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Abstract

This project proposes utilization of signals from sonar and camera to apply for

navigation system of robot separated in two parts. For sonar system, sensing signals from sonar is

computed to determine the distance from objects and then create map for the navigation system of

robot for surveging tasks. For image processing,video signals are used in motion detection

process. Information obtained from the sensors will be employed to analyse position and type of

objects.
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dMFY Serial Port Control Register (SCON) wfhuSimmasfiannsndfadoya
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SMOD="0" LL1aZH15828 64 71 SMOD="1" sannsafmuald 1S Iaaes PCON Ui 7
¥ Y
MIATUIUIABATIUB ATANAMUAAY Timer 1 1501 A 0e NI

Buad Rate = 2°°°/32 0 AmA oscillator /(12D[256-TH1])

{ 3 ' =y = é 1 d’
Tagh  SMOD WusweaianielusIcaes PCON Feor1amaniiu 0 vise 1
TH1 emeluSiaasd TH1 198 %50 Reload Ave9nsiusan
Y

saupu 1ue9n1311A7 Baud Rate TuTvna 1uaz 3 aansaw laaadl

Baud Rate= Timer] Overflow Rate /32

f1 Baud Rate Crystal SMOD Tviwa | a1lu THI f1 Baud Rate A 184 Error
9,600 12.00 1 -7(F9H) 8,923 7%
9,600 11.059 0 -3(FDH) 9,600 0
2,400 11.059 0 -12(F4H) 2,400 0
1,200 11.059 0 -24(E8H) 1,200 0

3 o 3 { o = 1q 9 o T
A15199 2-1 A0 INANNATYYIUUIRMNFHUA Baud Rate AI91199)
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317 2-9 dnvazneuenye s SONAR MODULE jU SRF04

Voltage BV e ' .
Current - 130mA Typical /-50mA Max -
Frequency . 340KHz . oo

Maximum Range 3 m
Minimum Range Sem. = :
Sensitivity  iDetect a 3cm diameter stick at > 2'm

Input Trigger - -110uS Min. TTL level pulse S ]
{Echo Pulse Positive TTL level signal, width bropcsrﬁonal to range.

Weight : 0.4 oz. S o '
Size 175" wx0.625"hx0.5"d

715197 2-2 Specifications 194 SRF04

b2 1
SONAR MODULE ju SRF04 flagdnsilaseniiudesldreslousunm (Trigger
<) @ o dd ' d @ 1
Pulse)ifudaaawadniinnunieededos 10 ps uagaz lanAuazioundy (Bcho Pulse) #
a 1] o Jdd =2 ' 1 g9 o W A A
fvuanunavesiadf 100 ps 9 18 ms daulunsaelfauiiugl MODULE silutiiae

19U 5 41 aeg)

- SRFOZ
Connections

51% 2-10 ¥1¥ee ¥4 SONAR MODULE U SRF04
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141 2-11 Timing Diagram 484 SONAR MODULE U SRF04

970 Timming Diagram taraa i1 SRE04 dosmswadanie 10 pS Tums rig uaz

) r 9
o' ld5uns trig ud SRFO4 v2aenAY ultrasound 40kHz $1U3U 8 cycle oonlY  91AUY
r 9 @

= ' ] 1 1o t
SRF04 fi9z3® Bcho pulse wniiatazsily 36 ms wwasUin hilifaguneeg winiideg

\E=] o §
YINBYNILUTYY 1M NWINYY Echo Pulse

2.2.1 AD AN ISUNINIZIAAUVR B S(BEAM PATTERN)
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2.3 Wugrumstlszaawann

aany . I~ y e ¥ an
mydsziananIwAInen(image Processing) (Hunszuaumsmirdeyaninadaea
) o vy G ¥ o v A v '
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a . v [~ 1

MIAUTNMANVDIUN N (Image  Restoration) msutenmesntiuaiug  (Image
Segmentation) mMsulaann (Image Transforms) 4{AgNTT ﬁﬂé’ﬂg nm (Image Compression)

v 9 dy Ao Jd A A 9/ dy 9/ A [y an
Tuietiniingilszaed Ao Weadwiuguanudr lafonunmsdssuiananmddnen

