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EXPLORER MODULE

Supaluk Pokakul

Kitti Tanakonpisoot
Itthichai Arunseesangchai
Advisor

2001

ABSTRACT

This project is a study of the electronic controlling system  of an explorer
module. The explorer s module  uses  microcontroller MCS-51" to  control motors
which  used to  drive the cxplorer module.  The operation modec consist of two
modes, which arc manual and automatic mode, manual mode can be controlled by
the command through JOY STRICK and automatic mode can move the cxplorer
module and avoid the obstruction object automatically by the ‘using ultrasonic. On

explorer module its also loaded a camera to transmit the image to the controller.
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007C — SEPTEMBER 1973 = REVISED OCTOBER 2000

Fast Response Times

Strobe Capability

Maximum Input Bias Current .. . 300 nA
Maximum Input Offset Current. .. 70 nA
Can Operate From Single 5-V Supply

Designed to Be Interchangeable With
National Semiconductor LM111, LM211, and
LM311

Available in Q-Temp Automotive

- High Reliability Automotive Applications
— Configuration Control/Print Support

— Qualification to Automotive Standards

description

The LM111, LM211, and LM311 are single
high-speed voltage comparators. These devices
are designed to operate from a wide range of
power-supply voltages, including £15-V supplies
for operational amplifiers and 5-V supplies for
logic systems. The output levels are compatible
with most TTL and MOS circuits. These
comparators are capable of driving lamps or
relays and switching voltages up to 50V at 50 mA.
Allinputs and outputs can beisolated from system
ground. The outputs can drive loads referenced to
ground, Vee+ or Voc-. Offset balancing and
strobe capabilities are available, and the outputs
can be wire-OR connected. Ifthe strobe is low, the
output is in the off state, regardless of the
differential input.

EMIT OUT(]

NC
IN+
NC

NC

LM111...JG PACKAGE

(TOP VIEW)
U

IN+[]
IN-[]

8
7lc
6

Vee-[] 5

B WN =

LM211, LM311...D, P, OR PW PACKAGE

] Ve

OL OUT

] BAL/STRB
BALANCE

LM111 ... FK PACKAGE

(TOP VIEW)
}_.
D
e}
E,L 0
(O] O O
28 2 %
/40 S | T | B S |
3 29 1920 18
[ 4 18] NC
5 17[] coL ouT
6 16 [] NC
7 15[] BAL/STRB
18 14[] NC
910 11 1213
o s o ¥ |
(@] Ll> o wo
29 Z LZ) -1
<
-
)<
. m

NC - No internal connection

The LM111 is characterized for operation over the full military temperature range of -55°C to 125°C. The LM211
is characterized for operation from -40°C to 85°C. The LM211Q is characterized for operation over the full
automotive range of =40°C to 125°C. The LM311 is characterized for operation from 0°C to 70°C.

functional block diagram

BAL/STRB ——=mms -

coLouT

EMIT OUT

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as o!#)ublicnlion date.
Products conform to specificalions per the terms of Te:

tesling of all pala'm;alers. i GRE) T % TEXAS
INSTRUMENTS

POST OFFICE BOX Ghosts ® DALLAS. TEXAS 75265

Copyright © 2000, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless ‘olhuwisc noted. On all other products, production
processing does not necessarily include lesling of all parameters.
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007C — SEPTEMBER 1973 — REVISED OCTOBER 2000

schematic

AVAILABLE OPTIONS

PACKAGED DEVICES
T Vio max Pé',clf\[f CECR:“I';“C CERAMIC | PLASTIC | PLASTIC CHIP
AT 25°C DIP DIP TSSOP FORM
OUTLINE | CARRIER | Jc) & s
(D) (FK)
0°C to 70°C 75mv | LM311D LM311P | LM311PWR
Z40°C to 85°C amv_ | LM211D LM211P
LM311Y

40Ct0 125C | 3mv | LM211QD
T55°C 1o 125°C | 3mV LMT11FK | LM1i1JG

BAL/STRB BALANCE

450 Q

IN+

The D package also is available taped and reeled. Add the suffix R to device type (e.g., LM311DR). The PW package
is only available taped and reeled. Chip forms are tested at 25¢C only.

