Q
20 5V £20% AT89C51-20AC a4A Commercial
AT89C51-20JC 44) (0°C to 70°C)
AT89C51-20PC 40PB
AT89C51-20QC . 44Q
AT89C51-20Al Y Industrial
AT89C51-204i 44) {(-40°C to 85°C)
AT89C51-20P] 40P6
AT89C51-20Q1 . 44Q
24 5V 120% AT89C51-24AC V'Y Commercial
AT89C51-24JC Y {0°C to 70°C)
AT89C51-24PC | 40P
AT89C51-24QC ' 440
AT89C51-24Al o 44A Industriat
ATBIC51-24J1 ! 44) {<40°C to 85°C)
AT89C51-24P| . 40P8
AT89C51-24Q1 | 44Q
Package Type
444 44-igad, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
440Q 44-tead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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Packaging information

444, 44-lead, Thin (1.0 mm) Plastic Gult Wing Quad
Flatpack (TGFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

| 1221(0.478

1
FIN 11D 11.75(0.458)

__ 0.45(0.018)
i~ "0.3%0(0.012)

)

0.80(0.031) BSC —

10.10(0.384)
! 'BM(DMEJ sa

1

o008 T i i
ao.003) "‘I J ulin li ifi I
‘ T

] ‘__ 0.75{0.030) 0.15(0.006) |
0.45(0.016) 0.05(0.002)

r— 1.20(0.D47) MAX

Controlling dimension: millimeters

44, 44-lead, Plastic JHeaded Chip Carrier (PLCC)
Dimensions in Inches and {Millimeters)
JEDEC STANDARD M5-018 AC

D45(F.14) X 45" PIN NO. 1 -D45(1.14) X30' 45" g1, 0121.305)

1 IDENTIEY !_ i{‘ O8( 203}
L IR i
i ! _t
{ ESBETY EIO(16.0}
:i 650{16.5 s; S80(15.0)
oaxedy | ; 021( 533)
026(560) | E £95077) 013( %)
L 1 | ses(17.4 4;
i \
050(1.27) TYP = 043(1 0%
i——_.-. 500{12.7} REF 50 "“ 7070(.508;
1203.05)
| 050(2.29)
160{4.57)
a5(e.15)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and {(Millimeters)

2.07(52.6)
2.04(57 8)

586(14.4)

E30(13.5)
|.._ .090(2.29)
1.900{48.26) REF MAX
220(5. 59) 005(.127
MAX _..1 I-— ‘ MIN)

SEATING b
PLANE ‘Log' 08501 65)
_3_5)-151(4 —IL "015(387)
125(3.18) asss) 553)

.085¢1.85) 12356}
110(2.79) 0%i(1.09)
D302.28) £30(16.0)
f" E90(35. m"'|
012{.305)
O06{ 203
12%) £90(17.5)
F10(755)

44Q), 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345 (0.525)
[ Q
12,95 (0.506) s

1

PIN1ID —.
.

.

0.80(0.031) BSC —

L
r

[ 245 (0.096) MAX

~|@

0.17{0.067)
013(0005) " 1 ¢

’E _Jl_ 1030041

0.78 (o 030)
Controlling dimension: millimeters

L g25 10010 Max

16 AT89C51
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4N25/ 4N26/ 4N27/ 4N28
Vishay Semiconductors

-—
VISHAY

Optocoupler with Phototransistor Output

Description

The AN25/ 4N26/ 4N27/ 4N28 consist of 2 photo-
transistor oplically coupled to a gallium arsenide
infrared-emitting diode in a 6-lead plastic dual-inline
package.

The elements are mounted on one leadframe using
a coplanar technique, providing a fixed distance
between input and output for highest safety
requirements.

