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Abstract

Internet system is now very popular,because of its case of use,nice graphics and
convinient access to any resource.We may control any systems from anywhere in the

world. Applying this remote relay switching project should result in many more sophisticated

control systems.
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FeatJres

e Comipatible with MCS-51™ Products
e 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
2.7 V to 6 V Operating Range

Fuliy Static Operation: 0 Hz to 24 MHz I

Two-Level Program Memory Lock
128 pz: 8-Bit Internal RAM

15 Programmable /O Lines -Ri
Two 16-Bit Timer/Counters 8 B It

Five: Interrupt Sources i r
Programmable Serial UART Channel MIC Ocontr()l Ier

Dirett LED Drive Outputs Wi
On-Chip Analog Comparator W'th 2 Kbytes
Low Power {dle and Power Down Modes Fl ash

E

Description

The ATE9C2051 is a low-voltage, high-performance CMOS 8-bjt microcomputer with 2 Kby-
tes of Fl?i\h programmable and crasable read only memory (PEROM). The device is manufac- AT89C2051
turcd usm?."/\uml s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction sct and pinout. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C2051 is a powerful microcomputer which
provideq a highly flexible and cost cffective solution to many embedded control applications.

The ATR9C2051 pravides the following standard fcaturcs: 2 Kbytes of Flash, 128 bytes of
RAM, 15 VO lines, two 16-bit timer/counters, a five source two-lcvel interrupt architecture, a
full duplex serial port, a precision analog comparator, on-chip oscillator and clock circuitry.
In addition, the AT§9C2051 is designed with static logic for operation down to zero {requency
and supports two software selectable power saving modes. The Idle Mode stops the CPU while
allowing the RAM, timer/counters, serial port and interrupt system to continuc functioning.
The Power Down Mode saves the RAM contents but freezes the oscillator disabling alt other
chip fungtions until the next hardware reset.

:U-—». ---»-(1-—- k) w— ey

Pin Gonfiguration
PDIP/SOIC
) —

ST (] 1 20 O vee

(RXD) P &o o 2 19 1 P1.7

(TXD) Pa 1ds3 18 [ P16

[ 17 I3 P1.§

xTAu ds 16 O P1.4

(iNTO) P32 ] 6 15 {3 P13

(WTiy P33 7 - 14 3 P1.2
(To) PRa ] 8 13 b P1.1 (aINT)
(T1)P3.5C] 9 12 [J P1.0 (AINO)

GND O 10 11 2 P37
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sy A T89C 2051

l
Pin [%escr.iption
Vee
Supply vollage.
GND
Ground }
Port 1
Port 1 is an 8-bit bidirectional /O port. Port pins P1.2 10 P17
provide intcrnal“pullups. P1.0 and P1.1 requirc cxternal pullups.
P1.0 and P1.1 also scrve as the positive input (AINO) and the
negative dnput (AINI), respectively, of the on-chip precision
analog comparator. The Port 1 output buffers can sink 20 mA
and can drive LED displays directly. When s arc written to Port
i pins, they can be used as inputs. When pins P1.2 to P1.7 arc
used as inputs and arc externally pulled low, they will source
current (IIL) because of the internal pullups.
Port 1 aJso reccives code data during Flash programming and
program: verification.
Port3 |
Port 3 pins P3.0 to P3.5, P3.7 arc seven bidircctional I[/O pins
with intgrnal pullups. P3.6 is hard-wired as an input to the output
of the on-¢hip comparator and is not accessible as a general pur-
posc vd pin. The Port 3 output buffers can sink 20 mA. When
ls are wlrillcn to Port 3 pins they arc pullcd high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins thatare

cx(cmaliy being pulled low will source current (IiL) because of

the pullups.
Port 3 al%so serves the functions of various special features of the
ATE9C2051 as listed below:

Port Pin | Alternate Functions
£3.0 [ RXD (serial input port)
P3.1 { TXD (serial-output port)

£3.2 m(extemal interrupt 0)
P33} INT1 (external interrupt 1)
P3.4 l TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port3 aILo receives some control signals for Flash programming
and programming verification.

RST

Reset in*pul. All I/O pins arc resct to s as soon as RST gocs
high. Hélding the RST pin high for two machinc cycles while
the oscilldtor is running resets the device.

Each mdchine cycle takes 12 oscillator or clock cycles.

XTALT

Input to the inverting oscillator amplificr and input 1o the inter-
nal clock operating circuit.

