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Abstract

This thesis presents design and construction of an automalic conirol of parcel counter
for a convcyor system, in which the counter and the conveyor mator are regulated by a
microprocessor. In this projecl, a model of conveyor belt, an objeci deiecior and the counter are
made. The parcel number counted is displayed via 3 seven-segmenl LEDs. Since a conveyor
sysiem using sensors for counting or conlrol purposes is presently expensive. Hereby, light-
emilling diodes and light-dependent resistors are used lo creale the deteclor circuit, so
development of such a system costs less. The experimental results show that the syslem
developed in this project work successfully and effectively. The microconiroller-based control

results in high accuracy and reliability of the system.
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P89V51RD2

8-bit 80C51 5 V low power 64 kB Flash microcontrolier
with 1 kB RAM

Rev. 01 — 01 March 2004 Product data

1. General d_escription__ 7

2. Features

The P89V51RD2 is an 80C51 micrecontroller with 64 kB Flash and 1024 bytes of
data RAM.

A key fealure of the P89V51RD2 is its X2 mode option. The design engineer can
choose o run the applicalion with the convenlional 80C51 clock rate (12 clocks per
machine cyele) or select the X2 modse (6 clocks per machine cycle) to achieve twice
the throughput at the same clock frequency. Anolher way lo banefit from this feature
is to keep the same performance by reducing the clock frequency by half, thus
dramalically reducing the EMI.

The Flash program memory supporls bolh parallel programming and in serial
In-System Programming (1SP). Parallel programming mode offers gang-programming
al high speed, reducing programming costs and time to markel. ISP allows a device
lo be reprogrammed in the end product under software conirol. Tha capabilily to
ligld/update lhe application firmware makes a wide range of applicalions passible.

The P89VS1RD2 is also In-Application Programmable (IAP), allowing the Flash
program memory to be reconfigured even while the application is running.

80C51 Central Processing Unit

5V Operaling voliage from 0 to 40 MHz

64 kB of on-chip Flash program memory with ISP (in-System Programming) and
IAP {In-Application Programming)

Supports 12-clock (default) or 6-clock mode selection via soflware or ISP

SPI (Serial Peripheral Interface) and enhanced UART

PCA (Programmable Counter Asray)} with PWM and Caplure/Compare funclions
Four 8:bil I/0 porls with three high-current Port 1 pins {16 mA each)

Three 16-bit limers/counters

Programmable Watchdog timer (WDT)

Eight interrupl sources with four priority levels

Second DPTR register

Low EMI mode {ALE inhibii)

TTL- and CMGS-compaltible logic levels

&  PHILIPS
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Philips Semiconductors P89V51 RD2

8-bit microcontrollers with 80C51 core

B Brown-out detection

B Low power modses
+ Power-down mode with external interrupt wake-up
¢ |dle mode

B PDiP40, PLCC44 and TQFP44 packages

3. Ordering information

Table1:  Ordering Information

Type number Package Verslon

- T e “|Name- Description -
P89V51RD2FA PLCC44  plastic leaded chip carrier; 44 leads SOT187-2
PB9V51RD2FBC TQFP44  plastic hin quad flal package; 44 leads SOT376-1
P89V51RD2BN PDIP40 plaslic dual in-line package; 40 leads S0T1298-1

3.1 Ordering options

Table 2:  Ordering oplions

Type number Temperature range Frequancy
P8SV51RD2FA —40°C lo +85 °C 010 40 MHz
P89V51RD2FBC —40°C lo +85 °C
P89VS1RD2BN 0°Clo +70°C
397 760 12964 1D Korinkdia P pa Electror'al NV 2004 A1 nghts reserwad

Producl data Rev. 01 — 01 March 2004 20f75
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Philips Semicondl._lc_lors i B P89V51 RDZ

8-bit microcontrollers with'780051 éo}é

4. Block diagram

I
|
|
I
t
i CODEFLASH [N/ |5
: BUS |
1kB o e . »
I DATA RAM ]<,—— vl f——" 5P I\::'C‘>
i ‘
} 1 i
! “ A | TIMER 0 ’¢—|—0
o IL:/ e o = ﬁ/l TIMER 1 -

- - - T T T LT T T e e s —— }
HIGH PERFORMANCE f
80C51 CPU I
/T !
|
|
M kB /l—_l\ /l__—f\ UART . J - »
|

1 |
atd J-_ PN PCA |
<,—‘I s PORT 1 N—y < . __:/\ PROGRAMMABLE < - — >
! COUNTER ARRAY |7 !

CRYSTAL | =
CR

RESONATOR { ! w7

Fig 1. PBIV51RD2 block dlagram.

