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“eatures
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 1/O Lines
Two 16-Bit Timer/Counters

Six Interrupt Sources
Programmable Serial Channel
Low Power Idle and Power Down Modes

Jescription

"he AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
ytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
levice is manufactured using Atmel’s high density nonvolatile memory technology
ind is compatible with the industry standard MCS-51™ instruction set and pinout. The
mn-chip Flash allows the program memory to be reprogrammed in-system or by a con-
rentional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
‘lash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
yrovides a highly flexible and cost effective solution to many embedded control appli-

:ations. .
{continued)
%in Configurations PDIP
P1.0c)s Evcc
P1.1¢] 2 PO.0 (ADO)
P23 5 PO.1 (AD1)
P1.3 g4 |3 0.2 (AD2)’
P1L.4CTS (5 P0.3 (AD3)
P1.5C] 6 1 PO.4 (ADA4)
Pr.ec]7 b P05 (ADS)
P1.704 8 5. P0.8 (ADS)
RST o :;%7 (AD7)
(RXD) P3.0 VPP
PQFP/TQFP (TXD) P3.1 gALEIFR'D'G
4= 113 (TNTT) 3.2 ) PSER
cooa (TNTT) P3.3 1 P2.7 (A1S)
INDEX LL2< (T0) P3.4 0 P2.6 (A14)
«m - - o (T1) PIS b P2.5 (A13
CORNER e aZ2u825328 (WF) P38 [ P2.4 :Mz;
\ astoaz>a0aa (RD) P3.7 5 P2.3 (A11)
XTAL2 ) P2.2 (A10)
444272, 1105638, 563534 XTAL1 D P2.1 (A9)
P1.5 3 1 33 9P0.4 {AD4) aND 5 P2.0 (AB)
P1.6 J 2 32 f1P0.5 (ADS) J
P1.7 3 31 3 P0.6 (ADB) 2
RST ] 4 30 1 PO.7 (AD?) PLCC
(RXD) P3.0 (] 5 20 B EA/vPP Sermo
Ne [ 6 28 BINC Qnoo
(TXD) ::.; o7 27 D ALE/PROG LE5.9.
TNTD) .28 26 0 PSEN INDEX -
TNTT) 3.3 038 25 [5P2.7 (A15) CORNER ~2 "2, 8 G oa
(to) P3.4 3 10 24 9P2.6 (A14) \ aanonZ>0acn
{T1) PS.8 ] 14 23 [ P2.5 (A13) alsiagakssainsnininin
1213415567718 %02 %, Prscl? 5 1 PO.4 (AD4)
RjE RN NARERERERERNLS] P1.6Cy8 8f1P0.5 (ADS)
s BrE-3- it Bt PL.TC]e 7E3P0.8 (ADS)
tosfovacana RST 6[3P0.7 (AD7)
F2R . (RXD) P3.0¢]11 EA/vPP
EE =e57N ne iz 34AneC
e- ——g<< (TXD) P3.1{13 130 ALE/PROT
(INTD) p3.2c]14
(TRTT) Pa.acji1s 31QP2.7 (A15)

{(T1) P3.50Q 117’192021222324252‘2122: P2.5 (A13)

8-Bit
Microcontroller

with 4K Bytes
Flash

’AT89051

0265F-A-12/97
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The AT89CS1 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 1/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 idle Mode
stops the CPU while allowing the RAM, fimer/counters,
serial port and interrupt system fo 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

Vee
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/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 intemnal pul-
jups.

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

Port 1

Port 1 is an 8-bit bidirectional VO port with intemal 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 (I, ) because of the internal pullups.

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

Port 2

Port 2 is an 8-bit bidirectional /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 () ) 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

AHIEL

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ Rl), 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.

Port3

Port 3 is an 8-bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are wrilten 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 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P35 T1 (timer 1 externatinput)

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 fortwo 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
pulse is skipped during each access io external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly puiled high. Setting the ALE-disable bit has no
effect if the microcontrolier 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 interal program execu-
tions.

This pin also receives the 12-volt programming enable volit-
age (Vpp) during Flash programming, for parts that require
12-volt 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, XTAL2 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 Idle is terminated by
reset, the instruction following the one that invokes Idie
should not be one that writes fo a port pin or to external
memory.

Figure 1. Oscillator Connections

GND

Note:© C1,C2 =30 pF % 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NG (——————} XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3

Idie 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
432 AT89C51 messssssssss————
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Power Down Mode

in the power down mode the oscillator is stopped, and the
nstruction that invokes power down is the last instruction
axecuted. The on-chip RAM and Special Function Regis-
iers retain their values until the power down mode is termi-
1ated. 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 Vg is
'estored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
silize.

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 addi-
tional 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.

Lock Bit Protection Modes
Program Lock Bits Protection Type
LB1 LB2 LB3
] U U No program lock features.

2 P U U MOVC instructions executed from external program memory are disabied from fetching code
bytes from internal memory, EAis 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.
P P P Same as mode 3, also external execution is disabled.

rogramming the Flash

'he AT89C51 is normally shipped with the on-chip Flash
nemory array in the erased state (that is, contents = FFH)
ind ready to be programmed. The programming interface
iccepts either a high-voltage (12-volt) or a low-voltage
Vec) program enable signal. The low voltage program-
ning mode provides a convenient way to program the
\T89C51 inside the user’s system, while the high-voltage
wrogramming mode is compatible with conventional third
rarty Flash or EPROM programmers.