Component Count
Resistors 20
Diodes 2
EPIFET 1
450 Q Transistors 22
*—9 o o ° ® ® Vee+
% 750 Q 600 Q
24 | 24 9
kQ | kQ 70 Q ¢
¢ @
2 1.2k ’ e X
< 4 i VA x
15 {AR e
._.;{ S
L Ao 1.2 k() ) ﬁ
4 kQ
ot tﬁ COL ouT
k. O WA
M 60 Q
450 Q )
2500 2000 Vee-
2kQ
— EMITOUT

All resistor values shown are nominal.

“'} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007C — SEPTEMBER 1973 — REVISED OCTOBER 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage: Vg (See NOte 1) oo 18V
Voo- (S8 NOte 1) Lo -18V

A oo T o M R 36V

Differential input voltage, Vip (see Note 2) ... .. i +30 V
Input voltage, V| (either input, see Notes 1and 3) ... #15 'V
Voltage from emitter oUtpUt 10 VG oo v ov v 30V
Voltage from collector outputto Voo LM Lo oo 50 V
Y o P 50 V

LIMZTTQ oo e oo s o e min o o i oo $580 85 06 85 006 % 005 308 6 605 50 V

R g P PR R 40 V

Duration of output short circuit (see Note 4) ..ov i i 10s
Continuous total dissipation . ..o .ot i e e See Dissipation Rating Table
Package thermal impedance, 0ya (see Note 5). D package ........ ... 97°C/W
Ppackage ... .o .ot 85°C/W

PWpackage ... ...oovviiiiniiiiiiiii 149°C/W

Case temperature for 60 seconds: FK package .. ... i 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J or JG package ................ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D, P, or PW package ............ 260°C
Storage temperature range, Tatg + + e+ v oo fu b i e —-65°C to 150°C

1 Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions™ is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the: midpoint between Vge+ and Vee-.

,2. Differential voltages are at IN+ with respect to IN—.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or +15 V, whichever is less.
4. The output may be shorted to ground or either power supply. i
5. The package thermal impedance is calculated in accordance with JESD 51-7.
DISSIPATION RATING TABLE
PACKAGE Ta £25°C DERATING DERATE Ta=70°C Ta =85°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
FK 500 mW 11.0 mw/°C 105°C 500 mW 500 mW 275 mW
4G 500 mW 8.4 mW/"C 90°C 500 mwW 500 mW 210 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vcc+ —Vec- 3.5 30 \
Input voltage (Vo <15 V) Vee-t0.5  Vece+-1.5 Y
LM 111 -55 125
LM211 -40 85 )
Operating free-air temperature range, Ta “C
LM211Q -40 125
LM311 0 70

"@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 3
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LM2904,LM358/LM358A,LM258/
LM258A

DuaI%Operational Amplifier

Features

Internally frequency compensated for unity gain
Large DC voltage gain: 100dB

Wide power supply range:

LM258/LM258A, LM358/LM358A: 3V~32V (or
+1.5V~16V)

LM2904 : 3V~26V (or £1.5V~13V)

Input common mode voltage range Includes ground
Large output voltage swing: 0OV DC to Vce - 1.5V DC
Power drain suitable for battery operation.

Internal Block Diagram

Description

The LM2904,LM358/LM358A, LM258/LM258A consist of
two independent, high gain, internally frequency

compensated operational amplifiers which were designed
specifically to operate from a single power supply over a
wide range of voltage. Operation from split power supplies
is also possible and the low power supply current drain is
independent of the magnitude of the power Supply voltage.
Application areas include transducer amplifier, DC gain
blocks and all the conventional OP amp circuits which now
can be casily implemented in single power Supply systems.