93T D 12964 — . . _ OHmrbw_th;tt_ﬂorEEV X Allqﬁ_smu-na

Product data Rev. 01 — 01 March 2004 ol 75
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Philips Semiconductors P89V51 RD2

8-bit microcontrollers with 80C51 core

T2P10 1] V 48] vpp
T2EXP1.1[2] 33| PO.0VADD
EcuP12[3] [38] Po.11AD1
CEXMP1.3 [4] [37) Po.22AD2
CEXY/EEP14 5] 38} Po.3aD3
CEX2MO51P1.5 6 | [35] PO.47AD4
CEXIMISOP18 [T | [24] PO.87ADS
CEX4/5CKP1.7 (8] 33] Po.&/ADS
ast[e] z [32] Po.7/ADT
RxDP30 [10] § 31) EA
TXDP3 A [11] D 30] ALE/FRGG
Werasfiz] 8 [)FEER
RTiEa.3 [13] 28] P2.2/A15
T0rP3 4 [14] 27] P2.a/A 14
TIP3 5 [15] 28] P2.5/A1D
P s 18] [25] P2 41412
RDP37 [17) [24] P2. VA1
XTAL2 [18] 23] P2.27A10
XTAL1 [38)] [22] P2. 19
vgs [20] 21] P2.va8
COZsany it
Fig 3. PDIP40 pin configuration.

SADT 750 12084 ) _ _ © Konirkipam Priipe Ewciroticn N V. 2004 Al righua reasned
Product data Rev. 01 — 01 March 2004 Sof75
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P89V51RD2

5.2 Pin description

Table 3:  P89VS1RD2 pin description

8-bit microcontrollers with 80C51 core

Symbol |Pin Type
DIP40  |TQFP44 |P|.cc44

P0Oto  39-32 37-30 43-36 1o

PO.7

P10l 8 40-44, 1-3 29 MO with

P1.7 Internal pull-up

P1.0 1 40 2 1o

P11 2 a1 3 !

P12 3 42 4 I

P1.3 4 43 5 10}

P14 5 44 5 i

P15 6 1 7 ¥o

P1.6 7 2 8 o

P78 3 g o

PAST IS 10084

Description

Port 0: Port 0 is an 8-bit open drain bi-directional 110
porl. Port 0 pins that have '1's wrillen to them fleat, and
in this slale can be used as high-impedance inputs.
Pori 0 is also the multiplexed low-ordar address and
data bus during accesses to external code and dala
memory. In this application, il uses slrong internal
pull-ups when transilioning to '1's. Porl 0 also receives
ihe code bytes during the external host mode
programming, and oulputs the coda bytes during the
external hosl mode verification, External pull-ups are
required during program verificalion or as a general
purpase MO port.

Fort 1: Porl 1 |s an 8-bit bl-directional ¥O port wilh
internal pull-ups. The Pert 1 pins are pulled high by the
internal pull-ups when *1°s are written to them and ¢an
be used as inpuls in This state. As inputs, Porl 1 pins that
are axlernally pulled LOW will source current (i)
because of Ihe internal pull-ups. P1.5, P1.6, P1.7 have
hlgh current drive of 16 mA. Porl 1 also receives the
low-order address byles during lhe exlernal host mode
programming and verilication.

T2: External count input 1o TimerGounter 2 or Clock-oul
from Timer/Counler 2

T2EX: Timer/Counter 2 caplure/reload lrigger and
diraction control

EC|: Exiernal clock input. This signal Is the external
clock input for the PCA.

CEX0: Caplure/compare external fO for PCA Module 0.
Each capture/cempare module connecls lo a Porl 1 pin
for axlernal /0. When not used by the PCA, this pin can
handle standard /0.

85 Slave p_ort select fnpul for SP|
GCEX1: Capiurefoompare exlernal O for PCA Modula 1

MOSI: Master Oulput Slave Input for SP|
CEX2: Caplurs!compare exlernal O for PCA Module 2

MISO: Master Input Slave Oulpul for SPI
CEX3: Caplure!oompare external I/O for PCA Modula 3

'SCH: Master Output Slave Input for SPI
CEX4: Caplure/compare external |/O for PCA Module 4

© Ko ij<m Proips € acironics KV 7204, AY rigH reanreed

Product data

Rev, 01 — 0t March 2004 Tof 75



40

Philips §emiconductors _ P89V51 RDZ

é-bit mlcrocoﬁlrollers with 80C51 cére

Table 3:  P89V51RD2 pin description...continued

Symbol [Pln Type 'Deucrlpllon
DIP40 TQFP44 (PLCC44
P2.010 21-28 18-25 24-31 [I10] Port 2: Port 2 is an 8-bit bi-directional IO porl wilh
P2.7 with internal internal pull-ups. Porl 2 pins are pulled HIGH by the
pull-up inlernal pull-ups when *1's are wrillen to them and can

be used as inpuls in this slale. As inputs, Porl 2 pins that
are exlernally pulled LOW will source current {l,)
because of the internal pull-ups. Port 2 sends the
high-order address byle during fetches from external
program memaory and during accesses lo exlernal Data
Meamory that use 16-hit address (MOVX@DPTR). In Lhis
applicalion, il uses strang inlarnal pull-ups whan
Iransitioning to *1's. Port 2 also receives some conlrol
signals and & partial of high-order address bits during
the exlernal hosl mode programming and verilicalion.