'he AT89C51 is shipped with either the high-voltage or
>w-voltage programming mode enabled. The respective
op-side marking and device signature codes are listed in
he following table.

v" = 12V va =5V
Top-Side Mark AT89C51 AT89CS51
X000 X00¢-5
yyww yyww
Signature {030H)=1EH (030H)=1EH
(031H)=51H {031H)=51H
(032H)=FFH (032H)=05H

he AT89C51 code memory array is programmed byte-by-
yte in either programming mode. To program any non-
lank byte in the on-chip Flash Memory, the entire memory
1wst be erased using the Chip Erase Mode.

AL

Programming Algorithm: Before programming the

ATB9C51, the address, data and control signals should be

setup according to the Flash programming mode table and

Figures 3 and 4. To program the AT83C51, take the follow-

ing 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 control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mods.

5. Pulse ALE/PROG oncs to program a byte in the Flash
array or the lock bits. The byte-write cycle Is seif-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 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, true 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.



'ogram Verify: If lock bits LB1 and LB2 have not been
ogrammed, the programmed code data can be read back
a the address and data lines for verification. The lock bits
innot be verified directly. Verification of the lock bits is
shieved by observing that their features are enabled.

hip Erase: The entire Flash array is erased electrically
1 using the proper combination of control signals and by
iding ALE/PROG low for 10 ms. The code array is written
ith all *1”s. The chip erase operation must be executed
xfore the code memory can be re-programmed.

eading the Signature Bytes: The signature bytes are
rad by the same procedure as a normal verification of
cations 030H,

31H, and 032H, except that P3.6 and P3.7 must be pulled
1 & 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 coda 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 seif-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer woridwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes
Mode RST PSEN ALE/PROG EANpp | P26 | P27 | P36 | P37
Write Code Data H L HM2V L H H H
SNVea
Read Code Data H H H L L H H
Write Lock Bit- 1 H L H/M12V H H H H
_\_/—
Bit-2 H L H12v H H L L
~_
Bit-3 H L H12v H L H L
A
Chip Erase H L (1) HM2v H L L L
—~
Read Signature Byte H L H H L L L L
lote: 1. Chip Erase requires a 10-ms PROG puise.

AT89C51 s ———



ure 3. Programming the Flash

AT89C51

Figure 4. Verifying the Flash

5V +5V
AT89C51 ATB9C51
ADDR. A7 | P1 Ve —T ADDR. A° LA P Veo ——T
OOOOHIOFFFH PGM OOOOHIOFFFH PGM DATA
As Yy P20 - P23 PO {¢—— pama A8 AT P20 -P23 PO |» %sél}gs()
P26 —p} P26
SEE FLASH P27 ALE |¢— PROG SEE FLASH P27 ALE
ROGRAMMING PROGRAMMING
AODES TABLE { P3.6 MODES TABLE { —» P36 v,
~———»{ P37 P37
—— | XTAL2 EA |¢—— ViVpe ———————— XTAL2 EA
3-24 MHz | 324 MHz |
(I 3
XTAL1 RST le— V,, | XTAL RST j¢——— Vi
GND PSEN GND PSEN
. ¥
lash Programming and Verification Characteristics
,=0°C 10 70°C, Ve = 5.0 £ 10%
Symbol Parameter Min Max Units
tept Programming Enable Voltage 11.5 12.5 '
etV Programming Enable Current 1.0 mA
MoicL Oscillator Frequency 3 24 MHz
AVGL Address Setup to PROG Low 48tc cu
\GHAX Address Hold After PROG ABic ot
'oveL. Data Setup to PROG Low 48lercL
teHDX Data Hold After PROG 48tcicL
leHsH P2.7 (ENABLE) High to Vpp 48lcy oL
teHGL Vpp Setup to PROG Low 10 us
teus "V Vpp Hold After PROG 10 us
toLeH PROG Width 1 110 us
tavav Address to Data Valid 48t oL
taav ENABLE Low to Data Valid 48tcy o
teroz Data Float After ENABLE 0 48lci oL
toHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 20 ms
iote: 1. Only used in 12-voit programming mode.
435
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P2.3 ADDRESS »——j ADDRESS
*+— tawvav
PORT O DATA IN (. DATA OUT p——
tover  toHox [+
taveL * * tonax
ALE/PROG
fswo |* —loLeH—
— — A Ve ]
EANge ool deo____loGICO_________ | o __
le—— t
p2.7 > ooy ==y e T fenaz
(ENABLE)
tonL —
P3.4
(RDY/BSY) BUSY READY
tve

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

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 & ADDRESS \—j ADDRESS
— tavav
PORT 0 DATA IN (DATA OUT  pr—r——
” t >
taveL S S tonax
ALE/PROG Vi
fsae® —lgLen—*
_ LOGIC 1
EANVpp 15 A N Y < o3 N R
«—t, t
P2.7 ) S terav — T lenaz
(ENABLE)
P3 toneL —
4
(RDY/BSY) BUSY READY
twe

4-36 AT89C51 memsssssss———————————————



s A T89C 51

Absolute Maximum Ratings*

Operating Temperature -55°C to +125°C *NOTICE:
Storage Temperature -65°C to +150°C