v & g i 128 a3 ~ dy dy kY
aivliemea vy vaihuissiug e sau

2.3.1 ﬂizmﬂﬂﬁﬂizﬁ]miﬂl‘w(Types of Image Operation)
any [~ i o . U t
midszuananmateeaiiu - ATEUIUNINRINIT(Operation) A wee1elaveng
A ° 4 @ d [ o
nilaaen iU (Input Image) 1o 171G MHadWE Output Image) Nanvmuzvasn ity
Ay 2 o Aq an = [
MUNARIMT  FeMmInsgyimanmnlylums dssanan madnealio guinuieraleniy
{ (% o 9 v b
A lufmnugudnuuzinymMIuonuez YszinnuesnInszimann 92930 11131
o dA ° ' o 9
AsnaanzunmNaa NN ld nnmsnsginsidasiuy nTemsvrsnaanududeu
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V9INITNTETNINMIN NN 1%
o an v 9 d [
manszhnamilunsdszarananmatneaawisoutsesn laitlulssinniveq
3 Yszinm fie
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o ' . . o ' Y 1
1. ANINIERINTIANBYA(Point Operation) MINTTIINITULLL AIAMTNLEAS TS
} 4 v
azRnEAUeIN MRAdNT susumadutasvesina lunwitd o dumisianiy
v o A [ o dy by ' (3 N =) @
fuasginl ansazmsnszimnmdsunniilaun mrdfuanueain vse avmaudaves
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ANATABA AT UIN AU AU UAT YT NINATADA NI NITNITHINITNNATINAIEAT A1
Hhidu
4 < o ¥ Y4 o W 1 =) =1
0 f(xy) Uag glxy) WUMAWUUIWAZN ANAANTA NG 1D A1UDIRNIED glxy) 2l
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. . a o 1
§ryR®4s LA LLIEAD (Uniform Noise) st fudyanasununimanszanelu
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1 a<g<b

p(ghb-a
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Y . Q| Y Aa <]

Waz R I UNIULLLA (Impulse Noise) axtiudnanas unudiwnathuga 1y

3 ] ~ ° ] 5 9. i 4 ~ g}
TagazAsuminnuduia s sinea o dwvdailg Wnawanaie ldanAnesadiufos
Ay Y o o & o ¥ = o
Femanuduasniassiulaoun  sntuludnyusaruduiasiviuagsl (Salt and

o A an 9 ~ o 1 = o3| o A
Pepper) TuAnglnmAtneaszgnimeslaeiinsatsdumissgnifasuiiugad nie 9a

9
= . . 3 Aoy o
U TagRAsas LI (Noise Pixels) ﬂmumu']m'iUﬂ'JuLLﬂUﬁ L UWIAFUMINIT BN WANMT
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A [~ 1 @ ~
1310 a 1A b ITUATEA LN UAN
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2.3.4 nathneulIgdiy(Convolution)

msvhneuTigFuluFevesmstszanananmataen  anfunsnsginnsznig
awid fxy) Aumne NN iffe N ifuaviwnugiulanfy mnda (Mask) m(xy) Faau Ty
awdtvie MM e M ifuaviousilen alnfzfuaed) wazlvuedesnh N
IR 19U 3%3 545,757 9%9 w3e 11*11 1Hudu naswsau e e A g minmsiney

1 £
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Y 1 =Y o t o o d -G Y
Tagtu agldmmnuduuavesinma g o, SWHULATIAUYBINITHNATAT glx,y) Al
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2.3.5 Mmsnsesdeanam IWlulama (Image Filtering in Time Domain)
[ . . o) =Y § 1
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Y v t 0 [ Qo o 3 =Y
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SRF04 - Ultra-Sonic Ranger

Technical Specification

This project started after I looked at the Polaroid Ultrasonic Ranging module. It has a number of disadvantages
for use in small robots etc.

The maximum range of 10.7 metre is far more than is normally required, and as a result
The current consumption, at 2.5 Amps during the sonic burst is truly horrendous.

The 150mA quiescent current is also far too high.

The minimum range of 26¢cm is useless. 1-2cm is more like it.

The module is quite large to fit into small systems, and

It's EXPENSIVE.,

Sk

The SRF04 was designed to be just as easy to use as the Polaroid sonar, requiring a short trigger pulse and
providing an echo pulse. Your controller only has to time the length of this pulse to find the range. The
connections to the SRF04 are shown below:

Connections

The SRF04 Timing diagram is shown below. You only need to supply a short 10uS pulse to the trigger input to



start the ranging. The SRF04 will send out an 8 cycle burst of ultrasound at 40khz and raise its echo line high. It
then listens for an echo, and as soon as it detects one it lowers the echo line again. The echo line is therefore a
pulse whose width is proportional to the distance to the object. By timing the pulse it is possible to calculate the

range in inches/centimeters or anything else. If nothing is detected then the SRF04 will lower its echo line
anyway after about 36mS.

SRFO4 Timing Diagram
Trigger Fulse
10uS Min
Trigger Input
To hodule
8 Cycle
Sonic Burd Allow 10mS Fram
End of Echo To Next
Sonic Burst Trigger Pulse
From Module
Mote. Echa Pulse
TnElﬁggr%llrﬁﬁ]SnggJit Echo Pulsa is Approx. 3I6mS
100uS tao 18mS if no Object Detected

Here is the schematic, You can download a better quality pdf (161k) version srfl.pdf



uec

Sanic Range Finder )
SRFB4 ¢ uce R3 _ TR
o &E ?]i ’

PL1 ucc S1232¢D

rﬁ Gno wee L6
11 14

TxX1 —> TX1

Bk
k

1
R4
0

aPd

Echo
Irig GP@ GPS

L
g
Do Mot Connect w3 GpPa|-3 TrE — Tre
P2 8
e il ]
wee PIC12C588 . é <
be o

N

=~

ny fe

N 4
-
]
~J

s [0 o

«

o
kel -
ol 18V __ 5 .6 1y U
BARS3B
= § ted
T8 578 sl o e o =5
& A vTe
RG
— 3
a2k
uec Di R1
1N 1
1] T
- BRYIB 47R
v
v
. ICA 4
LP31L |, RB R9 R1@ R12 c9 , himsi
i + — g — — - i} Z -
b ba 1.2 36k ez ez 18Bn X
o] w ’v
LMCER32
— -1BV 6
ommc  [l=
P 5 iy 7 n -
IC3
——