XTAL2 E

Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTALI and XTAL?2 arc 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 quantz, crystal
or ceramic resonator may be used. To drive the device from an
external clock source, XTAL2 should be left unconnected
while XTAL/! is driven as shown in Figure Z. There arc no re-
quircments on the duty cycle of the external clock signal, since
the input to the internal clocking circuitry is through a divide-
by-two {lip-flop, but minimum and maximum voltage high and
tow time specifications must be observed.

Figure 1. Oscillator Conncctions

Cc2

G

N

c1 I .
o—} XTAL1

XTAL2

GND

ull}-—c

Notes: C1, C2 =30 pF £ 10 pF for Crystals
=40 pF % 10 pF for Ceramic Resonators

Figure 2. Extcrnal Clock Drive Configuration

NC ——+ XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
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Special Function Registers

A map of the on-chip memuory arca called the Special Function User software should not write Is to these unlisted locations,
Register (SFR) space is shown in the table below. since they may be used in future products to invoke new fea-
tures, In that case, the reset or inactive values of the new bits will

]
Note that not all of the addresses are occupicd. and unaccupicd
‘ always be 0.

addresses may not be implemented on the chip. Read aceesses
1o these addresses will in general return random data, and write
acedsses will have an indeterminate cffect.

2
Tabje 1. AT89C2051 SFR Map and Rescet Values

OF8H OFFH
B
OFOH | 00000 OF7H
: OE:BH OEFH
ACC
OE-;)H 00000000 OE7H
0D8H ODFH
d PSW )
OD;OH 00000000 0D7H
0CBH OCFH
E
OCOH 0C7H
]
0BBH b 0BFH
X0000000
| P3
OBEIOH 11111111 0B7H
IE [
OASH | 00000000 OAFH
0AOH 1 0A7H
| SCON SBUF
QIBH 00000000 | XXXXXXXX 9FH
P1
9|°H 11111111 97H
dori | TCON TMOD TLO TL1 THO TH1 6FH
8H | 00000000 | 00000000 | 00000000 |-00000000 | 00000000 | 00000000
sp DPL DPH PCON
goH 00000111 | 00000000 | 00000000 00000000 | 87H
%
1
}

o

28 AT 89 C:200'5 "1 0000000000000
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L
Flestr[ictions on Certain Instructions

The AT89C2051 and AT89C105! arc cconomical and cost-cf-
fective members of Aumel's growing family of microcontrol-
lers. They contain 2 Kbytes and 1 Kbyte of flash program mem-
ory, respectively. Both are fully compatible with the MCS-51
architecture, and can be programmed using the MCS-51 instruc-
tion set. However, there are a few considerations one must keep
in mind; when utilizing certain instructions (o program these de-
vices. |

All the ‘instructions related to jumping or branching should be
restrictéd such that the destination address falls within the
physica] program memory space of the device, which is 2K for
the AT89C2051. This should be the responsibility of the soft-
ware programmer. For example, LCALL 7EOH would be valid
for the ATRYC2051 (with 2K of memory), but LCALL 900H
would not.

I. Branfching instructions:
LCALL, LIMP, ACALL, AJMP, SIMP, JIMP @A+DPTR

These unconditional branching instructions will exccute cor-
rectly u§ long as the programmer keeps in mind that the destina-
tion branching address must fall within the physical boundarics
of the program memory size (locations 00H 10 7FFH for the
89C2()5il). Violating the physical space limits may cause un-
known vagrum behavior.

CINE (;..}, DINZ {...], JB, JNB, JC, INC, IBC, JZ, JNZ With
these C(indilionul branching instructions the same rule above ap-

¥
]
[
¢
E
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o
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plies. Again, violating the memory boundaries may causé er-
ratic execution.

For applications involving interrupts the normal interfupt serv-
ice routine address locations of the 80C51 family architecture
have been prescrved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data memory,
while the AT89CI0S1 has 64 bytes. Thus, in the AT89C1051
the stack depth is limited to 64 byies, the amount of available
RAM. External DATA memory access is not supported in
cither device, nor is external PROGRAM memory execution.
Therefore, no MOVX [...] instructions should be included in the
program.

A typical 80C51 assembler will still assemble instructions, even
if they are written in violation of the restrictions mentioned
above. Itis the responsibility of the controller user 1o know the
physical features and fimitations of the device being used and
adjust the instructions used correspondingly.

