ULN2003A

7-Channel Darlington Transistor Array Circuit

Description

ULN2003A is a monolithic integrated high-voltage, high-current Darlington transistor array. The circuit
contains seven independent Darlington driver channels. It is internally equipped with freewheeling diodes,

suitable for driving inductive loads such as relays and stepper motors. Each Darlington transistor can output

a collector current of 500mA, and higher current output capability can be achieved by paralleling multiple
channels. The circuit is widely used in relay driving, lighting driving, display (LED) driving, stepper motor

driving and logic buffering.

Each Darlington transistor of ULN2003A is in series with a 2.7K base resistor. It can be directly
connected to TTL/CMOS circuits at a working voltage of 5V, and can directly process data that previously

required standard logic buffers.

Features
500mA rated collector current(per Channel)
High operating voltage(50V)

Widely used in relay driving
Package type : SOP-16 and DIP-16

Applications

® Relay Driver
® Indicator light Driver
® Display Driver

Function Block Diagram(single-channel Darlington driver circuit)
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Input compatible with TTL/CMOS logic signals
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ULN2003A

Pin Description

Pin No. | Pin Name | I/O Description Pin Configuration Diagram

1 1B 1th Channel Darlington Base Input
2 2B 2th Channel Darlington Base Input
3 3B 3th Channel Darlington Base Input
4 4B I 4th Channel Darlington Base Input 1C
5 5B 5th Channel Darlington Base Input -
6 6B 6th Channel Darlington Base Input
7 7B 7th Channel Darlington Base Input 3C
2 B i Common Emitter of All Channels

(Usually Grounded) 4C
o oM | - | etFor nductve Loads) sc
10 7C 7th Channel Darlington Collector Output 6C
11 6C 6th Channel Darlington Collector Output
12 5C 5th Channel Darlington Collector Output c
13 4C O | 4th Channel Darlington Collector Output COM
14 3C 3th Channel Darlington Collector Output
15 2C 2th Channel Darlington Collector Output
16 1C 1th Channel Darlington Collector Output

Absolute Maximum Ratings

Parameter Symbol Limit Unit
Collector Emitter Voltage Ve 50 \Y
COM Terminal Voltage Vcom 50 \Y
Input Voltage Vi 30 A%
Single Channel Collector Peak Current Icp 500 mA
Output Clamp Diode Forward Peak Current Tok 500 mA
Total Emitter Maximum Peak Current IeT -2.5 A
Package Thermal Resistance SOP-19 014 o oW
DIP-16 50 °C/W
Maximum Operating Junction Temperature Ty 150 °C
Soldering Temperature Tw 260 °C
Storage Temperature Range Ts -65~+150 °C
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ULN2003A

Recommended Operating Conditions(T,=25°C unless otherwise specified)

Parameter Symbol Condition Min Max Unit
Collector Emitter Voltage Ve 0 50 \Y
Output Current Tour %:Izlggll 8 jl;glllggité 100 | mA/ch
Input Voltage VIN 0 24 \Y
Input Voltage(Output On) Vinon) | Tour=400mA 2.8 24 \Y
Input Voltage(Output OfY) VIN(OFF) 0 0.7 \Y
Clamp Diode Reverse Voltage Vr 50 \Y
Clamp Diode Forward Peak Current Ip 350 mA
Operating Temperature Range Ta -20 +85 °C
Operating Junction Temperature T; -20 +125 °C
SOP-16 TA:25:C 1.25
Power Dissipation Pp Ta=85°C 0.65 W
DIP-16 Ta=25°C 1.47
Ta=85°C 0.76
Electrical Characteristics (Tx=25°C unless otherwise specified)
Parameter Symbol | Test Diagram Condition Min | Typ | Max | Unit
Vce=2V,1c=200mA 19 | 24
On State Input Voltage ViNon) Figure 6 Vee=2V,Ic=250mA 2 2.7 \Y
Vce=2V,Ic=300mA 2.1 3
Vi=2.4V,]c=30mA 078 | 1
) . Vi=2.4V,Ic=60mA 082 | 1.1
Collector Emitter Saturation Versan Figure 5 Vi=2.4V.I=120mA 09 | 12 v
Voltage
Vi=2.4V,1c=240mA 1.1 | 14
Vi=2.4V,1c=350mA 1.25] 1.6
[c=60mA, V=12V 4 53
. Ic=60mA,Vi=6V 1.7 | 2.2
Input Current I Figure 4 1c=60mA, V=4 5V L1 L6 mA
[c=60mA,Vi=2.4.V 0351] 0.7
Clamp Diode Forward Voltage VF Figure 8 [F=350mA 1.6 2 \Y
Collector Cutoff Leakage Teex Figure 1 Ver=50V.1=0 50 | uA
Current
Collector Withstand Voltage Ve Figure 1 Vee=50V,11=0 50 \Y
E;ffg?g’s:r;iverse I Figure 7 | Va=50V 50 | uA
&iﬁﬁ;ﬁ;"gﬁi;‘frse Vi Figure 7 | Va=50V 50 v
Propagation Delay Low-High tpLH Figure 9 Vi=12V,R1=45Q 0.15| 1 us
Propagation Delay High-Low tPHL Figure 9 V1=12V,R1=45Q 0.15| 1 us
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ULN2003A