———

Applications ¥e 10532

Galvanically separated circuits for general purposes

o
'S

Features

¢ |sclation test voltage (RMS) 3.75 kv

e Underwriters Laboratory (UL} 1577 recognized,
file number E-76222

» Low coupling capacity of typical 1 pF
e Current Transfer Ratio (CTR) of typical 100%
e Low temperature coefficient of CTR

}\:‘L(

95 10805

=
W

»
T
Syt
9]
0
P
o

A\

Order Instruction

Ordering Code CTR Ranking Remarks
4N25/ 4N26 >20%
4N27/ 4N28 >10%

Rev. A4, 11-Jan-99 1(8)



4N25/ 4N26/ 4N27/ 4N28

Vishay Semiconductors

Absolute Maximum Ratings
Input (Emitter)

Paramester

Reverse voliage
Forward current

Forward surge current

Power dissipation
Junction temperature

Output (Detector}

Collector base voltage
Collector emitter voltage
Emitter collector voltage

Parameter

Collector current

Peak collector current

Power dissipation
Junction temperature

Coupier

Parameter
Isolation test voltage (RMS)
Total power dissipation
Armbient temperature range
Storage temperature range
Soldering temperature

Test Conditions

tp< 10 ps
Tamp € 25°C

Test Conditions

ty/T = 0.5, t, <10 ms
Temb < 25°C

Test Conditions

Tamp < 25°C

2mmfromcase, t<10s

") Related to standard ciimate 23/50 DIN 50014

Symbol
Veeo
Veeo
VECo

Symbol
Vip
Ptot
Tamb
Tstg
Tsd

Value

60

100
123

Value
70
30

50

100
150
125

Value
3.75
250

-55 to +100
<55 to +125
260

Unit

mA

mw
C

Unit

Unit

mw

o

oo

2(B)

Rev. A4, 11-Jan-99



VISHAY Vishay Semiconductors
Electrical Characteristics (Tamp = 25°C)
Input (Emitter)

Parameter Test Conditions Symbol  Min. Typ. Max. Unit
Forward voltage g = 50 mA VE 1.25 15 Y
Junction capacitance VR=0,f=1MHz G 50 pF
Output (Detector)

Parameter Test Conditions Symbol Min. Typ. Max. Unit
Collector base voltage ic = 100 pA Veso 70 \%
Collector emitter voltage g =1 mA Vceo 30 A
Emitter collector voltage g = 100 pA VEco 7 vV
Collector dark current Veg =10V leo 01 20 nA
Collector dark current Ve =10V lceo a5 50 nA
Coupler

Parameter Test Conditions Symbol Min. Typ. Max. Unit
Isolation test voltage f=50Hz,1=2s Vil 3.75 kv
(RMS)

Isolation resistance Vio = 1 kv, Rio" 1012 Q
40% relative humidity
Collector emitter le=50mA, lc =2 mA VeEsat 0.5 Vv
saturation voltage
Cut-off frequency Ve =5V, Ig = 10 mA, fe 110 kHz
Ry =100 Q
Coupling capacitance f=1MHz Cy 1 pF
7 Related to standard climate 23/50 DIN 50014
Current Transfer Ratio (CTR)
Parameter Test Conditions Type Symbol  Min. Typ. Max. Unit
ic/iF Vece= 10V, Ig =10 mA 4N25, 4N26 CTR 0.2 1
4N27, 4N28 CTR 0.1 1
Rev. A4, 11-Jan-99 3(8)




4AN25/ 4N26/ 4N27/ 4N28
Vishay Semiconductors

Switching Characteristics

Parameter Test Conditions Symbol Typ. Unit
Tum-on time Ve =10V, Ic = 10 mA, R = 100 Q (see figure 1) ton 4.0 us
Tum-—off time fof 3.0 us
Tum-on time Veg =5V, IF =10 mA, R = 1 kQ (see figure 2) ton 9.0 us
Turn-off time tost 18.0 113

¥ X +10V '} 96 11695
od L i

Ic= 10 mA : Adjusted through lF|
RG=500 ik Bt izput amplitude L
H 0 .
£
< =001 ! _ t
T ! o {, ——
=50 us - i
O Ic ;
& Oscill
CUloscope ‘EWA
-—0 7 ™~
Channel 1 gy 21 MR 0%
CLS20pF i
95 1M |
1%
Figure 1. Test circuit, non-saturated operation ] { P
i |
—J . — 1 (—— t
— gy e — T
+5V .
th pulse duration Iy storage time
ic ta delay time t fall time
-1 1 ty Tise tme if{=l*+t)  tun-off ime
) ton{=lg+t)  tum-ontime
I
i
! Figure 3. Switching times
—0
Channe| [ Oscill
- scilloscope
Channel II
RL2 1 MR
CL<20pF