Voltage on Any Pin

with Respect to Ground -1.0V to +7.0V

Maximum Operating Voltage 6.6V

DC Output Current 15.0 mA

DC Characteristics

T =-40°C to 85°C, Ve = 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 siress 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 Vokage (Except EA) 05 0.2Vee- 0.1 v
Vit Input Low VoRage (EA) 0.5 02Vge-03 v
ViH Input High Voltage (Except XTAL1, RST) 0.2Vge + 0.9 Ve + 0.5 '
ViH Input High Voltage (XTAL1, RST) 07 Vee Veo+ 05 v
Voo Output Low Vohage!V (Ports 1,2,3) oL = 1.6 mA 0.45 v
Vo1 Output Low Voltage!!) loL=3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vou Output High Voltage IoH = -60 HA, Ve = 5V+10% 24 v
(Ports 1,2.3, ALE, PSEN) lon = -25 pA 0.75 Ve \"
lon = -10 HA 0.9 Vee v
VoH1 Output High Voltage lon = -800 pA, Vg =5V £ 10% 24 v
(Port 0 in External Bus Mode) lom = -300 pA 0.75 Veg v
lon = -80 pA 09 Vge v
h Logical 0 Input Cumrent (Ports 1,2,3) | Vjy= 0.45V -50 pA
I Logical 1 to 0 Transition Current Vi =2V, VCC = 5V £ 10% -650 pA
(Ports 1,2,3)
Wy Input Leakage Current (Port 0, EA) 045 <Viy < Vee +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance TestFreq. = 1 MHz, Tp = 25°C 10 pF
lec Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode?) Vec =6V 100 pA
Veo =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum I per port pin: 10 mA

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

Ports 1, 2, 3: 15mA
Maximum total ig_for all output pins: 71 mA
If I 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,

_m



AC Characteristics
'Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
sutputs = 80 pF)

External Program and Data Memwory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max

MereL Oscillator Frequency 0 24 MHz
o ALE Pulse Width 127 2ty oy 40 ns
tanL Address Valid to ALE Low 43 o -13 ns
tax Address Hold After ALE Low 48 terc-20 ns
v ALE Low 1o Valid Instruction In 233 d1cy 65 ns
tupL ALE Low to PSEN Low 43 torci-13 ns
teLPH PSEN Pulse Width 205 3ty ¢y <20 ns
teuv PSEN Low to Valid Instruction In 145 3ic e 45 ns

. toxix Input Instruction Hold After PSEN 0 0 ns

| toxiz Input instruction Float After PSEN 59 toic-10 ns
tpxav PSEN to Address Valid 75 tycr-8 ns
taviv Address to Valid Instruction In 312 Storc1-55 ns
toraz PSEN Low o Address Float 10 10 ns
triRH RD Puise Width 400 6tc ) ~100 ns
twiwH WR Pulse Width 400 Btgy gy -100 ns
tRLOV RD Low to Valid Data in 252 Stcy 90 ns
trHDX Data Hold After RD 0 0 ns
— Data Float After RD 97 g1y -28 ns
tuov ALE Low to Valid Data in 517 8loy oy -150 ns
tavov Address to Valid Data in 585 Ote) ¢y -165 ns
tuw ALE Low to RD or WR Low 200 300 3ty o1 50 3ty oL +50 ns
tavwL Address to RD or WR Low 203 41 o175 ns
tavwx Data Valid to WR Transition 23 toroy-20 ns
tavwH Data Valid to WR High 433 Tic o -120 ns
twHax Data Hold After WR 33 toLc-20 ns
traz RD Low to Address Float 0 0 ns
twHLH RD or WR High to ALE High 43 123 torc-20 torcy +25 ns

AT89C51 messssssssssssssss————




xternal Program Memory Read Cycle

AT89C51

iy, —
ALE N / —_
toren
t pe
AVLL i LY,
PSEN / N tuv N
tuax texiz

toxix—»f o~

PORT 0 >—K____m0-A7 INSTRIN D> a0-A7 <

taviy —————»]
PORT 2 ?( A8-A15 o AB-A15
xternal Data Memory Read Cycle
b—»
ALE N ,b—\_—_—/.’/
0 born
PSEN
le— tripH —>
— luw ——>
RD N R e el
l‘_tAVLL*H 1= tRLIN ttR;-lHDZ

b= — DX

PORT O >~(A0 - A7 FROM Ri.OR DPLX X K DATA IN 15> A0 - A7 FROM PcL>—< INSTR IN

tavw >
e tAVW
PORT 2 }( P2.0 - P2.7. OR A8 - A15 FROM DPH D¢ A8 - A15 FROM PCH




ATREY

xternal Data Memory Write Cycle

b —
ALE /F \ ‘t IR s
— Swhn

—— bt —le—tamwn —»]

WR .t b pd
le— taviy —» tovwx - —» [ tanax

— tovwi —)
PORT 0 _ > AD - A7 FROM RI OR DPL DATA OUT X <AD - AT FROM PCL>—<INSTR IN

N tAVWL

PORT 2 ) 4 P2.0 - P2.7 OR A8 - A15 FROM DPH X AB - A15 FROM PCH

:xternal Clock Drive Waveforms

V. - 05V tomex U \€ P +— lewa
cc = V- 4 0.7 Voo / = \

v |

vasy 0.2 Ve - 0.1V S )/ e 1B
- deteesrn
torct

:xternal Clock Drive
Symbol Parameter Min Max Units
oo Oscillator Frequency 0 24 MHz
torcL Clock Period 416 ns
tcHex High Time 15 ns
torex Low Time 15 ns
Lete)] Rise Time 20 ns
teneL Fall Time 20 ns