8-DIP

8-SOP Jd

out1(1) °
Nt (-) ()
Nt (+) (&)

ano(4)

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation



LM2904,LM358/LM358A,LM258/LM258A

Schematic Diagram

(One section only)

o Jof o)
H

Q3
IN(-) e c1
O— Q1 o ll |
O - ]
IN(+) _K
O e
Q11 W
5 Q10 Q14
o8 Q9
Q13
O
Absolute Maximum Ratings

Parameter Symbol LM258/LM258A LM358/LM358A LM2904 Unit
Supply Voltage Vcce +16 or 32 +16 or 32 +13 or 26 \
Differential Input Voltage VI(DIFF) 32 32 26 v
Input Voltage \ -0.3 to +32 -0.3 to +32 -0.3 to +26 \%
Output Short Circuit to GND > ; )
Vees15V, TA = 25 °C(One Amp) - Continuous Continuous Continuous -
Operating Temperature Range TOPR -25~+ 85 0~+70 -40~ + 85 °C
Storage Temperature Range TSTG -65 ~ + 150 -65~ + 150 -65~ +150 °C




LM2904,LM358/LM358A,LM258/LM258A

Electrical Characteristics
(Vec = 5.0V, VEE = GND, T = 25 °C, unless otherwise specified)

. LM258 LM358 LM2904 )
Parameter Symbol Conditions A - Unit
Min. | Typ. | Max. | Min.| Typ. | Max. | Min. | Typ. | Max.
Input Offset Vcm = 0Vio Vce
Voltage -1.5V
Vio VO(P) = 14V, - 129|50]| - (29]7.0 - 29 | 70 | mV
Rs =0Q
Input Offset
Current ITe) - - 3 30 - 5 50 - 5 50 nA
Input Bias
Current IBIAS - - |45 | 150 | - | 45 | 250 | - 45 | 250 | nA
Input Voltage Vce = 30V Vee Vce Vce
Range VIR) | (LM2904,Vcc = 0 s 0 - |-15( 0 - 15V
26V) ¢
RL =, VCcC =30V
Supply Current (LM2904, Vce = - 1081 20 - 108] 20 - 0.8 | 20 | mA
26V)
I RL = ,over full
%2 /o 064 1.2 pey 05 4 ey 05 1.2 | mA
temperature range
Large Sigpal Vce = 15V,
Voltage Gain Gv RL=2KQ 50 | 100 | - 25 1100 | - 25 | 100 - |V/ImV
Vo) =1V to 11V
VoH) | Vcc= | RL= 3 g
30V 2KQ 26 | - 26 | - - 22 - - \Y
; Vee =4 || BL=
Output Voitage 26V Tor | 10KQ | 27 [ 28 | |27 | 28| < f23 | 2a | - | v
Swing 4 Vo) | LM2904
vce = 5V,
RL>10KQ - 5est® 0 () - 5 1 20 5 100 | mV
Common-Mods | ey : 70 | 85| - | 65|80 | - | 50| 8 | - | dB
Rejection Ratio
Power Supply | pgpg § 65 |100| - | 65 |100| - |50 | 100 | - | aB
Rejection Ratio
T cs | f=1KHzto20kHz | - |120] = | < {120 < | - |[120]| - | oB
Separation
Short Circuit to
GND Isc - - | 40| 60 - | 40 | 60 - 40 60 | mA
Vi(+) = 1V, Vi(-) =
ov
ISOURCE Vee = 15V, Vo) 10 | 30 - 10 | 30 - 10 | 30 - mA
=2V
Vi(+) = 0V, Vi(-) =
QuipIHC e W .vec=15v, |10 15| - |10]15| - [ 10| 15| - | mA
ISINK VO(P) kd
Vi(+) = OV, V()
=1V, Vcc =15V, | 12 [ 100 | - 12 [ 100| - - - - pA
Vo(p) = 200mV
Differential Input } ) } : i )
Voltage VI(DIFF) ) vVce vVce vVcc | V




LM555/LM555C Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode
of operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features

m Direct replacement for SE555/NE555

m Timing from microseconds through hours

m Operates in both astable and monostable modes

NNational Semiconductor

February 1995

Adjustable duty cycle

Output can source or sink 200 mA

Output and supply TTL compatible
Temperalture stability better than 0.005% per °C
Normally on and normally off output