Figure 2. Test circuit, saturated operation
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4N25/ 4N26/ 4N27/ 4N28

VISHAY

Vishay Semiconductors

Typical Characteristics (T, = 25°C, unless otherwise specified)
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Figure 4. Total Power Dissipation vs.

Ambient Temperature
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Figure 5. Forward Current vs. Forward Voltage
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Figure 7. Collector Dark Current vs.
Ambient Temperature
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4N25/ 4AN26/ 4N27/ 4N28

Vishay Semiconductors
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Figure 10. Collector Current vs. Collector Emitter Voltage
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Visha‘y Semiconductors
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4N25/ 4N26/ 4N27/ 4N28
Vishay Semiconductors

Ozone Depleting Substances Policy Statement

itis the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and intemnational statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as
their impact on the environment.

Itis particular concem fo confro! or eliminate releases of those substances into the atmosphere which are known
as ozone depleting substances {ODSs).

The Montreal Protocol (1987} and fts London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and intemationai initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to efiminate the use
of ODSs listed in the following documents.

1. Annex A, B and fist of transitional substances of the Montreat Protocol and the London Amendments respectively

2. Class | and |l ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EFA) in the USA

3. Councit Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not rmanufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in diffarent applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use Vishay Sermiconductors products for any unintended or unauthorized
application, the buyer shall indemnify Vishay Semiconduciors against all claims, costs, damages, and expenses, arising out
of, directly or indirectly, any claim of personal damage, injury or death associated with such unintended or
unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 {0)7131 67 2831, Fax number: 49 {0)7131 67 2423

8(8) Rev. A4, 11-Jan-99




LM555
Timer

General Description

The LMS55 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
far triggering or resetling if desimed. In the time delay mode of
operation, the time is precisety controlted by one extemal re-
sistor snd capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controfied with two extemal resistors and one capacitor. The
circuit may be tripgerad and resst on failing waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL clreuits.

&National Semiconductor

February 2000

Features

= Diract raplacement for SESSS/NESSS

& Timing from microseconds through hours

m Operates in both astable and monostable modes
m Adjustable duty cycle

& Output can sourcs or sink 200 mA

B Output and supply TTL compatible

®m Temperature stability better than 0.005% per “C
® Normally on and normally off output

® Avgilable in 8-pin MSOP package

Applications

u Pracision timing

= Pulse generation

u Sequential timing

& Time delay generation

® Pulse width modulation

u Pulse position modulation
w Linaar ramp generator

Schematic Diagram
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LM555

Connection Diagram

Dual-In-Line, Smafl Outiine
and Molded Mini Small Qutline Packages

1 8
GND e e +Voc
2 7
TRIGGER =t e DISCHARGE
3 6
DUTPUT st e THRESHOLD
Ll 5  CONTROL
RESET VOLTAGE
DOOTaS51-d
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LMSS5CM LMS555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM 255 1k Units Tape and Real MUADGA
LMSS5CMMX 255 3.5k Units Tape and Reel
8-Pin MDIP LM&S5CN L.M555CN Rails NOBE

www.national.com 2




Absolute Maximum Ratings (ot 2)

If MilitaryiAerospace specified davices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltagse

Power Dissipation (Note 3)
LMS5S5CM, LM555CN
LM555CMM

Operating Tempsrature Ranges

LM555C
Storage Temperature Range

+18V

1180 mW
613 mW

G'C to +70°C
~65°C to +150°C

Electrical Characteristics (Notes 1, 2)
(Ta = 25°C, V= +5V 1o +15V, untess othewise specified)

Soldering Information
Duakin-Line Package
Soidering (10 Seconds)
Smali Oulline Packages
(SOIC and MSOF)
Vapor Phase (60 Seconds)
infrared (15 Seconds)

Sea AN-450 “Surface Mounting Methods and Their Effect
on Product Reliabliity” for other methods of soldering

syrface mourt devicas.