440 AT89C51 meessssssssssss——————
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yrial Port Timing: Shift Register Mode Test Conditions
sc = 5.0V x 20%; Load Capacitance = 80 pF)

ymbol Parameter 12 MHz Osc Variable Osciilator Units
Min Max Min Max

axL Serial Port Clock Cycle Time 1.0 12101 us

WXH Output Data Setup to Clock Rising Edge 700 10ty ) ~133 ns

HAX Output Data Hold After Clock Rising Edge 50 Ao a-117 ns

(HDX Input Data Hold After Clock Rising Edge 0 0 ns

HV Clock Rising Edge to Input Data Valid 700 10ty s -133 ns

hift Register Mode Timing Waveforms
INSTRUCTION | [1] i 1 i 2 | 3 | 4 | | ] ] i
PV O N e o A O 1 O Y I Y

-
CLOCK A TSN = TN L
—») Je— tahox
WRITE TO SBUF, N0 I W32 K32 a 5 € 7
v S Yoo SETTI
OUTPUT DATA teroy (e
__CLEARRI ;
v
INPUT DATA

\C Testing Input/Output Waveforms(!) ' Float Waveforms(!

Vec- °5V—‘-\ 0_2 Vog+ 08V o u1v o 01V

TEST POINTS Tlming Reference
Points
045V / 0.2 Vg - 0.1V VLOAD v + 0.4V

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

a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V}; min. for a logic 1 and Vy_ port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Voi/Voy level occurs.

AIMEL “



ATEY

)rdering information

Speed Power
(MHz) Supply Ordering Code Package Operation Range

12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44) (0°C to 70°C)
ATBIC51-12PC A0PS
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
ATB9C51-121 44) (-40°C to 85°C)
AT89C51-12P! 40P6
ATBAC51-12Q1 44Q
ATBIC51-12AA 447 Automotive
ATBIC51-12JA 44) (-40°C 1o 105°C)
ATB9C51-12PA 40P8
AT89C51-12QA 44Q

16 5V +20% ATB9C51-16AC 44A Commercial
ATBOC51-16JC 44 (0°C to 70°C)
ATB9C51-16PC 40P6
ATBOC51-16QC 44Q
ATBIC51-16Al 44A Industrial
ATBIC51-16J1 44) (-40°C 1o 85°C)
AT89C51-16P! 40P6
AT89C51-16Q} 44Q
ATBIC51-16AA 44A Automotive
ATBIC51-16JA 443 (-40°C to 105°C)
AT89C51-16PA 40P6
ATBIC51-160A 44Q

20 5V £ 20% ATB9GC51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
ATB9C51-20QC 44Q
ATB9C51-20Al 447 Industrial
ATBIC51-2031 443 (-40°C to 85°C)
ATB9C51-20P! 40P6
ATB9C51-20Ql 440

142 AT89C51 vemesssssessssss s ————
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Jrdering Information

Speed Power
{(MHz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C51-24AC 4A Commercial
AT89C51-244C 44 {0°C 10 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 44Q
AT89C51-24A1 44A Industrial
AT89C51-24 44J (-40°C to 85°C)
ATB9C51-24P1 44P6
AT89C51-24Q1 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44 | ead, Plastic J-Leaded Chip Carrier (PLCC)
40P8 40 Lead, 0.600™ Wide, Plastic Dual Infine Package (PDIP)
440Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

—m
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLYVOLTAGEUP TO46V

» TOTAL DCCURRENT UPTO4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandardTTL logic jevels anddrive
inductive loads such as relays, solenoids, DC and
steppingmotors. Two enableinputs are provided to
enableordisablethe deviceindependentlyofthein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

DRDERING NUMBERS : L2938N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionofan externalsensingresistor. An additional
supply inputis provided so that the logic works at a
lower voltage.

ouTy m‘x)n + w00nF oén OUT?A
2 3 In
- L T‘
A )
»% ‘
- - P ADH »/. &
- . 1 2 3 & -
O n—.o
1 }
g P L
BLJs n | ea
3 . -3
‘_L }—osases

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \'4
Vss |Logic Supply Vottage 7 v
Vﬂﬂ, Input and Enable Voliage -03t07 \'
lo Peak Output Cumrent (each Channel)
~ Non Repsfitive (t = 100us) 3 A
—Repeitive (80% on ~20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voitage -1t023 Vv
Piot Total Power Dissipafion (Tcase = 75°C) 25 w
Top Junction Operating Temperature ~25 to 130 °C
Tsag, Tj | Storage and Junction Temperature -40 1o 150 °C
PIN CONNECTIONS (top view)
/ " -~ s o=/ cumment sensing B
14 T ouTRUT A
-@- w =0 | outrura
]} Enam— L)) 23
niEe—_> ENABLEB
0T INAUT3
DS ILP 3 LOGIC SUPPLY VOLTAGE Vg
unwauts Y me e R
2> INPUT 2
8§ [T ENABLEA
50 . meutt
4 I 7773 SUPPLY VOLTAGE Vg
_$. 3 OUTPUT 2
22— 3 ouTRUTY
N i VT ) currenTSENSING A
Z TAB CORNECTEDTO PIN 8 DISNGI0A
GND ;_:(1 20 GND
SenseA [ 2 19§ ] SenseB
NC. 43 8 =) Ne.
out [ 4 17-—] oud
o2 15 PowerSO20 4 ous
Vs. 3§ ¢ 15 1 Input4
input "8 7 14 7] EnableB
EnsbleA [} 8 13 = Input3
input2 4 9 12— vss
GND 1 10 11 3 onD
DO5N239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 | Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 Cw
Rinjemb | Themmal Resistance Junction-ambient Max. 13(") 35 ‘CW
{*) Mourted on aluminum substrate
213 "7