P3.0 o 10-17 5 7-13 11,1318 O Port 3: Port 3 [s an 8-bit bidireclional NO porl wilh
P3.7 wilh internal inlernal pull-ups. Port 3 pins sre pulled HIGH by the
pull-up Infernal pull-ups when '1's are wrilten {o lhem and can

be used as inpuls in this stale. As inputs, Port 3 pins thal
are exisrally pulled LOW will source current {l)
bacause of the Internal pull-ups. Port 3 also receives
some conlrol signals and a partial of high-order address
bils during the external hosl mode programming and

verification,
P30 10 5 i1 I RXD: serial inpul port
P3.1 1 7 13 0 TXD: serial output porl
P3.2 12 8 14 I INTO: extarnal interrupt O input
P33 13 9 15 { INTT: external interrupt 1 inpul
P3.4 14 10 16 | T0: external count input to Timer/Counter 0
P35 15 11 i7 | T1: axternal count Inpul 1o Timer/Counler 1
P36 18 12 N 18 o WR: external dati-;r_riémory wrile sroba
P37 1713 &) 0 RD: exlernal dala maiﬁ_éry read strobe
PSEN 29 26 32 1o 'Frogram Store Enable: FSEN |3 the read strobe for

external program memory. When lhe device is executing
from inlernal program memaory, PSEN Is Inaclive
{HIGH). When ihe device is executing code from
exlernal program memory, PSEN is aclivaled twice each
machine eycle, excepl thal two PSEN activations are
skipped during each access 1o external dala memory. A
lorced HIGH-to-LOW [npul transition on the PSEN pin
while the RST input Is continually held HIGH for more
than 10 machine cycles will cause the devics lo enter
exlarnal host mode programming.

RST 9 4 10 | Reset: While tha oscilator is running, a HIGH logle state
on this pin for two machine cydles will reset the device. If
the PSEN pin is driven by a HIGH-to-LOW input
lransltion whila the RST input pin is hald HIGH, the
device will enter the external host mode, otherwise the
davice will enter Lhe normal operalion mode.

P07 750 12084 . ) © Ko ks PHize Ewctronicn NV 2304 AN tighis fesered
Producl dala Rev. 01 — 01 March 2004 Bol75
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Philips Semiconductors P89V51 RD2

8-bit microcontrollers with 80C51 core

Table 3: P8SVS1RD2 pin description. . continued

Symbol (PIn Type ) 'Descrlpllon
DIP40 TQFP4A4 |PLCC44
EA 31 29 35 1 External Access Enable: EA must be connecled to Vs

In order to enable lhe davice lo fetch code from the
exlernal program memory. EA must be strapped 10 Vpp
for internal program execulion, However, Securily lock
level 4 will disable EA, and program execulion is only
possible from internal program memory. The EA pin can
tolerale a high vollage of 12 V.

ALE/ 30 27 a3 o Address Latch Enable: ALE is the oulput signal for

PROG latching [he low byle of the address during an access to
exiernal memaory. This pin Is also the programming
pulse input (FROG]) for Nash programming. Normally the
ALE!is emilted at a conslanl rate of % the crystal
fraquency'® and can be used for exlernal liming and
clocklng. One ALE pulss is skipped during each access
to external data memary. However, it AD is set to '1’,

ALE is disabled.

NC - 6,17,28, 1t,142,23, IO No Connect

39 34

XTALY 19 15 21 | Crystal 1. Input to the inverling oscillator amplifier and
input o tha internal clock generalor circuils.

XTAL2 18 14 20 (o] Cryslal 2: Quiput from he inverling osclllator amplifier.

Voo 40 38 44 | Power supply

Vss 20 16 22 | Ground

[1]  ALE loading Issue: When ALE pin experiences higher loading (>30 pF} during the reset, the microcontroller may accidentalty enter inla
modes other lhan normal working mode. The solulion is to add a pull-up resistor of 3 k¥ 1o 50 kit [0 Voo, 0.9., for ALE pin.

f2] For &-clock mode, ALE Is emitled at ' of crystal requency.

2397 750 12984 ) ~ QK_’n’l‘lIr! Phiizs Evdironcs N V. 2004, AT rghb raaareed

Preduct data Rev. 01 — 01 March 2004 9of 75
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LM339, LM239, LM2901,
LM2901V, NCV2901,
MC3302

Single Supply Quad
Comparators

These comparalors are designed for use in level detection, Jow-levet
sensing and memory applications in consumer, avtomolive, and
industrial elecironic applicalions.