AIMEL »
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Program Memory Lock Bits

On tlhc chip are two lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listcld in the table below:

Lock Bit Protection Modes'"

Program Lock Bits
LBt LB2 | Protection Type
1 U U | No program lock features.
5 p U Furthey prpgramming of the
Flash is disabled.
:3 p p 2a;‘ns<; az (rjr.\ode 2, also verify
No(éc: 1. The Lock Bits can only be erased with the Chip Erase
operation
1
Id}e Mode

In f;dle mode, the CPU puts itself to sleep while all the on-chip
peripherals remain active. The mode is invoked by software.
Th§ content of the on-chip RAM and all the special functions
regjsters remain unchanged during this mode. The idie mode can
be tetminated by any enabled interrupt or by a hardware reset.

Pl.:O and P1.1 should be set to 0’ if no external puliups are used,
or setto ' 1’ if external pullups are used.

It should be noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, 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 p;on pin when Idle is terminated by reset, the instruction fol-
lmiving the one that invokes Idle should not be one that writes to
a pion pin or to external memory.

|
Piower Down Mode

In the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers 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 Ve is restored to its normal operating

tevel and must be held active long enough to allow the oscillator

to restart and stabilize.

PI.0 and P1.1 should be sct to 0" if no external pullups are used,
orsetto 1" if external pullups are used.

e S

100

Programming The Flash

The AT89C205! is shipped with the 2 Kbytes of on-chip

PEROM code memory array in the erased state (i.c., contents =

FFH) and ready to be programmed. The code memory array is

programmed one byte at a time. Once the array is programmed,

1o re-program any non-blank byte, the entire memory array

needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains an in-

ternal PEROM address counter which is always reset to 000H on

the rising edge of RST and is advanced by applying a positive
going pulse to pin XTALI.

Programming Algorithm: To program the AT89C2051, the

following sequence is recommended.

1. Power-up scquence:

Apply power hetween Vec and GND pins

Set RST and XTAL! to GND

Wilﬁ‘all other pins Noating, wait for greater than 10
milliscconds

2. SevpinRST w0 'H’

Setpin P3.2t0 'H’

3. Apply the appropriate combination of "H' or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to sclect one of the pro-
gramming operations shown in the PEROM Programming
Modes table.

To Program and Verify the Array:

4. Apply data for Code bytc at location 000H to P1.0 1o P1.7.

5. Raise RSTto 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array or
the lock bits. The byte-write cycle is sclf-timed and typi-
cally takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic 'H’ level and st pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTALL! pin once to advance the internal address counter.
Apply new data to the port P1 pins.

9. Repeat steps S through 8, changing data and advancing the
address counter for the cntire 2 Kbytes array or until the
end of the object file is reached.

10. Power-off sequence:
set XTALI to'L"
set RSTto 'L’
Float all other 1/O pins
Turn Vee power off

* AT 9 C 205 1 0000000000000
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Data Polling: The AT89C2051 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an attemplted
read of the last byte written will result in the complement of the
written 'data on P1.7. Once the write cycle has been completed,
trug data is 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 bhe
monitored by the RDY/BSY output signal. Pin P3.1 is pulled
low after P3.2 goes High during programming to indicate
BUSY. P3.1 is pulled High again when programming is done to
indicatc READY.
Program Verify: If lock bits LB and LB2 have not beea pro-
grammed code data can be read back via the data lines for veri-
fication:
. Resft the internal address counter to (KKOH by bringing RST
froth L™ 10 "H".
2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.
KH Puléc pin XTAL1 once to advance the internal address
counter.

4. Read the nextcode data byte at the port P1 pins.
5. Rcr;}cal steps 3 and 4 until the entire array is read.

E

!
Flash Programming Modes

AT89C2051

The lock bits cannot be verificd direetly. Verification of the fock
bits is achicved by obscrving that their features arc enabled.

Chip Erase: The cntirc PEROM array (2 Kbytes) and the (wo
Lack Bits are crased clectrically by using the proper combina-
tion of control signals and by holding P3.2 low for 10 ms. The
cade array is written with all *1”s in the Chip Erase operation
and must be exccuted before any non-blank memory hyte can be
re-programmed.
Reading the Signature Bytes: The signature bytes are read by
the samc procedure as a normal verification of locations O00H,
O0TH, and 002H, except that P3.5 and P3.7 must be pulied to a
logic low. The values returned are as follows.

(00H) = 1EH indicates manufactured by Atnel

(0O1H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flush array can be written and the cntire
array can be crased by using the appropriate combination of con-
trol signals. The write operation cycle is sclf-timed and once in-
itiated, will automatically time itself to complction.