L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
contral the current of the load.
2:3 4;5 Out 1; Cut 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voitage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7;9 input 1; input 2 TTL Compafible Inputs of the Bridge A.
6;11 8:14 Enable A; EnableB {TTL Compatible Enable input: the L state disables the bridge A
(enable A) and/or the bridge B (enabie B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voitage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; input4 TTL Compaible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, T = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs |Supply Voltage (pin 4) Operative Condifion Vi +25 46 Vv
Vss _ {Logic Supply Voltage (pin 9) 4.5 5 7 \4
Is Quiescent Supply Cument (pin4) - [Ven=H; 1L =0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven = L Vi i X 4 mA
Iss Quiescent Current from Vss (pin9) [Ven = H; .= 0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =4 Vi =X 8 mA
Vi {input Low Voltage -0.3 1.5 A
(pins 5, 7, 10, 12)
Vin  jinput High Voltage 2.3 VSS v
(pins 5, 7, 10,12)
b Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Cumrent Vi=H< Vss —0.6V 30 100 HA
(pins 5, 7, 10, 12)
Ven =L [Enable Low Voltage (pins 6, 11) -03 15 \4
Ven = H |Enable High Voltage (pins 6, 11) 2.3 Vss v
len =L [Low Voltage Enable Current Ven=L -10 pA
(pins 6, 11)
len=H |High Voltage Enable Current Ven = H< Vgs -0.6V 30 100 A
(pins 6, 11)
Veesat(H) [Source Saturation Voltage L=1A 0.95 135 17 A
I, =2A 2 27 \'4
Veesat(t) |Sink Saturation Voltage L=1A (5) 0.85 1.2 16 v
=2A (5) 1.7 23 \'4
Vcesat |Total Drop L=1A (5) 1.80 3.2 v
h=2A (5) 4.9 \
Veens {Sensing Voltage (pins 1, 15) -1 (1) 2 v
<7 313




L298

ELECTRICAL CHARACTERISTICS (tontinued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ty (V) |Source Current Tum-off Delay 05Vt 0.1 (2).(4) 15 us
T2 (V) JSource Currert Fall Time 094 t00.11. (2);(4) 0.2 Hs
Ta (V) |Source Current Tum-on Delay 05Vito 0.1 (2);(4) 2 us
T4 {V) JSource Current Rise Time 0.1 0084 (2);,(4) 07 s
Ts (Vi) |Sink Current Tumn-off Delay 05Vi0 08I, (3);(4) 0.7 us
Te (Vi) [Sink Current Fall Time 094 001, (3):(4) 0.25 Bs
T7 (V) {Sink Current Tumn-on Delay 05Vito 0.9l (3%, 4) 16 us
Ts (Vi) [Sink Current Rise Time 01k 0094 (3);{4) 02 us
fc (V) jCommutation Frequency L=2A 25 40 KHz

T1 (Ven) JSource Current Tum-off Delay 0.5Ven t0 0.9 (2);(4) 3 us

T2 (Ven) [Source Current Fall Time 0910011 (2);(4) 1 us

T3 (Ven) [Source Current Tum-on Delay 0.5Vento 0.1 11 | (2);(4) 0.3 ps

Ta(Veny {Source Current Rise Time 01110081 | (2);(4) 0.4 ns

T5 (Ven) [Sink Current Turn-off Delay 05Vent0 08 (3);(4) 22 us

Te (Ven) }Sink Current Fall Time 09 001l  (3):(4) 0.35 us

Tr (Ven) }Sink Current Turn-on Delay 0.5Ven 1009k ' (3):(4) 0.25 us

T (Ve }Sink Current Rise Time 0.1l 10091 ' (3)(4) 0.1 us

1) 1)Sensing voltage can be -1 V fort < 50 psec; in steady state Veens min2 -05 V.
2) Seefig. 2.
3) Seefig. 4.
4) The load must be a pureresistor.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
[ )
VoAs
v Vggu5V (Vg=A2V
Voo =5y
24 Yas = H NPT
L
20
174 1298 ‘m‘
18 ENABLE h
O— 1855

1.2 L/’ - Ry=200

08

0;5 s-38%2n

-‘ .
0 04 08 12 18 20 24 IofA). Note: For INPUT Switching. setEN=H
For ENABLE Switching setIN=H

an3 1574




L298

Figure3 : Source Current Delay Times vs. Input or Enable Switching.

Ly
Imax(2A)
0% - - —c—
0% -
"
T T2 T3 TA
50% g g e T e e N N\ t
]
5.305%2

Figure 4 : Switching Times Test Cirauits.