Fealures

Single or Split Supply Operation

Low Inpul Bias Cursent: 25 nA (Typ)

Low Inpu Offser Current: 25.0 nA {Typ)

Low Input Offset Voltape

Inpul Common Muode Voliage Range to GND

Low Oulpul Saturalion Vollage: 130 m¥V (Typ) @ 4.0 mA

TTL and CMOS Compatible

ESD Clamps on the Inputs Increase Reliability withoul Affeciing

Device Operation

& NCV Prefix for Amomolive and Other Applicativns Requiring Site
and Contro} Changes

® These Devices are Ph-Free, Hatogen Free/BFR Fice and are RollS
Compliznl

T Semtonducks Compenents induny es LLC. 2610 ]
November, 2010 - Rev. 19
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ON Semiconductor®

hitp:/lonsemi.com

S0IC-14
14 D SUFFIX
CASE 751A

POIP-14
N, P SUFFIX
CASE 646

TS50P-14
DTB SUFFIX
CASE 948G

PiN CONNECTIONS

Outpua2 [ 1] - 14 ] Output 3
Ouput 1 [2] | 2] Outpn 4
vee [ 2] 6no
~toput 1 [} \J Py IR
+ ot 1 E:]i}' @E - Input 4
- loput 2 Ej:-?\k 4;5\[3 + Ipol 3
gz (7] STHE - tnputs

{Top Yiew)

ORDERING INFORMATION

See delaled o derng and sippeg inlprmaien in 1he package
dimensons sechon on page 7 of this data sheel

DEVIiCE MARKING INFORMATION
See generat marang miormaton in the device marking
Lecton on pape B of this data sheel.

Publicalion Order Number:
LM329,D
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Rabing Symbol Value Unit
Power Supply Voltage Vee Vdc
L2339 M2001. W +3Bori18
MG3302 +30or 215
Inpul Driferential Vohage Range Ving Vdc
LMZES1IM3ILMZI0, ¥ 36
MG3302 30
tapul Gormmon Mode Vollage Range VicuA -0.3toVee Vde
Qutput Shodt Circuil 1o Ground (Nole 1) teg Caontinuous
Power Dissipation @ Ta = 25°C Po
Plastc Package 1.0 w
Derale above 25°C VR 890 mwrG
Junction Temperature Ty 150 G
Onperating Ambien| Temperature Range Ta C
LM239 25 19 +85
MCA302 -40 lo +B5
Luzeor Sz
4010+
LW2901 V. NCY2001 010 170
LM339
Storage Temperalwre Range Ty -6510+150 G
ESD Provection a\ any Pin (Note 2} Vesp v
) Human Body Mode! 1500
: Machine Model 200

Swesses exceeding Maximuwmn Rabings may damage the device Maximum Ratings are stess ratings only. Funclional operalion above ihe

Recommended Operating Conditions is nol impted. Extended exposuie 10 svesses above the Recommended Operating Condrtions may afleel

device 1 eliability.

1. The maxdimurn outpud cud et may be as high as 20 mA, independent of the magitude of Vioo. Culput shon circuds (o Ve tan cause excessive

heating and eventual destructon

2. Vesp rating for NOWSC devices is: Human Body Mode! - 2000 V, Machine Model - 200 V.

Vee T ? + Input - nput ¢
i -
o P _
o P % -
o—H—_v
S “Town T

NOTE: Diagram shown is for 1 comparator.

Figure 1. Circuit Schematic
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vde, Ty = +425°C, uriess olhervrise noled)

LM200172004V/
LM239/330 NCV2801 MC3302
Characterlslic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unil
Inpul Olisel Voltage (Nole 4) Vio - 20 | 50 - 20 | £7.0 - 3.0 | x20 | mVde
Inpul Bias Current [Noles 4, 5) ha - 25 250 - 25 250 - 25 500 nA
(Oviput in Analog Range)
Input Otiset Current (Note 4) Yo - 5.0 | £50 - 5.0 | #50 - 30 | £100 | nA
Inpul Common Mode Vollage Range Vicin 0 - Vee 0 - Veo 4] - Veo v
-1.5 -15 -1.5
Supply Current fec mA
Ry = o {For All Compaialois} - 0.8 2.0 - 0.8 20 - 08 20
Ry =, Vg = 30 Vdc - 10 | 25 - 10 | 25 - 10 | 25
Vollage Gain Avor 50 200 - 25 100 - 25 160 - vimv
Ry 215 k2 Ve = 15 Vdc
Laige Signal Response Time - - 300 = - 300 - - 300 - ns
) Vi = TTL Logic Swing,
Vet = 1.4 Vo, Vi = 5.0 Vide,
Ry =51 k2
Response Time {Nole 6) - - 1.3 - F 13 - - 13 - HE
Vay = 5.0 Vde, Ry = 5.1 k22
Oulpw Sink Curient Igirx 60 i6 - 6.0 16 - 6.0 16 - mA
Vi(-) 2 +1.0 Vdc, Vi(+} = 0,
Vo< 1.5 Vic
Satwgtion Vellage Veal - 130 | 400 - 130 4100 - 130 | 500 mY
V=) 2 41.0 Vde Vi{+) = 0,
bk € 4.0 MA
Oulpul Leakage Cuniem Tou - 01 - - iR} - - DA - nA
Vit+) 2 +1.0 Vde. V{-) = 0.
Vo = +5.0 Vdc