Al major programming vendors offer worldwide support for the
Aumcl microcontroller serics. Please contact your lacal pro-
gramming vendor for the appropriate software revision.

i P3.2/
Modd RST PROG P33 P34 P3.5 P3.7
Write Code Data’' 12V X L H H H
Read Code Data" H H L L H H
Write Lock Bit - 1 12V pa H H H H
Bit-3 12v e H H L L
Chip fErase 12V "\__/‘2) H L L L
Read'Signature Byte H H L L L L
Notes: 1. The internal PEROM address counter is reset to 000H onthe 2. Chip Erasc requires a 10 ms PROG putse.

rising cdge of RST and is advanced by a positive pulsc at
XTALI pin.

E ATMEL

pavenT M

3. P3.1 is pulied Low during programming to indicate RDY/BSY\.

101
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Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory &V
AT89C2051 b AT89C2051
o ] il
RDY/BSY <+—— P31 Vee e
| PROG  —»| P32 P [a-— POM Vi —¥ P32 P11-» gff&
———»{ P33 —»] P33
—» P34 SEEFLASH ——»{ P3.4
| see FLASH PROGRAMMING
PROGRAMMING ————» P35 MODES TABLE ——» P35
MODESTABLE | ... N
|
L xTALY RST te—— Vy/Vpp ] e xTALY RST [¢——— Vi
TO,INCREMENT GND GND
ADDRESS COUNTER _L— f
|
i
|
Flash Programming and Verification Characteristics
Ta f;=‘21°c to 27°C, Voe = 5.0 £ 10%
Siymbol Parameter Min Max Units
Vpp Programming Enable Voltage | 11.5 12.5 \Y
|F;:P‘ Programming Enable Current 250 pa
toveL Data Setup to PROG Low 1.0 ps
tdHpx Data Hold After PROG 1.0 HS
tEHSH P3.4 (ENABLE) High to Vpp 1.0 us
tSHGL Vpp Setup to PROG Low 10 s
tGHSL Vpp Hold After PROG 10 us
tLeH PROG Width 1 110 us
teLav ENABLE Low to Data Valid 1.0 us
tenaz Data Float After ENABLE 0 1.0 us
tdHsL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
teHIH RDY/BSW\ to Increment Clock Delay 1.0 Hs
mfm_ Increment Clock High 200 ns

]
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Flash Programming and Verification Waveforms

|
PORT 1 C DATA IN DATAOUT p—~ ——
E = tovar  taHox
P pP3.2
: (PROG) /
e———»! ¢
—logH—" | ot
RST Ve 1o \LoGie 1
(71> B A B TelcTeXy R
' - = lensu ; teoy Milang *— lenoz
L P34 , ;
ENABLE ’
( ) | toraL ”“
iP3.1
(RDY/BSY) BUSY READY
-t
1 twe 47
XTAL1 term
(INCREMENT —
ADDRESS)
[
{
i
Absolute Maximum Ratings*
' . e o *NOTICE: Stresses beyond those listed under “Absolute Maximum
Opélratmg Temperature............cc.... -55°C to +125°C Ratings™ may causc permancnt damage to the device. This is a
ace o stress rating only and functional operation of the device at these
Storage Temperature.........cc.oooeo.. 65°C to +150°C or any other conditions beyond thosc indicated in the operational
Volt‘age on Any Pin sections of this specification is not implied. Exposure to absolute
witt Respect to Ground ........c.ccueeeee -10Vto+7.0V nfaxim«fm.rz'ning Copflitiogs for eyiepdod geriods may affect de-
r vice reliability.
L. .
Maximum Operating Voltage .......c.....ccceeciece. 66V
DC Output Current.........ccceerveeereeccessieenaenens 25.0 mA
13
i
4
i
!
¢
;
i
]
i
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. AT