Note: For INPUT Switching, set EN =H
For ENABLE Switching, setiN = L

3
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

LY |

Imas(2A)
0% ~

0% -

&¥)
50%

-

5-1843
Figure 6 : Bidirectional DC Motor Controt.
g
c-
%W nk N Em
[ 0s 1
: _n. ‘1__"" Inputs Function
‘ Ven=H C=H;D=L Forward
¢ ,I h e C=L;0=H IReverse
s C=D Fast Motor Stop
Ven =L C=X;D=X Free Running
A Jon F Motor Stop
12 L2SBN L=tow H=H|gh X =Dontcare
n
» » 1
70 CONTROL _L -J_-.g

CReLrY
k 08 T0 DAL A FAST RECONERY DINDE{t,, €200ms)
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L2938

Figure 7 : For higher currents, outputs can be paraileled. Take care to paraliel channel 1 with channei4

and channel2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

ThelL298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in conr
monor differenzialmode, dependingon the state of
the inputs. The current that flows through the joad
comes out from the bridge at the sense output: an
externalresistor (Rsa ;Rsg.) allows todetect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridge is driven by means of fourgatesthe in-
putof which are In1; In2 ; EnAand in3; In4 ; EnB.
Thelninputs set the bridge state whenThe En input
ishigh; a lowstate ofthe Eninputinhibitsthe bridgse.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must

be foreseen between both Vs and Vss, to ground,

as near as possible to GND pin. Whenthe large ca-

pacitor of the power supply is too farfromthe IC, a

i;cond smaller one must be foreseen near the
08.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be nearthe GND pin of the 1.C.

&7

Each input must be connected to the source of the
driving signals by meansof a very short path.

Tum-0On and Tumn-Off : Beforeto Tum-ONthe Sup-
ply Voltageand beforefo TumitOFF, the Enablein-
put must be driven to the Low state.

3.APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements {tm < 200 nsec) that
must.be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to control the
currentamplitude by chopping the inputs, or to pro-
vide overcument protection by switching low the en-
ableinput.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higherthan 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemnal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped; Shottkydiodeswould be preferred.
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This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig8itis shownthedrivingofa twophasebipolar by the 1.C. L85086.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC 1.297.

Fig 9 shows an example of P.C.B. designedforthe

application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

Hng
S-5866)¢

Rst =Rg2=0.5Q

VE<12V@i=2A
D1to D8 =2 AFastdiodes tr:s 200 ns@

%
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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o == == OUTLINE AND

miN. | Tp. [max. | min. | TvP. [mAx.
A 5 0.107 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
D 1 0.039
E | 0.49 0.55 | 0.019 0.022
F | 0.66 0.75 | 0.026 0.030
G | 102 | 1.27 | 152 | 0.040 | 0.050 | 0.060
G1 |17.53 | 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 196 0.772
H2 202 0.795
L | 219 | 222 | 225 |0.862 | 0.874 | 0.886
L1 21.7 221 225 | 0.854 | 0.870_40:886
L2 |17.65 18.1 | 0.695 0.713
L3 1725 | 175 | 17.75 | 0.679._40.689 | 0.699
L4 | 103 | 107 | 10.9 }/0.406 | 0.421] 0.429
L7 2.65 2.9 }0.104 0.114
M 4.25 455 | 485 | 0.167 |0.1779 ] 0.191
M1 4.63 5.08 5653 |.0.482°10.200 |0.218
s | 10 26 |0.075 0.102
s1 | 19 2.6+ 0,075 0.102 Multiwatt1s5.V
Dia1 | 3.65 3.85 |0.144 0.152
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oM — £ OUTLINE AND
" | Ty, [ max. | mn. | TYP. | MAX
MECHANICAL DATA
A 5 0.197
B 2.65 0.104
c 16 0.063
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 114 | 127 | 1.4 |o0.045]0.050] 0.055
G1 | 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 198 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 254 0100
L3 |17.25| 175 | 17.75 | 0.679 |.0'689 | 0.699
4 | 103 | 107 | 10.9 }0.906 | 0.421 '0.429
L5 5.28 0.208
L6 2.38 0.004
L7 | 265 29 |o0.104 0.114
s 19 26 |0.075 | 0.102
s1 | 19 2.6~ 0075 0.102 Multiwatti5 H
Dia1 | 3.65 3,85 0.124 0:152
Hi
_ s
L1 "~ ___|_.. st
3
2 D1 [
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B
-
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§

o

or protruskns.
flash or protrusions shall not excead 0,45 mm (0.0067)
Criticaldimensions "E", "G" and "a3"

DIM. mm inch
MIN. | TYP. | MAX. | mIN. | TYP. | MAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
a1 | 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c | o023 0.32 | 0.009 0.013
p(1) | 158 16 | 0.622 0.630
D1 | 9.4 9.8 |0.370 0.386
E | 139 14.5 | 0.547 0.570
e 1.27 0.050
e3 1143 0.450
E1(1)] 109 11.1_| 0.429 0.437
| E2 2.9 0414 |
E3 | 58 6.2 |0.228 0244
G 0 0.1 | 0.000 0.004
H | 155 15.9 | 0610 0.626
h XV S8 D043 JEDEC MO-166
L 0.8 1.4 §0.031 0043
N 10°(max.)
S B8° (max?)
I W /AR INE ] . 2 Powers020
) "D and F” do not includa moid flash or

N N R
b neian b 2l E‘é
. | £
H o [y DETAICA
—\\
. N 4
! DETAIB
ﬂﬂﬂﬂn*ﬂﬂﬂﬂﬂﬁf_ g
g Plans ‘:{E g -
BOTTOM vuews : "”"‘

E2|--

hx45

E1l

D1
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
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Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPN Darlington connected transistors in this family of arrays
are ideally suited for interfacing between low logic level digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voitage
requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications. All devices
feature open-collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2803 is designed to be compatible with standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

MAXIMUM RATINGS (7p = 25°C and rating apply to any one device in the
package, unless otherwise noted.)