3. {LM239) Ty = -25°C, Thigh = +85°

{LM339) Tipyy = O°C. Thagh = +70°C

{MC3302) Ty, = —A0°C, Thgh = 1B5°C

(LM2901) Ty, = -40°C, Tpygp = +105¢

{LM2301V & NCV2901) Tigy, = -40°C, Tiypn = +126°C

NCV2901 is qualified lfor avtomolive use.
4, Althe oulpul switch point, Vo = 1.4 Vdc, Rg < 100 € 5.0 Vdce £ Ve < 30 Vdc, with the inpuls over the full common mode range

{0 Vdc 1o Ve -1 .5 Vi),

. The bias cunent flows out of the inpuls dug 1o the PNP inpul slage. This cearenl is virlually conslanl, independenl of the oulpul state.
. The response time specified is for a 180 mV inpul step wilh 5.0 mV overdrive. For larger signals, 300 ns is typical.

[ Rl

hup:f{bnseml.cbm
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PERFORMANCE CHARACTERISTICS {Vec = +5.0 Vdc, Ta = Tiow 10 Thign {Nole 71)

46

{MC3302) Ty = —40°C] Tiagy = +85°C

(LM2901) Ty = -40°C, Tpygn = +105°

(LM2901V & NCV2901) Tigy = -40°C. Thign = +125°C
NGV2901 is qualified lor avtomolive use.

Al 1he oulpul swilch poinl, Yo = 1.4 Vdc. Aig £ 100 Q 5.0 Vde < V¢ £ 30 Vde. with the inpuls over the fulf common mode range

{0 Vdt 1o Ve — 1.5 Vo).

10k
Vg C—— UL
v Heet '/_L’)_
Ve 60— \'M'_T*l—
Vier ¢,

108
10k é At . v Ve RI
| = D A

A3 = R17f Rl R2

A1 }{ Ry

Ve ————— - Voyimirt
N R/ A A2 WMo - Vo)

R2 » Riet! ) RI

5 10k
— Vo

Figure 2. Invertlng Comparalor
with Hysleres|s

et=

2 = A5 [ { Rt

LM2001/2901V/
LM239/339 NCV2901 MC3302
Characterlstic Symbol | Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max | Unh
Inpul Offset Vohiage (Note 8} Vio - - 90 - - +18 - - +40 | mVde
Inpul Bias Cuirent (Notes 8. 9) e - - 400 - - 500 - - 1000 | nA
{Oulpul in Analog Range)
Inpul Oftsel Current {Nole 8} ho - - +150 - - |=00] - - ]300
Input Common Mode Vollage Range Vicun 0 - Vee 0 - Veo o - Veo v
-2.0 -20 -2.0
Saluration Voltage Ve - - 700 - - 700 - - 700 | mV
Vil-) 2 +1.0 Vde, Wii+} = 0,
boimy < 4.0 A
Ouipul Leakaage Current Iew - - 1.0 - - 1.0 - - 1.0 A
Vi{+} 2 +1.0 Vde, V(- = 0,
Vg = 30 Vo
Ditferential Input Vollage Vip - - Yoo - - Vei - - Voo | Vde
ANV, 20 Vde
7. (LM239) T)gy = -25°C, Thon = 485°
{LM339) Ty, = 0°C, Tpon = +70°C

Ve AI
Ry 1 R1

Ammanant of Hyslerests Vi

9. The bias current ows oul ol the inpuls due lo Ihe PNP input stage. This cuiiend is virtually constanl, iidependent of Lhe outpul siate.
10.The response time speaified is lor a 102 mV inpul step with 5.0 mV overdiive. Fort larger signals, 300 ns ks typical.

R2
Ve o, m Vo~ Yomnl

Figure 3. Noninverling Comparator
wilh Hysleresls

Mip:/jonsemi.com
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NORMALIZED OFFSET VOLTAGE

1 M339, LM239, LM2901, LM2901V, NCV2301, MC3302

Typlecal Characteristics
(Voo = 15 Vdc, T, = +25°C (each comparalor) unless otherwise noted.)