Applications
Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator

Schematic Diagram

[
Vee O

w2
1
J1B:
! o “W
Rl
s ar
az
SRR
(] ")' "
THHESHOLD ©
R¢
coNTROL & (23 Vo) J o
VOLTAGE
1 R 1
GND O] 10k 015 16 — oureut
ax
2 o o
TRIGGER O— o o417 =
Vee) AT
120
WA— 028
<4 b
aiz 013 Sa Ty
4 n
RESET az5 1
7 ¢
DISCHARGE O——r\
an l
TL/H/7851-1

©1995 National Semiconductor Corporation  TL/H/7851
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation (Note 1)
LM555H, LM555CH 760 mW
LM555, LM555CN 1180 mW

Operating Temperature Ranges
LM555C
LM555

0°Cto +70°C
-55°Clo + 125°C

Electrical Characteristics (1, - 25, v -

Storage Temperature Range —-65°Cto +150°C
Soldering Information

Dual-In-Line Package

Soldering (10 Seconds) 260°C
Small Outline Package

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

+5V to + 15V, unless othewise specified)

Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max Min Typ Max
Supply Voltage 4.5 18 4.5 16 \"
Supply Current Vo = 5V,RL = = 3 5 3 6 mA
Ve = 18V, R = 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
Initial Accuracy 0.5 1 %
Drift with Temperature Ra = 1k to 100 k{2, 30 50 ppm/°C
C = 0.1 uF, (Note 3)
Accuracy over Temperature 1.6 1.8 %
Drift with Supply 0.05 0.1 % /N
Timing Error, Astable
Initial Accuracy D) 2.25 %
Drift with Temperature Ra, Rg = 1kto 100 ks, 90 150 ppm/°C
C 0.1 uF, (Note 3)
Accuracy over Temperalure 2:5 3.0 Js )%
Drift with Supply 0.15 0.30 % IV
Threshold Voltage 0.667 0.667 x Vco
Trigger Voltage Vee = 16V 4.8 5 5.2 5 \
Voe = 5V 1.45 1.67 1.9 1.67 \Y
Trigger Current 0.01 0.5 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 0.4 0.5 1 \
Reset Current 0.1 0.4 0.1 0.4 mA
Threshold Current (Note 4) 0.1 0.25 0.1 0.25 nA
Control Voltage Level Vee = 15V 9.6 10 10.4 9 10 1 Y
Vce = 5V 2.9 3.33 3.8 2.6 3.33 4 V
Pin 7 Leakage Output High 1 100 1 100 nA
Pin 7 Sat (Note 5)
Output Logv Ve = 15V, 17 = 15 mA 150 180 mV
Output Low Vec = 4.5V, 17 = 4.5mA 70 100 80 200 mV




Electrical Characteristics 15 = 25°C, vge + +5V to + 15V, (unless othewise specified) (Continued)

Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max Min Typ Max
Output Voltage Drop (Low) Vee = 15V
Isink = 10 mA 0.1 0.15 0.1 0.25 \
ISINK = 50 mA 0.4 0.5 0.4 0.75 v
IsiINK = 100 mA 2 2.2 2 25 v
IsiInk = 200 mA 2.5 2.5 \"
Vee = 5V
IsiNk = 8 mA 0.1 0.25 v
Isink © 5 mA 0.25 0.35 Vv
Output Voltage Drop (High) IsouRce = 200 mA, Ve = 15V 1256 125 \
ISOURCE = 100 mA,Vce = 18V | 13 13.3 1275 | 13.2 v
Vee = 5V 3 33 2.75 3.3 v
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns

Note 1: For operating at elevated temperatures the device must be derated above 25°C based on a + 150°C maximum junction temperature and a thermal
resistance of 164°c/w (T0-5), 106*c/w (DIP) and 170°c/w (S0-8) junction to ambient

Note 2: Supply current when output high typically 1 mA less at Vcg = SV.
Note 3: Tested at Voc = 5V and Vg = 15V.

Note 4: This will determine the maximum value of Ra + Rg for 15V operation. The maximum total (R + Rpg) is 20 M{2.

Note 5: No protection against excessive pin 7 current is

y providing

the pack

ion rating will not be exceeded.