LMCEB32 Pin 4 Connected to -18¢
Pin 8 Connected to Ucc

The circuit is designed to be low cost. It uses a PIC12C508 to perform the control functions and standard 40khz
piezo transducers. The drive to the transmitting transducer could be simplest driven directly from the PIC. The
Sv drive can give a useful range for large objects, but can be problematic detecting smaller objects. The
transducer can handle 20v of drive, so I decided to get up close to this level. A MAX232 IC, usually used for
RS232 communication makes and ideal driver, providing about 16v of drive.

The receiver is a classic two stage op-amp circuit. The input capacitor C8 blocks some residual DC which
always seems to be present. Each gain stage is set to 24 for a total gain of 576-ish. This is close the 25
maximum gain available using the LM 1458. The gain bandwidth product for the LM 1458 is 1Mhz. The
maximum gain at 40khz is 1000000/40000 = 25. The output of the amplifier is fed into an LM311 comparator.
A small amount of positive feedback provides some hysterisis to give a clean stable output.

The problem of getting operation down to 1-2cm is that the receiver will pick up direct coupling from the
transmitter, which is right next to it. To make matters worse the piezo transducer is a mechanical object that
keeps resonating some time after the drive has been removed. Up to ImS depending on when you decide it has
stopped. It is much harder to tell the difference between this direct coupled ringing and a returning echo, which
is why many designs, including the Polaroid module, simply blank out this period. Looking at the returning
echo on an oscilloscope shows that it is much larger in magnitude at close quarters than the cross-coupled
signal. I therefore adjust the detection threshold during this time so that only the echo is detectable. The 100n
capacitor C10 is charged to about —6v during the burst. This discharges quite quickly through the 10k resistor
R6 to restore sensitivity for more distant echo’s.

A convenient negative voltage for the op-amp and comparator is generated by the MAX232. Unfortunately, this



also generates quite a bit of high frequency noise. I therefore shut it down whilst listening for the echo. The
10uF capacitor C9 holds the negative rail just long enough to do this.

In operation, the processor waits for an active low trigger pulse to come in. It then generates just eight cycles of
40khz. The echo line is then raised to signal the host processor to start timing. The raising of the echo line also
shuts of the MAX232. After a while — no more than 10-12mS normally, the returning echo will be detected and
the PIC will lower the echo line. The width of this pulse represents the flight time of the sonic burst. If no echo
is detected then it will automatically time out after about 30mS (Its two times the WDT period of the PIC).
Because the MAX232 is shut down during echo detection, you must wait at least 10mS between measurement
cycles for the +/- 10v to recharge.

Performance of this design is, I think, quite good. It will reliably measure down to 3cm and will continue
detecting down to 1cm or less but after 2-3c¢m the pulse width doesn’t get any smaller.

Maximum range is a little over 3m. As and example of the sensitivity of this design, it will detect a linch thick
plastic broom handle at 2.4m.
Average current consumption is reasonable at less than 50mA and typically about 30mA.

Download the source code and a ready assembled hex file.

Calculating the Distance

The SRF04 provides an echo pulse proportional to distance. If the width of the pulse is measured in uS, then
dividing by 58 will give you the distance in cm, or dividing by 148 will give the distance in inches. uS/58=cm
or uS/148=inches.

Changing beam pattern and beam width

You can't! This is a question which crops up regularly, however there is no easy way to reduce or change the
beam width that I'm aware of. The beam pattern of the SRFO04 is conical with the width of the beam being a
function of the surface area of the transducers and is fixed. The beam pattern of the transducers used on the
SRF04, taken from the manufacturers data sheet, is shown below.

There is more information in the sonar faq.



Update - May 2003

Since the original design of the SRF04 was published, there have been incremental improvements to improve
performance and manufacturing reliability. The op-amp is now an LMC6032 and the comparator is an LP311.
The 10uF capacitor is now 22uF and a few resistor values have been tweaked. These changes have happened
over a period of time.

All SRF04's manufactured after May 2003 have new software implementing an optional timing control input
using the "do not connect” pin. This connection is the PIC's Vpp line used to program the chip after assembly.
After programming its just an unused input with a pull-up resistor. When left unconnected the SRF04 behaves
exactly as it always has and is described above. When the "do not connect" pin is connected to ground (0v), the
timing is changed slightly to allow the SRF04 to work with the slower controllers such as the Picaxe. The
SRF04's "do not connect” pin now acts as a timing control. This pin is pulled high by default and when left
unconnected, the timing remains exactly as before. With the timing pin pulled low (grounded) a 300uS delay
is added between the end of the trigger pulse and transmitting the sonic burst. Since the echo output is not raised
until the burst is completed, there is no change to the range timing, but the 300uS delay gives the Picaxe time to
sort out which pin to look at and start doing so. The new code has shipped in all SRF04's since the end of April
2003. The new code is also useful when connecting the SRF04 to the slower Stamps such as the BS2. Although
the SRF04 works with the BS2, the echo line needs to be connected to the lower numbered input pins. This is
because the Stamps take progressively longer to look at the higher numbered pins and can miss the rising edge
of the echo signal. In this case you can connect the "do not connect” pin to ground and give it an extra 300uS to
get there.