47

140 48
42 ——
_ _—
120 /// g " Ta=-55°C ____——"I-/-/ -
/ § 0 /r"—‘- Ta=125C //
~ e
100 o o T =155
= Iy
e E —
o — 18
s
00 |——~] Z
o
1
0.60 0
-50 -25 n 25 50 5 00 125 o 40 RO 12 16 20 24 28 a2
Ta, AMBIENT TEMPERATURE (C) Ver. POWER SUPPLY VOUTAGE {Vdc}
Figure 4. Normalized Inpwi Oliset Voltage Flgure 5. Input Blas Current
8.0
= 70
z Ta = 425°C
E 801, = 55°C lr
e 50 l
3,1 // / Ta - 11255C
5 = ; -
[ : /
= 30 ; P
Brzo / /
o2 74
%/
o L
o 100 200 00 400 500
Ve OUTPUT SATURATION VOLTAGE {mV)
Flgure 6. Quiput Sink Currenl versus
Quiput Saluratlon Vollage
Vee 240V
g 10k
R
Vi L\—’-.’\.E. 4
Vgt om—na—| o ,;\_’_‘:’ J SRy
AL - o

Rg = Sowrce Resistance

N I|"—T2>]|

Rl = A5
T1=72=0690C

Vee [ AL 72

Logic Device (4] k& =5
CtuF)

CHOS |1/4 MC14001 15 100
° : - * A2-R3=R4
T V4MC7a00 | 450 10 Al = R2IR3RY
Flgure 7. Driving Loglc Figure 8. Squarewave Osclllator

hitp://onsemi.com
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ULN2003 LNEAR NTEGRATED CRCUT

HIGH VOLTAGE AND HIGH CURRENT
DARLINGTON TRANSISTOR ARRAY

DESCRIPTION

The ULN2003 is a monolithic high vollage and high cutrent
Dartington iransislor arrays. It consists of seven NPN darlington
pairs tha! fealures high-vollage oulpuls wilh common-cathode
clamp diode for switching inductive loads. The colleclor-current
raling of a singte darlington pair is 500mA. The dardinglon pairs
may be parrleled for higher currenl capabilily. Applications include
relay drivers,hémmer drivers, lampdrivers, display drivers{LED gas
discharge)line drivers, and logic buffers,

The ULN2003 has a 2.7k2 series base resislor lor each
darlinglon pair for operation direclly with TTL or 5V CMOS DIP-16
devices.

FEATURES

* 500mA raled colleclor curreni{Single oulpul)

" High-vollage oulpuls: 50V

* Inpuls compalibale with various iypes ol logic.
* Relay driver application

LOGIC DIAGRAM SCHEMATIC(EACH CARLINGTON PAIR)
— \_J ]
1C
2¢
COM
ac o —o0
QUPUT C

L.
™

INPUT 13

%
>
>
>
>
>
>

(0

YWYOUW ANG EIECTRONILS CO LTD 1
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ULN2003 LNEAR NTEGRATED CRCUIT

ABSOLUTE MAXIMUM RATINGS(1a=25:c)

Characteristic Symbol Value Unil
Colletor-Emitier Vollage VCE 50 Vv
Input Voltage Vi 30 A
Peak Collector Cuirent lo 500 mA
Total Emiller-terminal oK 500 mA
Power Dissipation Pd 950 Tamb=25°C mwW

495 Tamb<85°C mw
Operaling Temperalwe Topr -20~ +85 ‘C
Slorage Temperaiuie Tsig 65 ~ +150 °C

Note: All volalge values are wilh repect to the emilier/subsirale lerminal E, unless otherwise noled.

ELECTRICAL CHARACTERISTICS(Ta=25:C unless olherwise specificd)

Test
Characleristic ) Symbol Test Conditions Min Typ Max | Units
Figure
VCE=2V,1c=200mA 2.4
On-slate Input Vollage 6 VHON) [VCE=2V lc=250mA, 2.7 v
VCE=2V,lc=300mA 3
I=250pA Ic=100mA 0.9 1.9
Colleclor-Emitler Saluration
5 VCE(SAT) I=350pA,lc=200mA 1 1.3 v
Vollage
I=500pA, lc=350mA 1.2 1.6
1 VCE=50V li=0 50
Collector Cutoff Current ICEX pA
VCE=50V . I1=0,Ta=70°C 100
Clamp Forward Veoltage 8 VE IF=350mA 1.7 2 v
VCE=50V,[C=500mA,
Ofll-slale Inpul Currenl 3 1{OFF) 50 65 LA
Ta=70°C
Inpul Current 4 ] Vi=3.85V 0.95 1.35 mA
YR=50V 50
Clamp Reveise Curent 7 IR LA
VR=50V, Ta=70°C 100
Input Capacilance - ClI Vi=0 f=1MHz 15 25 pF
Propagation delay ime, low-lo-
9 LPLH 0.25 1 Hs
high-level owpul
Prapagation delay time, high- )
pag y 9 ] {FHL 0.25 1 ps
to-lowdlevei outpul
High-level oulpul Voltage aller
o 10 VOH  |Vs=50V,10=300mA Vs-20 mv
switching

YWYOUWANG EIECTRONILS CO LTD 2
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LNEAR NTEGRATED CRCUTII

TEST CIRCUITS

Open VCE
Open
4__
ICEX
Fiqure 1 ICEX Test Circuit
Open  VCE
h
{olf)
——
IC

Figure 3 lI(olf} Test Circuit

Open

[ VCE Tlc

A\

Note: )l is fixed lor measuring VCE(sat),variable lor

measuring HFE.