Order this document by ULN2803/D

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit
Output Voltage Vo 50 A
Input Voltage (Except ULN2801) Vi 30 v PLAS#I%UPFFKM;KAGE
Collector Curvent — Continvous ic 500 mA CASE 707
Base Current - Continuous B 25 mA
Operating Ambient Temperature Range TA 0 ta+70 °C
Storage Temperature Range Tsig —55to +150 *C
Junction Temperature T) 125 °C PIN CONNECTIONS
g%,#o: ewmaximum current limit per driver. S
E ;
ORDERING INFORMATION E
Characteristics
Operating E
Input Temperature
Davice Compatibility Vee(Max)ic(Max) Range E
Uxzs0an | 61015 HOS.PHs | OVERmA V| Tasgw o E
6

-

)
a
[e] [=]

© Molorola, Inc. 19968

Rev 1



ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (T = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Leakage Cuirent (Figure 1) icex pA
(Vo =50V, Ty = +70°C) All Types - - 100
(Vo =50V, Tp = +25°C) All Types - - 50
(Vo =50V, Ty = +70°C, V; = 6.0 V) ULN2802 - - 500
(VO =50V, Tp = +70°C, V| = 1.0V) ULN2804 - - 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) v
(ic = 350 mA, Ig =500 pA) All Types - 1.1 16
(ic =200 mA, Ig =350 pA) All Types - 0.95 13
(ic = 100 mA, Ig = 250 pA) All Types - 0.85 11
Input Current — On Condition (Figure 4) hon) mA
Vi=17V) ULN2802 - 0.82 1.25
{(Vi=3.85V) ULN2803 - 0.93 1.35
V1=5.0V) ULN2804 - 0.35 05
vi=12V) ULN2804 - 1.0 145
Input Voitage — On Condition (Figure 5) Vi(on) v
(Vce =20V, g = 300 mA) ULN2802 - - 13
(VCe =20V, ig =200 mA) ULN2803 = - 24
(VCE =20V, ic = 250 mA) ULN2803 - - 27
(VCE =20V, Ic = 300 mA) ULN2803 - - 3.0
(VCE=20V, I =125mA) ULN2804 - - 5.0
(VCE=20V, ic =200 mA) ULN2804 - - 6.0
(VCE=20V, ic =275 mA) ULN2804 - - 70
(VCE =20V, Ic=350mA) ULN2804 = - 8.0
Input Current — Off Condition (Figure 3) All Types I|(°||:) 50 100 - BA
(ic = 500 pA, Ta = +70°C)
DC Cumrent Gain (Figure 2) ULN2801 hEE 1000 - - -
(VCE =20V, ig =350 mA)
input Capacitance Cy - 15 25 pF
Tumn—On Delay Time ton - 0.25 1.0 us
{50% E; to 50% Eg)
Tum-Off Delay Time toff - 0.25 1.0 us
{50% E) to 50% Eq)
Clamp Diode Leakage Curmrent (Figure 6) Ta=+25°C -3 - - 50 A
(VR=50V) TA = +70°C 100
Clamp Diode Forward Voltage (Figure 7) VE L 1.5 20 v
(i = 350 mA)

2 MOTOROLA ANALOG IC DEVICE DATA
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TEST FIGURES

({See Figure Numbers in Electrical Characteristics Table)

MOTOROLA ANALOG IC DEVICE DATA



Ig, COLLECTOR CURRENT (mA)
g

ULN2803 ULN2804

TYPICAL CHARACTERISTIC CURVES - Tp = 25°C, unless otherwise noted

Output Characteristics
Figure 8, Output Current versus Figure 9. Output Current versus
Saturation Voitage Input Current
g
/ £ 600
/ 3 )
All Types / 3 - Al Types /
)4 g 7
// “s’. 200 //
L~ 4 - <
B . P
0 05 1.0 15 20 0 20 400 600 800
VCE{sat). SATURATION VOLTAGE (V) iy, INPUT CURRENT (uA)
Input Characteristics

Figure 10. ULN2803 Input Curvent Figure 11. ULN2804 Input Current

versus input Veoltage versus Input Voltage

20 20
15 — 215
5 e 5
g . &
o U O 1.0 e
: e, : e H
Z z
Eos— = Zos Sio v

0 0
20 25 30 35 490 45 5.0 55 6.0 5.0 6.0 70 8.0 9.0 10 11 12 13
ViN, INPUT VOLTAGE (V) Vi, INPUT VOLTAGE (V)