260°C

215°C
220°C

Parameter Conditions Limits Units
LMS55C
Min Typ Max
Supply Voltage 45 16 v
Supply Current Vo =8V, R == 3 6
Vee = 18V, R = = 10 15 mA
{Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1K to 160k, 50 ppm/ C
C = 0.14F, (Note 5)
Accuracy over Temperature 15 %
Drift with Supply 0.1 BN
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Ra = Tk to 100k, 150 ppm/"C
C = 0.1pF, {Nots 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %V
Threshold Voltage 0.667 xVee
Trigger Voltage Voo = 15V 5 \'
Vg = 5V 167 v
Trigger Current 0.5 09 HA
Resat Voltage 04 0.5 1 v
Reset Curtent G4 0.4 mA
Threshold Curmrent {Note 6} 0.1 0.25 pA
Contiot Voltage Level Vee = 15V 9 10 11 v
Vee = 5V 26 333 4
Pin 7 Leakage Output High 1 100
Pin 7 Sat {Note 7}
Output Low Vee = 15V, |, = 15mA 180 mv
Cutput Low Voo = 4.5V, |, = 4.5mA 80 200 mV

www.national.com
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LM555

Electrical Characteristics (Notes 1, 2) {Continued)
{Ta = 25°C, Vee = +5V to +15V, unless oihewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Qutput Voltage Drop (Low) Voe = 15V
lgnx = 10MA 0.1 025 v
lgnk = 50mA 04 0.75 \Y
lemk = 100MA 2 25 \Y
lamk = 200mA 25 \Y
Vee = 5V
lsmic = BMA v
lamx = BmMA 0.25 0.35 \Y
Output Voltage Drop (High) Isource = 200mA, Vee = 15V 125 Y
lsource = 100mMA, Ve = 15V 12.75 133 v
Ve = 5V 275 33 v
Rise Time of Qutput 100 ns
Fall Time of Cutput 100 ns

Note 1: Al voltages are measured with respect to the ground pin, uniess otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to tha device may occur. Operating Retings indicerde conditiors for which the davice is func-
tional, but da not guarantee epecific performance limits, Blectrical Characteristica stete DC and AC slectrical spedifications undar particutar test conditions. which guar-
antee spedific performance kmits, This assumes that the devioe is within the Operating Raltngs. Specifications are not guaranieed for parsmeters where no kmit i3
given, howaver, the typkcal value ks a good indication of device parformance

Note 3: For operating at elevated temperatures the davice must be derated sbove 25°C based on a +150"C madmum jundion temperature and a themmal resistance
of 106°CAY (DIP), 170°CAV {50-8), and 204'CAW (MSOP) junction to smbéant,

Mote 4. Supply current when ouipul high typlcally 1 mA less & Ve = 5V,

Naote §: Tasted at Ve = 5V and Ve = 15V,

Note 6: This wi determine the madmum value of R, + Rp lor 15V operation. Tha maximum total (R, + Rg) ts 20MQ