Features

« Compatible with MCS-51™ Products

» 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

* 32 Programmable /O Lines

* Two 16-bit Timer/Counters

* Six Interrupt Sources

* Programmable Serial Channel

+ Low-power Idle and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash 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 allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.
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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 logic
for operation down to zero frequency and supports two
software selectable power saving modes. The [dle 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-directional /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 also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

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

Port 1

Port 1 is an 8-bit bi-directional 1/O port with internal pullups.
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 internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (|, ) because of the internal pulfups.

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

Port 2

Port 2 is an 8-bit bi-directional 1/O port with internal pullups.
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 externally 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 external 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 1/O port with internal 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 internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) 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)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 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 external 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

AIINEL 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 8EH. With the bit set, ALE is active only dur-
ing a 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 AT89C51 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.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory 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 also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

Input to the inverting oscillator ampilifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator ampiifier.

Oscillator Characteristics

XTAL1 and XTALZ2 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, XTALZ2 should be left

unconnected while 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 internal 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 idle 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 internal 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 ldle is terminated by
reset, the instruction following the one that invokes idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

XTALZ

XTALY

,,;3}...““..‘“

Note: C1,C2 =30 pF £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 PORTO PORT1 PORT2 PORT3
ldie Internal 1 1 Data Data Data Data
idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

4 AT89C51 e



Figure 2. External Clock Drive Configuration

NG e XTALZ
EXTERNAL
OSCILLATOR ———  KTAL1
SIGNAL
— GND
|

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 V.
is restored to its normal operating level and must be held
active 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 value until reset is activated. It 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
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

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

3 P P U Same as mode 2, also verify is disabled

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

AlNEL 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-voit) or a low-voltage
(Vee) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
ATB89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage 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 AT89C51 AT89C51

XXXX XXXX-5

yyww yyww
Signature (O30H) = 1EH (030H) = 1EH

(031H) = 51H (031H) =51H

(032H) =F FH (032H) = 05H

The AT89C51 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 control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.

1. Input the desired memory location on the address
lines.

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

Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

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

w

and data for the entire array or untit the end of the
object file 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, frue data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
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 address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash 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 low. The values returned 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 control 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 microcontroller series. Please contact your local
programming vendor for the appropriate software revision.
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Flash Programming Modes

AT89C51

Mode RST PSEN ALE/PROG EA/Vp, | P26 | P27 | P36 | P37
Write Code Data H L H/12V L H H H
—~
Read Code Data L H H
Write Lock Bit- 1 L H/12V H H
—~
Bit - 2 H L H/12V H H L L
-~
Bit-3 H L H/12V H L H L
—~_
Chip Erase H L 1) H/12V H L L L
-~
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 +5V
AT89CE1 Q ATBICS51 o
y A : - |
ADDR. A0 ATyl by S ADDR, 202y by Voe |
OOOOCH/OFFFH | PGM QOQOOH/OFFFH | R PGM DATA
! P20 - P23 < nara ' P20 - P23 PO [+ (USE 10K
A8 - A1 i AB - A1 PULLUPSS
i P25 i P28 i
SEE FLASH — i P27 <« PROG SEE FLASH —p P27 ALE
PROGRAMM?NGMJ; L PROGRAMMING— - |
MODES TABLE | — ¥ P3.8 MODES TaBLE | —#) F3.8 oV
_—p S5 — s P3.7 P
............. G XTALZ EA g Vil Ve T XTaL? EA lg
324 MHz | o 3-24 MHz = L
403 - =
& S XTAL PR Vi —$w—i XTAL1 RST }g—— Vi
&— GND SEN | &—| GND PSEN |——
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P17 PROGRAMMING . VERIFICATION
PO . P23 ADDRESS — ADDRESS
— = Lason
PORY 0 DATA IN ) " DATA OUT | —— e
> oo lenpx =
Lavar * 1 tonax
ALE/PROG ‘
v, > " ferst
GLG
,,,,,,,, 1T VYep L LOGIC 1
EAN s I e L A We'c” (o3 s B
—»] —tepse | e > g
P2.7 | " feay b e e
(ENABLE) / | 1
5' foppL ¥ - : z
F3.4 : l
(ROY/BSY) N BUSY ; READY
ety

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

P1.0 - P17
P20 - P23

PORY O

ALE/PROG

EAN s

P27
(ENABLE)

(RDY/BSY)