D.C. Characteristics
Ta % -40°C to 85°C, Vo = 2.7 V1o 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min ’ Max Units
Vit input Low Voltage -0.5 0.2 Vce-0.1 v
Vil Input High Voltage . (Except XTAL1, RST) 0.2 Vee+0.9 Veg+05 -V
Vit input High Voltage (XTAL1, RST) 0.7 Vce Vee+0.5 Vv
VL Qutput Low Voltagem loL=20mA, Vcc=5V 05 Y
(Ports 1, 3) loL=10mA, Vcc=27V )
loH = -80 pA, Vcc =5V + 10% 24 \
v i“ Output High Voltage £ -
(Ports 1, 3) lod = -30 yA 0.75Vcc \'
| loH = -12 A 0.9 Veo v
; Logi
] gical O Input Current . i
lu_s (Ports 1, 2, 3) ViIN=045V 50 uA
Logical 1 to O Transition
| a _
T . Current (Ports 1, 2, 3) P =2Y 750 HA
input Leakage Current +
W tPort P1.0, P1.1) O WIN= Yee +10 HA
i Comparator Input Offset 2
V?s Voltage Vec=5V 20 mV
(L Comparator input
Vz M Common Mode Voltage @ Vee v
RRST | Reset Pulldown Resistor 50 300 KQ
Clo Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 .pF
i Active Mode, 12 MHz, Vcc =6 VI3 V 15/5.5 mA
E Power Supply Current Idle Mode, 12 MHz, Vo = 6 VI3 V o1 A
ice P1.0&P1.1 =0V orVcc )
Vec=6VP1.0&P1.1=0VorV 100 A
Power Down Mode(® < Rige g 200 B
Vee=3VP1.0&P1.1=0VorVcc 20 HA
Notés: 1. Under steady state (non-transient) conditions, ol must I IOL exceeds the test condition, VOL may exceed the
T be externally limited as follows: related specification. Pins are not guaranteed to sink
% Maximum loL per port pin:20 mA current greater than the listed test conditions.
i Maximum total IOL for all output pins:80 mA 2. Minimum Vcc for Power Downis 2 V.
i
104
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Serial Port Timing: Shift Register Mode Test Conditions
(Vfcc = 5.0 V + 20%; Load Capacitance = 80 pF)

I 12 MHz Osc Variable Oscillator

Symbol | Parameter Min Max Min Max Units
tXLxL Serial Port Clock Cycle Time 1.0 12tcLeL ps
tavxH Output Data Setup to Clock Rising Edge 700 10tcrer-133 ns
tXHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
t;(HDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

Shift Register Mode Timing Waveforms

y
1
;lNSTRUCTION | 0 1 1 | 2 [ 3 | 4 | 5 | -6 I 7 | 8 I
! lc——0|t

I XLXL

]

CLOCK Y | Gagdl Ao N R A=\\ N
, v [‘——’_, 109 tm(l)xx P—
WRITE TO SBUF 0 | X1 D X /X E 53 41 6 7
; v e 1 bex SETT
'OUTPUT DATA txrov
¢ CLEARR! - )
f ¥
E INPUT DATA . SETRI T
b

AC Testing Input/Output Waveforms”  Float Waveforms’

I
Vee-05V

02Vs+09V Vo orv

AT89C2051 mseesssessss———————

; TEST POINTS Viono Timing Beference
i 0.2 V- 0.1V Points
.. -0. 0.1V
+ 045V cc VLvo v OL¢0.1 v
i
Note: 1. AC Inputs during testing are driven at Vcc-0.5 V fora Note: 1. For timing purposes, a port pin is no longer floating when a
E logic 1 and 0.45 V for a logic 0. Timing measurcments 100 mV change from load voltage occurs. A port pin be-
f are made at V{4 min. for a logic 1 and Vi1 max. for a gins to {loat when a 100 mV change from the loaded
E logic 0. Vo' VoL level occurs.
E
]
I
!
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20 - oy e e m ot dimy ik dmm e wam
i | 15+ 4‘
| C 10— = |
i / Vee=3.0V g
| "5 | - —
, AT :
| L i i
! 0 i % |
i 0 6 12 18 24
' FREQUENCY (MHz)
|
i
i
! AT89C2051
! TYPICAL ICC - IDLE (85°C)
| 3
Vee=6.0V
| {
.i - | . |
f CC: Vee=5.0V
o
S
E A
i Vee=3.0V
' 0
! 0 3 6 9 12
i FREQUENCY (MHZz)

|
i
|
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AT89C2051
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)

20 1

-

15

]

/

5 p—

10 /

/

3.0v 4.0V

5.0V

Vee VOLTAGE

1. XTALI tied to GND for Icc (power down).
2. P.1.0and PL.1 = Vccor GND.
3. Lock bits programmed.

6.0V
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
13 |27Vtes0V AT89C2051-12PC 20P3 Commercial

AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12P! 20P3 Industrial

I AT89C2051-128! 20S (-40°C t0 85°C)

24 40V106.0V AT89C2051-24PC 20P3 Commercial

AT89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24P] 20P3 Industrial

i AT89C2051-24S! 20S (-40°C to 85°C)

|

E

k

i —

I

|

3

!