Nate T: No protection egainst excessive pin 7 cument is necessary providing the pachage dissipation rating wili not be exceedad.
Mate B: Refer to RETSS55X drawing of military LMSSSH and LM555. versions for spacifications.
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Typical Performance Characteristics
Minimuim Pulse Width Supply Current vs.
Required for Triggering Supply Voltage
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1.1 Vec = 15V P
1 10
E 0s T= +125'!:] i -55°C
=
E 03 'y - 1
- a7 .E - +25°C
2 o0& T=+25°C " £ ¢ T
& g8 f i o 1~ +125°C
E o Z o
2 T £ ~
=z 03 111 = ’//
3 02 ﬁ T = -55°C o,
[
(K]
ZANNEN ,
o 0t 02 03 (T ] 5 10 15
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vec) SUPPLY VOLTAGE {V}
DSocTas1-4 DS00TA5119
High Output Voltage vs. Low Qutput Voltage vs.
Output Source Current Output Sink Current
?
T TT1 10 V¥
13 L———T.--EB‘E el L
o T T i
14 Ta = +25°C et ~85*C
> 140 T
RS 41 2 :
8 » = +126° 2 —
’I ! B 8 TI ”5 ] = ncl
B 08 >
> 0B [ A ___—55'5 %E‘ i
0.4
02 SV < Ve < 16V
a L1 an | i |
1 10 100 10 i 100
Isource (@A) Iz (mA)
OSOTEs -0 DSDOTAs (21
Low Qutput Voltage vs. Low Output Voltage vs.
Output Sink Current Output Sink Current
W= ¥ —=rm==co " =
} Vee =10V § F— Voo = 15V
i) [
10 b= : 18
s = +I5°C 5 +125°C
- H I e -
5 . r lJ -
-] +25°C 8 n
- LN Csee | > 250 L 22 sse
. =27 e z 01 e £ =z
//" ” :
un L i o [ 1]
10 10 100 10 10 teg
Taw (mA) lanx {mA)
DS00TRS1-02 oTEs13

5 www.national.com

SGSW



LM555

Typical Performance Characteristics (Continued)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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Applications Information
MONOSTABLE OPERATION

in this mode of operation, the timer functions as a one-shot
(Figure 1). The external capaciter is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 V. to pin 2, the flip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

SV T0 5% w
i RESET T tc
4 ]
TRIGGER
NDRMALLY Ol 2 S| oMeHAReE
“oN* LoAD § P
| LSS 6 THRESHOLD
1 CONTROL
QuTruy VOLTAGE
—1: 5 1 .
NORMALLY & | '
“QFF" LOAD S
i A.MuF
= I

—
-

DESna7Ast-A

FIGURE 1. Monostable

The voltage across the capacitor then incraases exponen-
tially for a period of t = 1.1 R, C, at the end of which time the
voltage equals 2/3 V... The compamtor then resets the
flip-flop which in tum discharges the capacitor and drives the
output to its low state, Figure 2 shows the waveforms gener-
ated in this mode of operation, Since the charge and the
threshold leve! of the comparator ara both directly propor-
tional to supply voltage, the timing internal is independent of

supply.

U i 1 Ll

DSOOTAS1-B
Voo = BV Top Trace: Input SV/Diy.
TIME = 0.1 ms/DIV. Middle Trace: Output SV/Div.
Ry = 9.10 Bottom Trece: Capacihr Voltage 2v/Div.
C = 0.01pF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so long
as the trigger input is ratumed high at least 10ps before the
end of the timing interval. However the circuit can be reset
during this time by the application of a negative pulse to the
raset terminal {pin 4). The output will then remain in the low
state until a trigger puise is again applied.

When the reset function is not in usae, itis racommended that
it be connacted to V. to avoid any possibility of false trig-
gering.

Figure 3is 8 nomograph for easy determination of R, C val-
ues for various ime delays.

NOTE: in monostable operation, the trigger should be driven
high before the end of timing cycle.

{00
{ V
VY
10 s ..,
o A / /
] %/ o
E 1 q.: _\Q* 2L )
H YAVEE
5 ~/ ¥,
E oA AAT
-
s ViV
< ant /1/1/1/1
0.001
10 s 100 001 e 10 100 e 13 105 100s
{y - TIME DELAY
DADOTRR T
FIGURE 3. Time Delay
ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 {pins 2 and 6
connectad) it will triggar itseff and free run as a multivibrator.
The extarnal capacitor charges through R, + Rg and dis-
chargss through Rg. Thus the duty cycle may be precisely
sel by the ratio of these two resistors.

r T -
=
! Ra
i

4 [1
$ L. ,
I
: LME5S 'S "
i
g—:—————-« 3 l 5 j_ c
] i quuyr

= OSo07esi-8

FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
charges between 1/3 Ve and 2/3 Vec. As in the triggered
mode, the charge and discharge times, and therefore the fre-
quency are independent of the supply voitage.
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LM555

Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

;
e ﬁii P L~
1/ \ / \\ //
rd b I e
i
CSO07ES1-9
Ve = 5 Top Trace: Quiput 5ViDiv.
TIME = 20ps/DIV, Bottom Trace: Capatcitor Voltage 1V/Div.
Ry = 3.9k1
Rg = k2
C = 0.01uF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
4L =0693 (R, +Rp) C
And the discharge time {output tow) by:
L, =0683(Rp) C
Thus the total peried is:
T=t +t, = 0653 (R, +2Rg) C
The frequency of oscillation is:

1.44
(Ra + 2Ra) C

Flgure 6 may be used for guick determination of these RC
values.