PROGRAMMING | VERIFICATION
ADDRESS ADDRESS
vvvvvvvvvv > S Ny
—y CBATR GUT e
v tonox ¢
bavar &> * lonax
N
S = lglon—*
LOGIC 1
B ) T teraz
EHSH teqy s e - * lgkaz
| '
“ fonpe —*
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Flash Programming and Verification Characteristics
Ta =0°C t0 70°C, Ve = 5.0+ 10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.5 12.5 \
Ipp™ Programming Enable Current 1.0 mA
Mool Oscillator Frequency 3 24 MHz
taver Address Setup to PROG Low 48tc L

teHAX Address Hold after PROG 48t o1

tovaL Data Setup to PROG Low 48t o

taHDx Data Hold after PROG 48te o1

temsH P2.7 (ENABLE) High to Vpp 48tc o1

tsmcL Vpp Setup to PROG Low 10 Hs
tons " Vpp Hold after PROG 10 HS
toLeH PROG Width 1 110 us
tavay Address to Data Valid 48tc oL

teLav ENABLE Low to Data Valid 48te oL

tenaz Data Float after ENABLE 0 48te o1

tomaL PROG High to BUSY Low 1.0 Hs
twe Byte Write Cycle Time 20 ms

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

AIMEY




Absolute Maximum Ratings*

AIMEL

Operating TEMPErature ..........coveeeeceereeemeeens -55°C to +125°C *NOTICE:
Storage Temperature .........coocverrrevenveerenssans -65°C to +150°C

Voltage on Any Pin

with Respect to Ground ..........ccccevemviiniiiicnnn. -1.0V to +7.0V

Maximum Operating Voltage ......ccccveeciinnnnicciinnnininiicencinns 8.6V

DC Qutput CUITENL......eic i st 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
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 Vee-0.1 \Y
Vi Input Low-voltage (EA) -0.5 0.2 Ve-0.3

Vi Input High-voltage (Except XTAL1, RST) 0.2Vec+ 0.9 Vee+ 05 \

A Input High-voltage (XTAL1, RST) 0.7 Vee Vee+ 05 \

Voo Output Low-voltaget" (Ports 1,2,3) loL = 1.6 mA 0.45 \

Output Low-voltage(" _

Vous (Port 0, ALE, PSEN) o, = 3.2 mA 0.45 v

lon = -60 PA, Voe = 5V £10% 2.4 \
Output High-voltage _

Von (Ports 1,2,3, ALE, PSEN) on = -25 HA 0.75 Vee v
lon = -10 pA 0.9 Ve \%
lon = -800 PA, Voo = 5V £10% 24 \

Output High-voltage _

Vonr (Port 0 in External Bus Mode) low = 300 pA 0.75 Voo v
lon = -80 pA 0.9 Vg \

I Logical 0 Input Current (Ports 1,2,3) Vi = 045V -50 HA

Logical 1 to 0 Transition Current _ _ o

= (Ports 1.2.3) Vi = 2V, VCC = 5V +10% -650 BA

Iy Input Leakage Current (Port 0, EA) 0.45 <V < Ve +0 BA

RRST Reset Pull-down Resistor 50 300 KQ

Cio Pin Capacitance Test Freq. =1 MHz, Ty = 256°C 10 pF
Active Mode, 12 MHz 20 mA

Power Supply Current
Idle Mode, 12 MHz 5 mA
lec
Vee = 6V 100 A
Power-down Mode?
Ve = 3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, Ig_ must be externally limited as follows:

Maximum lg_ per port pin: 10 mA

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

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If 1o, exceeds the test condition, Vo, 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.
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AC Characteristics

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

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
ool Osciilator Frequency 0 24 MHz
b hLL ALE Pulse Width 127 2t o140 ns
taviL Address Valid to ALE Low 43 toic-13 . ns
t Lax Address Hold after ALE Low 48 tor o 20 ns
tv ALE Low to Valid Instruction In 233 4t ¢ -65 ns
tpL ALE Low to PSEN Low 43 tera-13 ns
tor pu PSEN Pulse Width 205 3tg 120 ns
teLv PSEN Low to Valid Instruction in 145 3te 45 ns
tpyix Input Instruction Hold after PSEN 0 0 ns
toxiz Input Instruction Float after PSEN 59 torc-10 ns
toxay PSEN to Address Valid 75 to o8 ns
taviv Address to Valid Instruction In 312 5t ¢ =55 ns
tpi Az PSEN Low to Address Float 10 10 ns
tri R RD Pulse Width 400 Btc i-100 ns
- WR Pulse Width 400 Bty ¢ 100 ns
triov RD Low to Valid Data In 252 Sty ¢ -90 ns
trupx Data Hold after RD 0 0 ns
trupz Data Float after RD 97 2tq o128 ns
t oy ALE Low to Valid Data in 517 8to o -150 ns
tavov Address to Valid Data In 585 Mg -165 ns
towe ALE Low to RD or WR Low 200 300 3te o -50 3tg, o +50 ns
tavwi Address to RD or WR Low 203 Aty o -75 ns
tovix Data Valid to WR Transition 23 terc-20 ns
toveH Data Valid to WR High 433 TtoLc~120 ns
tvmox Data Hold after WR 33 to o -20 ns
traz RD Low to Address Float 0 0 ns
tyvrLH RD or WR High to ALE High 43 123 tor 20 toa+25 ns