:

, Package Type

20P3! 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)
20S | 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

AREmnere
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Paékaging Information

AIMEL

|
20P3. 20 Lead. 0.3007 Wide,
Plastie Dual Inline Package (PDIP)

k.

| : 1.060 (26.9
E = YT a—
— 1

|

i 1
AR e e R e
; /) //TDD i

(! /
i L\ i !
‘oo TUU

—] | 0900229
Q00122 84) MAX,

i
210(5.33) — [-— .005 (.127)
MAX -1 MIN.
U e e
SEAING 1 L - L ,_{

Lid
t
i

PLANE i
L D B L !"
150 (3.81) | i
529 | | I .022(559)
— "’“l L* 014 (.356
| 070(1.78)
110[2.79) i@} .
) 090 (2.29) P L3
! ; . .325(8.26)
i t | 300072
'{—m——\ [4
i,;"L R 15REF
0141356) 1~ il
008 | R \Qr‘/
‘ : | 430 10.92) MAX

*Controlling dimension: millimeters

ﬁ—{
D15 (.381) MIN

20S. 20 Lead, 0.300" Wide,
Plastic Gull Wing Small Qutline (SOIC)

020(.508) _ .
013(330) |
m e B T
N \\! 1 " P ] ‘
§ \,, VR !
N ’ b 299 (7.60) 4201_0 7)
; 291 (7.39) .39319.98)
L q H
PNTID 12 it i
~h"_—-=._\ SEs -.A F—, '! ___..__.!
S Lo K P I
» —~  .050(1.27)8SC
, 513(13.0
3 '?97 ((12.6)) ! - 105(2.67)
; . i { 092(234)
= N i
LSL (S AN -.—:-_—{:_ T
.012(.305) | ;
003 (.076)
—_— _ :013(.330)
e I 009 (229)
I PO & l_..
R\ 035(0.889) !
_gREF 015 {.381)
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Y/, HICROELECTRONICS

ULN2801A
ULN2802A - ULN2803A
ULN2804A - ULN2805A

{

EIGHT DARLINGTON ARRAYS

§

« EIGHT DARLINGTONS WITHCOMMON EMIT-
TERS

« OUTPUT CURRENT TO 500 mA

« OUTPUT VOLTAGE TO50 V

« INTEGRAL SUPPRESSION DIODES

« VERSIONS FOR ALL POPULARLOGIC FAMI-
LIES

« OUTPUT CAN BE PARALLELED

« INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY BOARD LAYOUT

]
¢

——— —t W~ v e e

i
DéSCRI PTION

Thse ULN2801A-ULN2805Aeach contain eight dar-
lington transistors with common emitters and inte-
gral suppression diodes for inductive loads. Each
datington features a peak load current rating of
600mA (500mA continuous) and can withstand at
least 50V inthe off state. Outputsmay be paralieled
for higher current capability.

Five versions are available to simplify interfacing to
standard logic families : the ULN2801A s designed
for general purpose applicationswith a current limit
resistor; the ULN2802Ahas a 10.5kQ inputresistor
and zenerfor 14-25VPMOS ; the ULN2803Ahas a
2.7kQ input resistor for 5V TTL and CMOS ; the
ULN2804A has a 10.5kQ input resistor for 6-15V
CMOS and the ULN2805A is designed to sink a
minimum of 350mA for standard and Schottky TTL
where higher output cument is required.

AII; types are supplied in a 18-lead plastic DIP with
a copperlead fromand featurethe convenientinput-
opposite-output pinout to simplify board layout.

DiP18

PIN CONNECTION (top view)

IN Y

IN 2

iN 3

IN &

1/8
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

i

SiCi‘lEMATIC DIAGRAM AND ORDER CODES

Fdr ULN2801A (each driver for PMOS-CMOS)

For ULN2802A (each driver for 14-15V PMOS)

-+
N [
] ! )
' {
l 1 7.2k 3k t
1o !
1 1
] L -
EACH DRIVER S )

10.5«0 ) 4 out

IN 1

i [}

i

i 12k 3kN) *

1 1

[ !

e e e —— - —— -

EACH DRIVER ©-1584

!

For ULN2804A (each driver for 6-15 V
CMOS/PMOS

27k

i
l
i 1.26Q
i
{

o v ————

WSkd

For ULN2805A (each driver for highout TTL)