Note 6: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

Connection Diagrams

Metal Can Package

RESET

(7") oiscrance
{(s) THReshoLD

CONTROL
VOLTAGE

TL/H/7851-2

Top View

Order Number LM555H or LM555CH
See NS Package Number H08C

Dual-In-Line and Small Outline Packages

GND —-‘

TRIGGER ‘-—21

3
OUTPUT =~

RESET

1

8

s 4V
a4\ B

p——— DISCHARGE

§
=~ THRESHOLD

5 __ CONTROL

VOLTAGE

Top View

TL/H/7851-3

Order Number LM555J, LM555CJ,
LM555CM or LM555CN
See NS Package Number JO8BA, MOBA or NOSE
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Dwg. No. A-9594

Note that the ULN20xxA serics (dual in-line
package) and ULN20xxL scries (small-outline
IC package) are electrically identical and share
a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V.

(ULN200xA and ULN200xL) ........ S0V

(ULN202xA and ULN202xL) ........ 9ISV
Input Voltage, V . oeeveeevinencniiiiiins 30V
Continuous Output Current,

e —— 500 mA
Continuous Input Current, I, oo 25 mA
Power Dissipation, P

(one Darlington pair) .......cccoeeunne. 1L.OW

(total package)........ccoeeeereenne See Graph
Operating Temperature Range,

T, ceernrsnrsessissnsensensines -20°C to +85°C
Storage Temperature Range,

Ty civsvnsrasssninssnsiassesessnss -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic butfers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V. CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlington
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix
“L™). All devices are pinned with outputs opposite inputs to facilitate
ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN” to “ULQ".

FEATURES

M TTL, DTL, PMOS, or CMOS-Compatible Inputs

B Output Current to 500 mA

® Output Voltage to 95 V

B Transient-Protected Outputs

B Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

-_=='l'! 5 L MicroSystems, Inc.

1994S EleQ



2003 taRU 2024

HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
y— 50 V 95V
| 500 mA 500 mA
Logic Part Number
5V ULN2003A* ULN2023A*
TTL, CMOS ULN2003L* ULN2023L
6-15V ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L
* Also available for operation between -40°C and +85°C. To order, change
PARTIAL SCHEMATICS

ULN20x3A/L (Each Driver)

—>+——o COM

Dwag. No. A-9651

ULN20x4A/L (Each Driver)

10.5K

-

Dwg. No. A-9898A

prefix from “ULN" to “ULQ".

25
2.0 B
\ SUFFIX'A, R 6A= 60°C/W
1.5 \
1.0 \\\

N

AN

0.5

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

SUFFIX L', Ry, = 90°CW \\
0
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C
Dwg. GP-006A

X = Digit to identify specific device. Specification shown applies to family of
devices with remaining digits as shown. See matrix above.

MicroSystems, Inc.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.




2003 THRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Forward Voltage

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current lcEX 1A All Ve =50V, Tp =25°C —_ <1 50 HA
Ve =50V, Tao=70°C — <1 100 LA
1B | ULN2004A/L | Veg =50V, To=70°C, Vjy=1.0V| — <5 500 | uA
Collector-Emitter VCE(SAT) All Ilc =100 mA, g = 250 pA — 0.9 1.1 \Y
Saturation Voltage I =200 mA, Ig = 350 pA — 11 13
Ic =350 mA, Ig = 500 pA — 1.3 1.6
Input Current liN(ON) 3 ULN2003A/LL | V|y=3.85V — 093 135 mA
ULN2004A/L | Vy=5.0V — 035 05 mA
Vin=12V —_ 1.0 1.45 mA
IiN(OFF) 4 All Ic =500 A, Tp =70°C 50 65 — uA
Input Voltage VIN(ON) 5 ULN2003A/L | Veg=2.0V,Ic =200 mA —_ — 24 \
Ve =2.0V, Ic =250 mA — — 27 %
Vce = 2.0V, Ig = 300 mA ' - J]— 30| v
ULN2004A/L | Veg=2.0V,Ic =125 mA — — 5.0 \%
Vee=2.0V, lc =200 mA — - 6.0 v
Ve =2.0V, Ic=275mA — — 7.0 \%
Vce =2.0V, Ic =350 mA — — 8.0 \
Input Capacitance Cin — All — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 Ejn to 0.5 Egur — 025 1.0 us
Turn-Off Delay tPHL 8 All 0.5 Ejnyto 0.5 EguT — 025 1.0 us
Clamp Diode IR 6 All VR =50V, Tp=25°C - - 50 HA
Leakage Current VR =50V, T = 70°C _ e 100 LA
Clamp Diode Ve 7 All I =350 mA — 1.7 2.0 v