The duty cycle is:

1
f=—=
T

- NN T

mw M N, N M,

x \\ \ !
E 1 N M, .4 ]l
R ACARARANY

5 ‘*"' % % ‘4 I‘.r
S oar | NN N NN
& S . Y

HESRAA

.00t A
L1 1 1B o108 Tk 18k 108

| - FREE-RUNNING FREGUENCY {Hz)
[FH0UTAS1-40

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
circuit.

HH+ HE THIpH

DSOOTASY-11
Voo = 5V Top Trace: Input 4V/Div.

TIME = 20pa/DIV.  Middie Trace: Outpeit 2V/Div,

Ry = 9.1k0] Bottom Trace: Capecilor 2v/Div,

G = 00k

FIGURE 7. Frequancy Divider

PULSE WIDTH MODULATOR

Wwhen the timer is connected in the monostable mode and
triggered with a continuous pulse ftrain, the outpul pulse
width can bs modulated by a signal applied to pin 5. Figure
& shows the circuit, and in Figure 9 ara some waveform
examples.,

TISCHARGE
TR(EGEA Oy 2 H

bS5 " THRESHOLD

InopuLATION
1HPUT
DUTPUT Ot 3 5 r—-——-o —r

1
DES007a01-12

FIGURE 8. Pulse Width Modulator

) ] I~

E H

3007813

Voo = 5V Top Trace: Moduiation 1v/Div.

TIME = 02 ms/DIV.  Batiom Trace: Output Voltage 2ViDiv.
Ra = 9.1k02

C = 001F

FIGURE 9. Pulse Width Modulator
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Applications Information (continued)

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies with
the modulating signal, since the threshoid voltage and hence
the time delay is varied. Figure 17 shows the waveforms
generated for a triangle wave modulation signal.

T *Vee
4 2
F ?
[T LI TR
MODULATION
QUTPUT (v ) [ Sy ¢
L] i

- DSooTRs1-14

FIGURE 10. Pulse Position Modulator

W /7

|
L
. DROOTEJ-15
Voo = 5V Top Trece; Modulation Input 1V/Div.
TIME = 0.1 ms/DIV. Bottom Tracs: Outpul 2V/Div.
R = 3.9k
Rg = 3k
C=001F
FIGURE 11. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, R,, in the monosiable circuit is re-
placed by a constant current source, a linear ramp is gener-
ated. Figure 12 shows a circuit configuration that will perform
this function.

TAKGER O—dg 7

QUIPUT Ot 3

CEImyi-18

FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:

_ 2/3VecRe(Ry + Ro)C

" RyVee - Ve (Ry + Ry)
Vge = 0.6V

VBE = 6V

—

i
AT T L

/ I /
" -
DSDOTASH-17

Voo =% Top Trace: Input IViIDH,

TIME = 200/ 0. Middie Trace: Output SV/Diy.

Ry = 47kil Botiom Trace: Capachior Violtage 1W/DHv.
Ry = 100ks2

Rg = 2.7 k2

C = 0.01 pF

FIGURE 13._ Linear Ramp
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LM555

Applications Information (coniinued)

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R,, and Rg may be con-
nected as in Figure 14, The time period for the oulput high is
the same as previous, t, = 0.693 R, C. For the output low it
sty =

[(HA AB)/(RA + RB)] C ¢n [5-“%—:-?-”—5]

2Rg - Ap
Thus the frequency of oscillation is

1
4y + 12

—*“ HWee
A,
5k
Rg
4 ] 2k
2 ? A
[ 1213 [

QUTPUT O 3 5

| 1
—

FIGURE 14. 50% Duty Cycie Oscillator

-4
= 0.01.F
i1 11713

Note thal this circuit will not ostillate if Rg is greater than 1/2
Ra because the junction of R, and Rg cannot bring pin 2
down to 1/3 V. and trigger the iower comparator,

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to prolect
associated circuitry. Minimum recommended is 0_1yF in par-
afle! with 1uF elecirotytic.