f——ﬂ——o COM

1OSKQ T -QouT

~
N
P
=3
W
=
P
~»t

¢ HACH DRIVER

—— o owm % o ow

v e w——— v i ——— ——— e S il vm o m——— —
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
i Vo Output Vottage 50 \Y
Y input Voltage v
i for ULN2802A, UL2803A, ULN2804A 30
i for ULN2805A 15
Pole Continuous Collector Current 500 mA
i Ig Continuous Base Cument 25 mA
t Prot Power Dissipation w
{one Darlington pair) 1.0
s (total package) 225
, Tamb Operating Ambient Temperature Range -20t085 °C
i Tstg Storage Temperature Range - 55to 150 °C
E Tj Junction Temperature Range — 20to 150 °C
]
THERMAL DATA
Symbol Parameter Value Unit
Rinjamp | Themmal Resistance Junction-ambient Max. 55 °C/W
]
[ 3K
ELECTRICAL CHARACTERISTICS (Temb = 25°C untess otherwise specified)
Symbo! Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
lcex | Output Leakage Current Vce = 50V 50 pA | 1a
Tamb = 70°C, Ve = 50V 100 | pA | 1a
E Tanﬁ = 70°C
; for ULN2802A
| Vee = 50V, V; = 6V 500 | pA | 1b
¥ for ULN2804A
Vee = S0V, V; = 1V 500 | wuA | 1b
Voe@ay | Collector-emitter lc = 100mA, g = 250nA 0.8 1.1 \'4
Saturation Voltage lc = 200mA, Iz = 350uA 1.1 1.3 A" 2
ic = 350mA, Ig = 500uA 1.3 1.6 A"
Hom | Input Current for ULN2802A  V; = 17V 082 | 125 | mA
! for ULN2803A ;= 3.85V 0.93 135 mA
: for ULN2804A V=5V 0.35 0.5 mA 3
¢ Vi=12v 1 1.45 mA
£ for ULN280SA V=3V 1.5 24 | mA
fem | Input Current Tamb = 70°C, Ic = 500pA 50 65 pA | 4
Vieny | Input Voltage Vee=2V
for ULN2802A 13 A\
: Ic = 300mA
H for ULN2803A 24 '
| lc = 200mA 27 | v
Ic = 250mA 3 \'"
J lc = 300mA ]
E for ULN2804A 5 \'
lc = 125mA 6 \'
i Ic = 200mA 7 Y
¢ Ic = 275mA 8 v
: lc = 350mA
, for ULN280SA 24 | v
lc = 350mA
Nee DC Forward Current Gain for ULN2801A
N Vee = 2V, Ic = 350mA 1000 - |2
Ci Input Capacitance 15 25 pF -
teLu Tum-on Delay Time 0.5 Vito 0.5V, o 0.25 1 tws | -
tdy | Tum-off Delay Time 0.5 Vito 0.5V, 025 | 1 ps | -
Ir Clamp Diode Leakage Cumrent | Vr'= 50V 50 uA | 6
' Tamb = 70°C, Vg = 50V 100 | pA ]| 6
Ve Clamp Diode Forward Voitage ¢ = 350mA 1.7 2 \'4 7
3/8
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN280SA

TEEST CIRCUITS
Figure 1a.

‘ Figure 1b.

B R i e T T S —

Figure 5.
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Figure 6. Figure 7.
:
!
i OPEN
. % i
f
' -9
11
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN280SA

& ..

Figure 8 : Coliéctor Current as a Function of Figure 9 : Collector Cumrent as a Function of
. Saturation Voltage. Input Current.
$-4%21 Q- 492)
P od o ! ‘
2 7
e /7
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! >
Y 4
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400 v > —
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R }
A S 200 -
0 £ 1(§ 4
: A /
L —A4 ‘ AR
‘ =14 ’ L1
! 0 0s 10 1S opuf?? ° 200 <00 I pas

Figyre 10 : Allowable Average Power Dissipation Figure 11 : Peak Collector Current as a Function

: as a Function of Ambient Temperature. of Duty Cycle.
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Figure 12 : Peak Collector Current as a Function Figure 13 : Input Current as a Function of Input
. of Duty. Voltage(for ULN2802A).
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ULI‘§2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

Figure 14 : nput Current as a Function of Input Figure 15 : Input Current as a Function of Input

' Voltage (for ULN2804A) Voltage (for ULN2803A)

l . G- 4028 1]
(v:uu (:n /
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Figure 16 : Input Current as a Function of Input

Voltage (for ULN2805A)
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A

DIR18 PACKAGE MECHANICAL DATA

i

k mm inch
| DIM.
MIN. TYP. MAX. MIN. TYP. MAX.

- 0.254 0.010
I
| B 1.39 1.65 0.055 0.065
;b 0.46 0.018
1
. bt 0.25 0.010
E D 23.24 0.915
b e 8.5 0.335
I e 2.54 0.100
]

e3 20.32 0.800
Vg 7.4 0.280
Yo 3.93 0.155

L 33 0.130

z 127 1.59 0.050 0.063
E
]

';“
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i
b B ]
Z — |
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|
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54374/74374

Octal D-Type Transparent Latches and.Edge-Triggered Flip-Flops.