AIMEL
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External Program Memory Read Cycle

“t = tLL!\/
¥ LLPL %

PSEN N L t!:|_|\j

! $+
P Az

! texiz

Lo

PORT 0 e AD - A7 - INSTRIN b > AD-AT <
e tAV!\.: ”””””””””””” L
PORT 2 AB-A15 AR - A1S
External Data Memory Read Cycle
e L |

* ) iWHL{'E

- < Yooy >

S TRV >

b ——

tRHDZ

tRLDV

— li,tﬂ\‘ﬂ.fLL_"’

oz —

P tF2I—§D>(

AQ - A7 FROM PCL >— INSTR IN

PORT 0 __ >KA0 - A7 FROM RI OR DPLY K < DATA IN

oo t!\'\:’\,’VL ---------------------- )
% tA‘\.-’D‘\."
PORT 2 P20 - P27 OR AS - A15 FROM DPH < A8 - A15 FROM PCH
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External Data Memory Write Cycle

e ]
i
AE
PSEN /
— .
e g —e— by —
WR PN
e b —] tavwx -~ > 1 twpax
— tavn —

DATA 0UT X (A0 - A7 FROM PCL>—{INSTR IN

s

PORT 0 __ > AC - A7 FROM Rl OR DPL

e by, %]

PORT 2 ) P20 - P27 OR A8 - A1S FROM OPH A8 - A15 FROM PCH

External Clock Drive Waveforms

k,. Aepy s»j;
- —* “ bna
L E )
1/ ¢
e ;/ i
o % Y
*CLCL i
External Clock Drive
Symbol Parameter Min Max Units
1eLal Oscillator Frequency 0 24 MHz
tolcol Clock Period 41.6 ns
tehex High Time 15 ns
terex Low Time 15 ns
toicn Rise Time 20 ns
teneL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
by xL Serial Port Clock Cycle Time 1.0 124c oL us
tovxH Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns
txHax Output Data Hold after Clock Rising Edge 50 2to o -117 ns
txHDxX Input Data Hold after Clock Rising Edge 0 0 ns
tyHov Clock Rising Edge to Input Data Valid 700 10t ¢ -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION [ a0 T R - S S-S TR S S-S T . e B
ae U _JL_J:_ MpiipisNalisiniiniisliniintl
!*_‘N *‘(L\L
cLOCK | ] | I I LI
SQvxH ‘4 s | . ‘
— [ LRox
WRITE TO SBUF o | > 113 2 X3 X 4 8 X 8 X_1 7
‘;’ Eas Q L
OUTPUT DATA by xHox seT T ]
. CLEARRI | <aug< )\g,_.;\/_\\ C oG e aun_ o
2
INPUT DATA SET RiT
: 1
AC Testing Input/Output Waveforms"  Float Waveforms(")
Vep- 1)y P— _‘_02 ‘/“{‘ TS % // .................... VLOAD+ oy VO;_‘ 01y
TEST POINTS Vigap ——————  Timing Reference N\
/ . . at N Points /
045V 0.2 Voo - 1V Voag O chf 2.1V

Note: 1. AC Inputs during testing are driven at V¢ - 0.5V for a
logic 1 and 0.45V for alogic 0. Timing measurements
are made at Vy;min. for a logic 1 and V| max. for a

logic 0.

For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaded Vg,/Vg level oceurs.

Note: 1.
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Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Operation Range
12 5V £20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16JI 444 (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
20 5V £20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P86
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20JI 44J (-40°C to 85°C)
AT89C51-20P1 40P86
AT89C51-20Q 44Q
24 5V +£20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44J {(0°C to 70°C)
AT89C51-24PC 40P86
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J1 444 (-40°C to 85°C)
AT89C51-24PI 40P86
AT89C51-24Q1 44Q
Package Type
44A 44-lead, Thin Plastic Gult Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600” Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*
JEDEG STANDARD MS-026 ACB

PIN 11D —.

0.45(0.018)

0.80(0.031) BSC T G.an05612)

8Q

5] et

0.40(C.394)
- 30(0 336)

— 1.20{0.047} MK

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

U45{1.14) X 45° N NO. 1 045{1.14) X 30° - 45°
¢ i

=

_;1:4;'

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

B e
i el e 00(2.29)
| |

e 1.900{48.26) REF ——=] MAX

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

050 {0.020)
| 03500

o
0.17 (0.007) 7
0.13 (6.005) i

- .25 [0.G10) MAX

Controlling dimension: millimeters
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Configuration
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§
Ex

o i  Switeh Z ; GN 4800 BPS Disabie
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Bvﬁrch 4 R@sw&d
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Lyz 305 THOMSON

L293D

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

1 600mA. OUTPUT CURRENT CAPABILITY PER
CHANNEL

» 1.2A PEAK OUTPUT CURRENT (NON
REPETITIVE) PER CHANNEL

= ENABLE FACILITY
» OVERTEMPERATURE PROTECTION

s LOGICAL "0” INPUT VOLTAGE UP TO 1.5v
(HIGH NOISE IMMUNITY

s INTERNAL CLAMPS DIODES

DESCRIPTION

The L293D is a monolithic integrated high voitage,
high current four channel vriver designed to accept
standard DTL or TTL logic levels and drive induc-
tive loads (such as relays solenoides, DC and
stepping motors) and switching power transistors.