Lower comparator siorage bme can be as long as 10us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10us minimum.

Delay tima rese! lo output is 0.47us typical. Minimum resst
pulse width must be 0.3us, typical.

Pin 7 current switches within 30ns of the output {pin 3} volt-
age.

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

B985 -0.187
Ta 208 —5.084)
] ] ? ] B
s A.f
LI -3
am_am)
! Son
g) } -
¥ -
L AT
ENT :_'
-~ RS
ORI ey
[Ty )
r_ Py
L,___u ¥
T =7 f
oom-oam SO,
amoom — e
TP ALL LEADS mmmné
Small Outline Package (M)
NS Package Number MOSA
0.11810.004

[E4=— [320.1] ——

8 5
A
Y
1 + L] [} ( )
0.189
0.11810.004
. . 48
o (360 1 | (2]
.\‘\‘ (FI?O‘ZOJ) ITP ' 1 | I
PIN § 1 - [ HIHE S
IDENT [, |
NOTE 2 U l_J (0.016) | L_
0.0t
' . TYP— (0.0256)
- fo.41) e st [0.65] TYp
- LAHD PATTERM RECOMMENDATION
0.005
R [0.13‘ TYe GAGE
PLANE
[1.00] ¥AX R o.13) TP
\ {0.010)
}—— [0.25)
4 YA Eeeee— JALLT
[e[0.002[0.05] [A [{] +0.004 |
0.012% 0.021£0.005
0.002-0.006 l [0'3‘00‘.‘0“02 e _"I l‘" {0.5340.12) 0°-6° TYP
lo.06-0.15] """ w08 (Fo'“;;])— o ocs) SEATING PLANE
[ [0.002 [0.05][E® [cB)] 00074
.007£0.002
[oc!m:o.os} e wiaons (v 6}

8-Lead (0.118” Wida} Molded Mini Smali Outline Package
NS Package Number MUAOSA

"

SSSW



LM555 Timer

Physical Dimensions inches (milimeters) unless otherwise noted (Continued) ]
0.373—0.480
[7eTX
)
- ITE]
soez RGNS \ 0,032 £.0,005
2.3 s e R R TS
PIN HD, 4 DENT @ \ _"ém;t__::"*‘ AAD
’ y 5510, PIN RO. 1 IDENT-
omoNt 1 ] ¥
- QgEgagn
! (7:12)""‘ ™ 0w wax ‘;%‘;m—bl l*— 035 OMTION 2
i 0:300_D.320 . 0752 e — "_(-U-'!Tﬂ) A us-pm
{162-8.128) ‘ nt —1/‘*‘- - [0.583-5.080)
| e i ‘ e A oa3nzo.008 [}
, L ¥ AaeEoam l ‘
w A pizs—0.148
i o.ﬁ: ‘1‘ ¥ (3175-3.55%) 1
- 8425 sl T T o.07
gom-0015 Q- l m=—"5,‘ [t.851) ¢ llesc 44 {0.508;
6.228-0381) 1 mh ' ™ ] N
NOM 0018 20,003
oxs 0 o BAST T0.078)
T G i L10t00m
(825823 500) {2SH£0.254)
goszoms  f 1,
(1143 20,381} 0050
.'m'—ﬂ 1.5
"T'm_..‘ [ ' WORE [REY F)

Molded Dual4dn-Line Packagoe {N)
NS Package Number NOBE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIGENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component s any component of a Iife
systems which, {a) are intended for surgical implant support device or system whase failure to perform
into the body. or (b} support or sustain fife, and can be reasonably expeded to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.
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