313:

Schottk

y TTL

High- Speed TTL

Low-Power Schottky TTL

Standard TTL

Low-Power TTL

Device Type

Package

C

P im|cF

Device Type

i Package
.l clipP ] MICF

Device Type

Package
CiPIM|CF

i
Device Type i

Package

Package

Device Type|—

Qj PIM{CF

SN34SIT

3

! SNSILSINU 3

CiP{M|CF

LI

T

SN1¢SIN

gt

N'«i

SNTLSIN

3N

v
:
T |
)

FAIRCHILD

fAOTOROLA

fis.C.

PHILIPS

SIGNETICS
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SIEMENS
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Efectrical Characteristics SNS54L.S374/SN74L.S374

absolute maximum ratings over operating free-air temperature range

(Top View)

Suoply voilege, Voo V| Operstng tree-sw TSNSALST —s5T 10 125T
inout voltage 7V | temperiture range [ SNTaLS 9T to 10T
Storage temperature fange -65T to 50T
recommend operating condilions
SNS4LS374 snN74Ls37a T, o
MIN  NOM MAX | MIN NOM MAX
Suopty voitage, Voo 4.5 5 51478 5 5.2 v
Hagh-level ouiput voltage. Vo -40 —400 | wA
Hgh-level output current, Loy 16 16{ mA
Hegh| 15 15
wuth of aiock ensdl: outse, ¢ L
9 Bules. tw Tow| o8 1] "3 SNBALSITC L) SNIALSTZ4 (4, NI
Oata b te, tngra [H 21 ns SNE45374 () SNT48374 (4, N)
Setn twe. tsqup 2073 207 ns
Ovperating free-ar temperature. T4 —58 528 0 70 5
electrical characteristics over recommended oparating free-air L8374, 5374
temoerature range (uniess otherwise noted) FUNCTION TABLE
PARAMETER TEST CONDITIONS $ MIN TYP3$ MAX | UNIT
Vi Hwgh-ievel wout vollage 2 v OQUTIUT | locx © | ouTteur
Vip Low-level nout voltage 2.8 v CONTROL.
VK lnout camo voitage Veg=MIN, [j==18mA -1.5§ Vv t H H
.
VEC=MIN, V=2V, L i L L
v High-leve! outpul vol! 2.4 2 v
o nil 10t voliage Vi BV mex, lgn =MAX t Lt X Qg
VGe =MIN, H X X z
VoL Low-level output vodage ViH =2V, 1oy, =24mA 0.3 05| v
Vi =Vq mex
Oft-state cutput current. VOO =MAX, V=2V,
[ A
OZH o on-level voltage soDked vo=2.v id
\ Otf-state output current, VCC =MAK, V=2V, 0] ua
OZL  \u-tevel voliage apphed Vo =0.4v s
Ingut current at
. Vog =MAX, Va1V . A
! maximum nput voltage ce 0.1; m
™ High-lavel nput current Vee=MAX, V=2V 2| uA
Y Low-evel mout current Ve =MAX, V=04 =-0.41 ma
10§ Shortoweurt outout current § | VCC =MAX -30 -130 | mA
VCC=MAX,
Icc  Suopty current o Output control ar w.sv L5374 2 @l ma
switching charscteristics. VCC=5V. Tp=25C
FROM | YO
PARAMETER | || ; | ¢ ) TEST CONDITIONS MIN  TYP MAX [ UNT
Tmax 35 7 MHZ
':‘-” Deta Any 0
[y
C~4%F, R =670, C
LI Cloot o {0 S:.N::s 2 a3 " LI .
1PHL anadie 3] 23
1PZH Outout | 20 a
A
o2 Contra | AT O w ay "
! Output | =SoF, Ay =6670, ]
PHZ utou! i Any Q Cy =SoF In 2 2 "
oL 7 Control See Note 3 13 25

1 For conditions saown a3 MIN or MAX, use the 200rOpriate vaise spectled under rocommended

opsrating conditions.

AU typicat vakues are at Voo =5V, Ty =25T.

§ Not more then one ouiDul shouid de snorted at & L'me and Guration of 1he ShOFt CwNt should

oL exceed one second.

NOTES: 2. Maxenum Cioce WeQUENCY +4 163380 wiin B OutDuls Oaded.
1. See losd cwouits G wavekrms on oage J-11.

fogy WMExMWM COCK frequency

P

Colay tima,

g kot

tPML

datay tene. S

autant

1PZH MOUTOUL SNEDIN Time 10 Mo laver
171 2OUOUL enatie Lime 10 Ow tevel
1DMZ BOUOUT Gr3adie (M rom hQh Wved
191 7 AOUtDUl Gr3adie Time oM low dvet