To simplify use as two bridges is pair of channels
is equiped with an enable input. Aseparate supply
innput is provited formthe logic, allowing operation
at a low voltage and internal clamp diodes are
included.

PRELIMINARY DATA

Powerdip
124242

ORDERING NUMBER : L293D

This device is suitable for use in switching applica-
tions at frequencies up to 5 KHz.
The L293D is assembled in a 16 lead plastic
packege which has 4 center pins connected to-
gether and used for heatsinking.

BLOCK DIAGRAM
Vs oUT1 OUT3 Vss
01 I
8 vy {3 N Ve 16
N1 —CO N3
ENABLE ' O—1—= —O ENABLE 2
w204 — —O IN&
4,5,12)3 6 Vi L 293D
L Cb (5 5.8573
QUT2 OUT 4

October 1991
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L293D

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply Voltage 36 \4
Vss Logic Supply voltage 36 \
Vi Input voltage \4
Ven Enable voitage \'
lo Peak output current (100us non repetitive) 12 A
Piot Total power dissipation at Tgsound-pins = 80°C 5 w
Tstg, Tj Storage and junction temperature -40 to 150 °C
CONNECTION DIAGRAM
A
EwaBLE [|1 Bl Vs
meutt [Iz2 is[] P
outeutt [ja wull outeur 4
GND [ &4 13 GND
GND Is 2f] eno
outeur e e uf] outeura
weuwrz |7 w]] mputa
Vs i3 o] EMaBLE 2
S5_p5TL
THERMAL DATA
Symbol Parameter Value Unit
Rth-j-case | Thermal resistance junction-case max 14 °C/W
Rth j-case | Thermal resistance junction-ambient max 80 °C/W
2/6
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L293D

ELECTRICAL CHARACTERISTICS (For each channel, Vs =24V, Vs = 5V, Tamy = 25 °C, unless

otherwise specified)

Symbol Parameter Test conditions Min. Typ. Max. Unit
Vs Supply voltage Vss 36 \'
Vss Logic supply voltage (pin 16) 45 36 \'

Is Total quiescent supply Vi=L  1o=0 Ven=H 2 6
current (pin 8) Vi=H 1o=0 Ven=H 16 24 mA
Ven = 4
Total quiescent logic supply = - -
Iss current (pin 16) Vi=L  $=0 Ven=H 44 60
mA
Vi=H 10=0 Ven=H 16 22
Ven=1L 16 24
Input low voltage
Vi | (pin2, 7, 10, 15) -03 15 M
Input high voltage
Vi (pin 2, 7, 10, 15) Vs 7V 23 Vss v
Vss > 7V 2.3 7
Low voltage input current _
e} (pin2,7, 10, 15) ViL=1.5V -10 MA
| High voltage input current 23< Vit < Vee 0.6V 30 100 LA
H (pin 2, 7, 10, 15) 9% VIH = Vss U
VenL Enable low voltage (pin 1, 9) -0.3 1.5 \
VenH Enable high voltage (pin 1, 9) Vs <7V 2.3 Vss v
Vss 7V 23 7
Low voltage enable current
ot | (oin 1, 9) 9 Ven. = 1.5V -30 -100 pA
ionH High voitage enable current 2.3V < Vern < Ves -0.6V +10 pA
{pin 1, 9)
Source output saturation _
VeEsatt voltage (pin 3, 6, 11, 14) lo = -0.6A 1.4 1.8 \
Sink output saturation voltage
VeEsatL (pins 3, 6, 11, 14) lo +0.6A 1.2 1.8
Vg Clamp diode forward voltage lo =600 mA 1.3 \Y
1 Rise time (¥) 0.1100.9 V, 250 ns
s Fall time (%) 0.9 t0 0.1 Vo 250 ns
ton Turn-on delay (*) 0.5V;t0 0.5V, 750 ns
tofr Turn-off delay (*) 0.5Vito 0.5V, 200 ns
(") See fig.1
3/6
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L293D

TRUTH TABLE (One channel)
INPUT ENABLE (*) OUTPUT
H H H
L H L
H L z
L L Z

Z = High output impedance

(*) Relative to the considered channel

Figure 1. Switching Times

asy;

¥y 2

!

- 0.9V,

- 0.5V,

—i E D_‘IVQ

Yo1r

S 4171
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L293D

POWERDIP PACKAGE MECHANICAL DATA

DI mm inch
MiN. TYP. MAX. MIN. TYP. MAX.
al 0.51 0.020
B 0.85 1.40 0.033 0.055
b 0.50 0.020
b1 0.38 0.50 0.015 0.020
D 20.0 0.787
E 8.80 0.346
e 2.54 0.100
el 17.78 0.700
F 7.10 0.280
1 5.10 0.201
L 3.30 0.130
z 1.27 0.050

£ SGS-THOMSON 5/8
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L293D

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express

written approval of SGS-THOMSON Microelectronics.