Figure 12. Representative Schematic Diagrams
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OUTLINE DIMENSIONS
A SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUEC
1. POSITIONAL TOLERANCE OF LEADS D),
AN AON SHALL BE WITHIN 0.25 (Q.010) AT MAXRAUM
® » ¥ , N RELATION TO
PLANE AND EACH OTHER,
D B 2. DIMENSION L. TO CENTER OF LEADS WHEN
Oy » ] FORMED PARMLEL.
T OUY 3. DIMENSION B DOES NOT INCLUDE MOLD
L
1 PRy nat J

MOTOROLA ANALOG IC DEVICE DATA
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Motorola reserves the right to make changes without further nofice to any products herein. Motorola makes no wamranty, representation or guarantee regarding
the suitability of its products for any mmmmmmmyMaﬁmwdhamwmdwmcmtm

others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical impiant info the body, or other
applications intended to supportor sustain fife, or for any other application in which the failure of the Motorola product could create a situation where personalinjury
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hoid Motorola
and its officers, employees, subsidiaries, affiiates, and distributors harmiess against all claims, costs, damagss, and expenses, and reasonable sttorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
MM:M:WMMWWWMMNdNMMM@ﬂWWdMM Mo'orois, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Molorola Literature Distribution; JAPAN: Nippon Molorola Lid;; Talsumi-SPD-JILDC, 6F Seibu-Butsuryu-Center,
P.O. Box 20912; Phoenix, Arizona 85038. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAXD@email.sps.mot.com ~ TOUCHTONE 602-244-6609 ASIA/PACIFIC: Mokwola Semiconduciors H.IKC Lid.; 88 Tai Ping Industrial Park,
INTERNET: hitp//Design—NET.com 51 Ting Kok Road, Tai Po, N.T,, Hong Kong. 852-26629298

@ MOTOROLA ——
NN



s I R 4

#2527 RF ASK Hybrid Modules for Radio Control ( New Version )

TI.P434A Ultra Small Transmitter RLP434A SAW Based Receiver

pin1:Gnd
pin 2: Digital Data Output

2
pin 2 : Data In :::il.;uomnm
ind - Antenna ( RF output Bin : ves
pin 8 : Gnd
pin7:Gnd
pin 8 : Antenna
Modulation : ASK
Frequency 315, 418 and 433.92 Mhz Frequency 318, 418 and 433.92 Mhz supply Voltage : 3.3 -6.0VDC
Output : Dightal & Linear
Modulation : ASK
Operation Voltage : 2 -12VDC
‘SWH ey v Ty Vi o o~ PR Symbol : Pasameter Conditions Min Typ Max
Voo _|Operating supply voltage 2.0 2 [ hzel LY Yool [Opdrating sopply volings 33 | S0V | 60 | V
Too ! |Peak Current (2V) . lr= 1 = S - a2 -
o2 |Peak Current (12V) 3 g A AT, Vidata Data Out Idata = +200 uA ( High) | Veo-0.5 - Veo | V
Vh__|input High Voltage [idata= 100uA (High)[Voo0.5 | | Ve [VooH0.5] V. e L5 2p¢e= JORA (Low) = : L
V1 |Input Low Voltage Idata= 0 uA (Low) - : 0.3 v | e
FO |Absolute Frequenoy 315Mhz module || 3148 | 315 —{ 3152} MHz Chargoteristios SYM Mn | Typ | Max
PO |RF Output Power- 30chm | Voo = 9V-12V/ . 16 < | dBm [Operation Radio Frequency FC 315, 418 and 433.92 MHz
Voo = 5V-6V ¥ 14 - dBm {Sensitivity Prel -110 dBm
DR __|Data Rate Extemnal Encoding | 512 48K | 200K |n-bpa Channiel Widih +=500 Khz
Notes : ( Case Tem Temperaturs = 25°C +- 2°C , Test Load Impadance = 50 ohm ) Noise Equivaleat BW 4 Khz
. Rageiver Tumm On Tinte 5 ms
Application Circuit : Ofpatatien, T oy 5
. T < ; emperaiure op -20 - 80 =
,aB E
ml m-;:::nl:‘l:lh using HT12E-18DIP, a Binary 12 hit Encbder from Brssbased DMO. Rale " T
Application Cireuit
Vdd Vdd Typioat RF Reoeiver using HT12D<18DIP, a Binary 12 bit Decoder with 8 bit uC HT4S8RXX from
Jre=o8 y [2 8 ; Holtek Seff iconductor £nd.
AD  vdd 2 4
“— A1 Dout > ' TLP434A vad
N A2 oscl —_wa_—ln Code Input RF output e 18 'y v
N A3 osc2 ose ; A0 yaa
~aA4 TE l‘ i f& nart T
N A5 AD11}— N|83 osezf—ped —{GND AHT
N~ A6 AD10— ADB, S, 10411 v+ * PN ot g%ﬁ
N A7 ADS — Data bit or Address bit N As Do Voo Voo fi
vss ADB|—" — A7 DA : 1
9 10 AD-A7 ) - Vea DO pocvaall L 1NF  RLP434A
HT12E Address bit 1IT12D R; e 1
PR oece| B9 X
ro4 Vis 1 Hrezo Alarm
Voke/Speaker <—PRE PAD Cr—
Soridl Interfoce <<————PRA PA1 Relay =~
Laipac Technology, Inc. 2 AID AN Ui Contes} <t W £ 01

nkis 5 Flash
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