Figure 5 HFE VCE(sal) Test Circuit

Open VCE

-+-—
ICEX

Figure 2 ICEX Test Circuit

Open

I{on)
—
Vi

Open

Figure 4 Il{on) Test Circuil

Open

b d
/:—I_TL Vi{on)
L4

Figure 6 Vi{on) Test Circuit

YWYOUWANG EIECTRONLS CO LTD 3
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VR .
L t
IR VF lIF
Open Open
Figure 7 IR Tesl Circuit Figure 8 VF Test Circuit
50% 50%
{PLH
QUTPUT ﬁ N /
50% ; 50%
Figure 9. Propagation Delay Time Waveforms
Vs
ngu
2mH
& 1N3064
Pulse 2000
Generalor o
{Nole A) &
= CL=15F
{Note B)
0% ]
15V
lnpul 10%
Culpu

<i0ns

Note: A. The Pulse generaloe has the lollawing characterislics: PRR=12.5kHz, Zo=5002
8. CL includes proble and jig capacilance.

Figure 10. Latch-up Test Circuil and Vollage Wavelorms

YWYOUW ANG EIECTRONIS CO LID
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LNEAR NTEGRATED CRCUT

TYPICAL PERFORMANCE CHARACTERISTICS

Coltector-Emitter saluration Voltage
vs. Collector Current

28
HEERR
3 0 Ta=2587 5
— 2 S
5 I=250ua | | £
2 CT s 2o
38 15 1=350pa  —be1] a3
s " % B
= = e U
28 T P £
o o1e _— - W
3 = 3
g > 05 "é = >
v Q
0
13 oo 200 360 400 500
Caillectar Currant, iz{mA)
Collector Current Vs. Inpul Current
03 LI | T 1 —_
| Ta=287 __‘k Vs=10V 2
— RL=iO0 A, =
< 400 ,/ <
5 / 5
= /¥ vemav €
§ Q
g / 5
3 i 3
3 10 s
(&)
£
L)
o =
¢ 50 100 150 200 22D

Input Currant, hiph)

Collector-Emitter saluralion Voltage
vs. Total Collector Current

{two darlington paralieted)
1] J
Ta=25C s
20 h 251]1JA!/
/]
1=250un & 17
15 L [
e Ve e
0 ’,45 1=500pA
o
65
0
0 200 40 600 ed) 1000

Totaj Collactor Current letol) {maA)

taximum Colector Current

Vs. Duty cycle
530 T
Ya-70t
NN RNE
HAY | d
300 N\ SN=2 |~
~_
" N \t=.J
NN
100 ]:]=7| \“"‘
I 1 1
N=Nurrbsr of Oulputs
Conducxiurrg Slmu'taneousr‘v
D A L M A 2 s
4] 20 40 80 a0 100

Duly Cycia, (%)
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SN74LS240 SN74L$24‘{_I_"_

Octal Buffer/Line Driver
with 3-State Outputs

The SN7415240 and SN74ES244 are Octal Buffers and Line
Drivers designed to be employed as memory address drivers, clock
drivers and bus-oriented transmiliers/receivers which provide
improved PC board density,

* lvsteresis m Inpuls to Improve Noise Margins
* 3.State Ouiputs Dove Bus Lines of Buffer Memory Address

Registers

* Input Clamp Diodes Limil ligh-Speed Termination ETecis

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unlt
Voo Supply Voltage 4.75 50 525 v
Ta Operaling Ambienl 1] 25 70 C
Temperature Range
tor Oulpul Current — High -390 mA
-15 mA
o Oulput Curtent — Low 24 mA
T Sercenducisr Components indasirer LLC 1933 1

December, 1999 — Rev. 6

ON Semiconductor

Focrnedy a Domsron of Aoloroda
htip:#fenseml.com

LOW
POWER
SCHOTTKY

PLASTIC
N SUFFIX
CASE 738

501G
DW SUFFIX
CASE 751D

ORDERING INFORMATION

56

Device Package Shipping
SN?4LS240N 16 Pin DIP 1440 UnitsBox
SNT7ALS2400W 16 Pin 2500/Tape & Reet
SN7ALS244N 16 Pin DiP 1440 Units/Box
SN74L5244DW 16 Pin 2500¢Tape & Reel

Pubiication Oider Number:

SN74LS5240/0



SN74L5240 SN74L5244

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

SN74LS 240
Yoo 26 1YY 2A1 1YZ 2R3 Y3 2A2 1Y4 2A1

(200w i1l s )Dal0a]hz] ]

D

L Lz JLs HaJEsJie JL: JisJLe TTe]

16 1AL 2¥4 A2 Y3 tA] W2 IAd 2Y1 GKD

SN74LS5244
Voo 26T IAC 1Y2 2R3 WA 2 14 2AY

=1l ]Dsl vl bs 1 Ds 10101021 [ ]

o
Lodlz JLa [ e]Ts Lo 107 T JUs JTr0]

16 1A1 2¥4 A2 %3 AT Y2 1A4 VT GHD

TRUTH TABLES

SN74LS240 SNT4LS244
IHPUTS INPUTS
ouTPUT - OUTPUT
16. 26 D 1G, 7G D
L L H L L L
L H L L H H
H X (2 H X z)

H = HIGH Valtace Level
1 = LOW Voltage Leve)
X = Immalaerial

Z = HIGH Impedance

htlp:flonsemi.com
2
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SN74L5240 SN74LS244

DG CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless olhenvise specified)

58

Limits
Symbol Parameter Min Typ Max Unit Test Condillons
Guaranleed Inpul HIGH Vollage for
Vin Inpul HIGH Vollage 20 W Al Inpuls
0.8 Guaranteed Input LO'W Vehage for
Vie Input LOW Vollage v AR Inpuls
V=V Mysteresis 0.2 0.4 v Ve ® MIN
Vi Input Clamp Diode Vollage -065 ] -15 v Voo =MIN, Iy =—18 mA
24 3.4 v Ve = MIN. Igy = -3.0 mA
Vou Outpint HIGH Vohage
20 v Ve = MIN, Iy = MAX
025 | 04 V | o =12ma Vee = Ve MIN,
Vou Oulpnit LOW Voltage Vig = Vi or Vi
0.35 05 v Ly =24 ynh, per Truth Table
loza Critput OF Cuirent HIGH 20 nA Voo = MAX. Vo =27V
loze Output Oft Cument LOW -20 A Vee = MAX Vo =04V
20 pA Voo = MAX V=21V
I Input HIGH Current
0.1 MmA | Vee = MAX, Viy=7.0V
e Inpul LOW Cuirent ~0.2 mA Voo = MAX, Vi =04V
los Qulput Shorl Circust Currenl {Note 1) | -40 -225 mA Voo = MAX
Pewer Supply Current
Tolal, Output HIGH 27
Total, Dutpul LOW L5240 44
lec L5244 a6 | ™ | Voo MAX
Total al HIGH Z L8240 50
LS244 54

AC CHARACTERISTICS (T, = 25°C, Ve = 5.0V)

Nole 1: Not mere than one oulpul should be shorted at a time, nor for more than 1 second.

Limils
Symbot Parameter Min Typ Max Unit Tesl Condilions

teLm Propagation Delay. Dala lo Qulpal 90 14

tent LS240 12 18 s

ey Propagalion Delay, Dala to Output 12 18 s C| =45 pF,
topL 15244 12 18 = 66T 1}
loz Outpul Enable Time 1o HIGH Level 15 23 ns

o Qutpul Enable Time to LOWW Levet 20 30 ns

terz Quiput Disable Time from LOW Leval 15 25 ns €, =50pF,
lorz Oulpul Disable Time frem HIGH Level 10 18 | ns R =667 1)

hitp:lionsemj.com
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#include<reg51.h>
unsigned char segment|] = {0x3f,0x06,0>;5b,0x4f,0x66,0x6d,0x7d,0x07,0x7f,0x6f};
int a,c,d,i,j,k,h,l,0,p,q=0;
mt b=1;

sbil MOTOR=P3"4;
shit SW1=P3/2;

sbil SW2=P3"3;

void timerl_isr(void);
void delay(unsigned int z);
void main(void)

{

while(1)

{

iflc>=1)

{

I=c-h;

Hld==1)

{

MOTOR-0;

}

else

{

MOTOR=1;

)

}

iSW2==0)

{

TMOD=0x10,
THI=0x00;
TLI=0x00,

TRI1=1;

ETIi=I,

60



EA=1;

}

if(SW1==0)

{

MOTOR=1;
TMOD=0x10;
THO=0x00;
TLO=0x00;
TRO=1:
ET0=1;

EA=];

}

delay(1);
PO=segmeni[k];
Pl=segmenl[i];
P2=segmentlj];
)

}

void external_isr{void) interrupt 3

61



TR1=0;

}

void external0_isr(void) interrupt
{
ht++;
ifth==1)

{

d=i;

}

TRO=0;

}

void delay(unsigned int z)
{

unsigned int x;

for(x=0; x<z, x++);

}

62
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