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

www.allegromicro.con:




2003 THrU 2024

HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Forward Voltage

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current lcex 1A All Vcg =95V, Tp=25°C — <1 50 HA
Veg =95V, Ty =70°C — <1 100 pA
1B ULN2024A/L | Vg =95V, Tao=70°C,ViN=1.0V — <5 500 HA
Collector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig =250 pA — 0.9 1.1 \
Saturation Voltage lc = 200 mA, Ig =350 pA s M4 43
Ilc =350 mA, Ig =500 pA — 1.3 1.6 \
Input Current liN(ON) 3 ULN2023A/L | V|y=3.85V — 093 135 mA
ULN2024A/L ViN=5.0V —_ 0.35 0.5 mA
VN 242V = 1.0 145 mA
: - | & Al Ic =500 pA, Ta = 70°C 50 65 — A
Input Voltage VIN(ON) 5 ULN2023A/L | Vcg=2.0V,Ic=200mA — — 24 Vv
Vee =2.0V, Ic =250 mA — — 2.7 \%
Vce =2.0V, Ig =300 mA — — 3.0 Y
ULN2024A/L | Veg=2.0V,Ilc=125mA - — 5.0 \Y
Vce =2.0V, Ic =200 mA — — 6.0 v
Vee =20V, lc=275mA — — 7.0 \
Vee =2.0V, Ig =350 mA — — 8.0 \
Input Capacitance Cin — All — 15 25 pF
Turn-On Delay tpLH 8 Al 0.5 Ejny to 0.5 Egurt — 025 1.0 us
Turn-Off Delay tpHL 8 All 0.5 Ejnt0 0.5 Egut — 025 1.0 us
Clamp Diode IR 6 All VR =95V, Tp=25°C — — 50 uA
Leakage Current VR 295V T, = 70°G _ _ 100 LA
Clamp Diode VE 7 All I =350 mA — 1.7 2.0 Y

Complete part number includes sullix to identify package style: A = DIP, L = SCIC.

‘--h
avae 1 W
lll .

‘II I [

= Allegro’

M»croSys\ems Inc.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000




2003 THRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TEST FIGURES

FIGURE 1A FIGURE 1B FIGURE 2

opEN VcE opeEN  VcE OPEN

lcEx

Dwg. No. A-9729A Dwg. No. A-9730A Dwg. No. A-9731A

FIGURE 3 FIGURE 4 FIGURE 5
OPEN OPEN
—0 OPEN
ViN
VcE lc

Dwg. No. A-9732A Dwg. No. A-9733A = iy N =Dwg. No. A-9734A

FIGURE 6 FIGURE 7 FIGURE 8

[

OPEN
+50V
vn\
Dwg. No. A-9735A Dwg. No. A-9736A ULN20X3* 3.5V cszg;ﬁon
ULN20X4* 12V PRR s 10kHz

* Complete part number includes a final letter to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.
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ALLOWABLE COLLECTOR CURRENT

AS A FUNCTION OF DUTY CYCLE
(Dual In-line-Packaged Devices, Suffix ‘A’)

600
A < 1 )
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z \ 24
£ 400 [——f-——- \ \\ ™~
g N g
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€ \ a4 ™~
z S > 5
E N \\\\
o e ! \\\\\
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3 200 —
NUMBER OF OUTPUTS M~
5 CONDUCTING
& SIMULTANEOUSLY [Taz+70C |
E %ﬂr]
0
0 20 40 60 100
DUTY CYCLE IN PER CENT
Dwg. GPO70

(Small-Outline-Packaged Devices, Suffix ‘L’)