© 1994 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil -France - Germany - Hong Kong - ltaly - Japan - Korea - Malaysia - Maita - Morocco - The Netherlands - Singapore -
Spain - Sweden - Switzerland - Taiwan - Thaliand - United Kingdom - U.S.A,
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SGS-THOMSON ULN2001A-ULN2002A
MICROELECTRONICS ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

= SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

= OUTPUT VOLTAGE 50V

» INTEGRAL SUPPRESSION DIODES FOR IN-
DUCTIVE LOADS

» OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

a TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

= INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULN2004Aare high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channelis
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.

The four versions interface to all common logicfami-
lies:

ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS

ULN2002A 14-25V PMOS

ULN2003A 5V TTL, CMOS

ULN2004A 6—15V CMOS, PMOS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003Aand 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

April 1993

DIP16 (0.25)
(Plastic Package)

ORDER CODE : ULN2001A/2A/3A/4A

§016

ORDER CODE: ULN2001D/2D/3D/4D

PIN CONNECTION

1 16 OUT 1
2 15 QUT 2
3 14 OUT 3
I3 13 OUT 4
b
5 12 OUT §
6 11 OUT 6
7 10 QUT 7
8 g COMMON FREE

WHEELING DIODES

5-197711
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

. EACH DRIVER 5-1684
Series ULN-2001A Series ULN-2002A
(each driver) (each driver)
‘[—N—'OCDH
27k —OwT
IN l
" 1
I
i T2K0 3k *
: |
L - ——————~——— -4
EACH DRIVER S-1e89
Series ULN-2003A Series ULN-2004A
(each driver) (each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol arameter Value Unit
Vo Output Voltage 50 \'
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 \Y
le Continuous Collector Current 500 mA
Iy Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range ~ 20 to 85 °C
Tstg Storage Temperature Range —~ 55 to 150 °C
T; Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 SO16 Unit
Rih j-amb Thermal Resistance Junction-ambient Max. 70 165 °C/W

217
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Current Vce = 50V 50 A 1a
Tamb = 70°C, Vce = 50V 100 uA 1a
Tamb = 70°C
for ULN2002A
Vce = 50V, Vi = 6V 500 pA | 1b
for ULN2004A
Vce = 50V, Vi= 1V 500 pA | 1b
VcE(sat Collector-emitter Saturation Ic = 100mA, Is = 250uA 0.9 11 \) 2
Voltage lc = 200 mA, Ig = 350uA 1.1 1.3 \ 2
lc = 350maA, Ig = 500uA 1.3 16 \ 2
liton) Input Current for ULN2002A, V; = 17V 0.82 125 | mA 3
for ULN2003A, V; = 3.85V 0.93 135 | mA 3
for ULN2004A, V; = 5V 0.35 0.5 mA 3
Vi=12V 1 145 | mA 3
lifoff) Input Current Tamp = 70°C, Ic = 500uA 50 65 ULA 4
Vi(on) lnput Voltage Vee = 2V \ 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
lc = 200mA 24
lc = 250mA 27
lc = 300mA 3
for ULN2004A
lc = 125mA 5
ic = 200mA 6
lc = 275mA 7
lc = 350mA 8
hre DC Forward Current Gain for ULN2001A
Vee = 2V, Ic = 350mA 1000 2
Ci Input Capacitance 15 25 pF
tpLH Turn-on Delay Time 0.5 Vito 0.5V, 0.25 1 us
teHL Turn-off Delay Time 0.5 Vito 0.5V, 0.25 1 us
IR Clamp Diode Leakage Current | Vg = 50V 50 HA 6
Tamb = 70°C, Vg = 50V 100 pA 6
Ve Clamp Diode Forward Voltage Ir = 350mA 1.7 2 \ 7
317
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN Ve OPEN  YcE
i
CEX
5-572%
Figure 2. Figure 3.
OPEN OPEN
ic
heg s
1 !
) Ye Ll o
Vi =
5- 1980 l 5-~1986
Figure 4. Figure 5.

l 5-5728

5-1987

Figure 7.

Figure 6.

YR
OPEN

$-5727

OPEN

5-1983

477

(57 SGS-THOMSON
S/ A nnla it




ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIP16 PACKAGE MECHANICAL DATA

al 0.51 0.020

B 0.77 1.65 0.030 0.065
b 0.5 0.020

b1 0.25 0.010

D 20 0.787
E 8.5 0.335

e 2.54 0.100

ed 17.78 0.700

F 71 0.280
| 5.1 0.201
L 3.3 0.130

Z 1.27 0.050
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

S016 PACKAGE MECHANICAL DATA

A 1.75 0.069
al 0.1 0.25 0.004 0.009
a2 16 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
C 0.5 0.020

cl 45 (typ.)

D 9.8 10 0.386 0.394
E 5.8 6.2 0.228 0.244
e 1.27 0.050

e3 8.89 0.350

F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.62 0.024
S 8 (max.)
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