600 T
Ta=+70°C
. | R = 90CW |
w
z
z
% nE \\\ Q \\ \\
z \\\\ N 2
£ \ N \ =3 4 N—|
2 \\ N
« \ N 4 I~
3 200 P 5
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& / \\\
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0 20 40 60 80 100
DUTY CYCLE IN PER CENT
Owg. GPOUA

SATURATION VOLTAGE
AS A FUNCTION OF COLLECTOR CURRENT

600
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%
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E s
Z 400 7 /
s «
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=] /\* &
= S
] ¥4 S’
L
O 200
w
-
- ,I
3 y /
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0 0.5 1.0 15 20
COLLECTOR-EMITTER SATURATION VOLTAGE

Dwg. GP67

COLLECTOR CURRENT iN mA

TYPICAL APPLICATIONS

+Vgs

PMOS
OUTPUT

Dwg. No. A-9652

+Vpp +V
1 16
h 4
2 15
3 14

13

T4 5 12
— 6 11 o
200 2
Z 10 2N4901

200 Q2
J : 1 CMOS
- OUTPUT

Dwg. No. A-9654A

COLLECTOR CURRENT AS A
FUNCTION OF INPUT CURRENT

600

4 /‘g
200 v ©

0 200 400 600
INPUT CURRENT IN pA

Owg. GP-068
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TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

Types ULN2003A, ULN2003L, ULN2023A, and
ULN2023L

+Vee +V

25

20 v

1.5 1

INPUT CURRENT INmA — I v

TTL 0.5 - !
OUTPUT ‘oo [l > AREA OF NORMAL OPERATION

2 g WITH STANDARD OR SCHOTTKY TTL

Dwg. No. A-9653A ! | ' l
2.0 3.0 R 4.0 5.0 6.0
INPUT VOLTAGE

Owg. GP-0s9

+Vee Types ULN2004A, ULN2004L, ULN2024A, and
ULN2024L

2.0
=\
3 /
? ]
= »I\M\N‘“w/
£ 10 i —
@ / _________
5 T | kT
LI S ol I B NPICA-

TTL 5 | _~T L.
OUTPUT 2 os B
Dwg. No. A-10,175
0

5 6 7 8 9 10 1" 12
INPUT VOLTAGE

Owg. GP-060-1
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PACKAGE DESIGNATOR “A”

Dimensions in Inches
(controlling dimensions)

16 9

0.280 ||—
0.240 ‘l
LT o] B B B =
1 8
0.070 ‘!..__l 0.100 f~1—0.005
0.045 0.775 BSC MIN
0.735

o.gm l
MAX \—

0.015
MIN

WHP
H AN et

o |.~0.022 b

0.014 ; P4, {0V (AN A
Dimension in Millimeters
(for reference only)

16 9

— 0.13
MIN

Owg. MA-001-16A mm

NOTES: 1. Leads 1, 8, 9, and 16 may be hall leads at vendor’s option.

. Lead thickness is measured at seating plane or below.

. Lead spacing tolerance is non-cumulative,

. Exact body and lead configuration at vendor’s option within limits shown.

AW

4..5

Fr ot ll — 115 Northeast Cutoff, Box 15036
wEe o Worcester, Massachusetts 01615-0036 (508) 853-5000
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PACKAGE DESIGNATOR “L”

Dimensions in Inches
(for reference only)

1\HHHHHHHH 0.0075

0.1574 0.2440
0.1497 0.2284

0.050

RN el
L

8:8?8_"'1 - Y = 0°T08°

=

0.3937
0.3859

{
\

[
0.0688
ooseee LI

T T_ 0.0040 MmIN. Dwg. MA-007-16 in

Dimension in Millimeters
(controlling dimensions)

TRARAARS T 2

4.00 6.20
3.80 5.80 (o7
RELSEELT et
0.51 L1 2 3 | 1.27
0.33_'“* 10.0 _hl H BSC °°T°8°‘l\‘/
9.80
{ , x
1.75 —
res L HHHIHHD
T T_ 0.10 MIN. Dwg. MA-007-16A mm

NOTES: 1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.

www.allegromicro.com
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The products described here are manufactured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to
time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliuble. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

Hegro-

wa L :
LI N i MicroSystems. Inc.
I | Lad

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000