Parameter Test Schematic Diagram
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Figure 3. Iiom Test Circuit
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Figure 5. hre and Vcggsar Test Circuit
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Figure 2. Icex Test Circuit
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Figure 4. I Test Circuit
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Figure 6. Vi(on) Test Circuit
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ULN2003A

Open &

Figure 7. Ir Test Circuit Figure 8. Vr Test Circuit

Input J/so% 50% 5#
|

|

b tPHL +I r% tpLH %:

|0, 0,
Output ke 507‘/_
VOLTAGE WAVEFORMS
VL
Input Open

=

< R

&5 * Output
L l /]': CL=15pF

Figure 9. Transmission Delay Waveforms and Test Circuit
(Capacitive Load is Oscilloscope Probe Parasitic Capacitance)
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Figure 10. ULN2003A Device Used as LED Driver
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ULN2003A

Package Information
SOP-16

Dimensions in mm
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Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol
Min Nom Max Min Nom Max
A - - 1.75 D 9.80 9.90 10.00
Al 0.10 - 0.225 E 5.80 6.00 6.20
A2 1.30 1.45 1.50 El 3.80 3.90 1.00
A3 0.60 0.65 0.70 € 1.27 (BSC)
b 0.39 - 0.47 H 0.25 - 0.50
bl 0.38 041 0.44 L 0.50 - 0.80
C 0.20 - 0.24 L1 1.05 (REF)
cl 0.19 0.20 0.21 0 0° - &°
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Package Information

DIP-16

Dimensions in mm
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Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol

Min Nom Max Min Nom Max
A 3.75 3.90 4.05 El 7.35 7.62 7.85

Al 0.51 e 2.54 (BSV)
A2 3.20 3.30 3.45 L 3.00 3.30 3.60
B 0.38 0.48 0.56 E2 8.00 8.40 8.80
Bl 1.52 (BSC) 01 9° 15°
C 0.20 0.25 0.34 02 7° 13°
D 18.80 19.05 19.30 03 8° 14°
E 6.20 6.35 6.50 04 5° 12°
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ULN2003A

Shikues Disclaimer

1.Accuracy of Information and Right to Modify

The information provided in this document is for reference only. Shikues reserves the right to make changes
to this document and to the specifications of the products described herein at any time, without prior notice,
for the purpose of improving reliability, function, design, or for any other reason. It is the customer’s
responsibility to obtain and verify the latest product information and specifications before making any final
design, procurement, or usage decisions.

2.No Warranty

Shikues makes no express or implied warranties, representations, or guarantees regarding the suitability of
its products for any particular purpose.

Shikues assumes no liability for any assistance provided or for the design of customer products. All products
are supplied “as is.”

3.Intended Use and Limitation of Liability

The products described in this document are intended for use in general-purpose electronic devices. They are
neither designed nor tested nor authorized for use in transportation equipment or applications requiring high
reliability. Unless expressly authorized in writing by Shikues, these products must not be used as critical
components in life-support systems or any applications where failure could directly pose a risk to human life
(including, but not limited to, medical devices, transportation systems, aerospace equipment, nuclear
facilities, and safety-critical systems).

Shikues assumes no responsibility or liability for any consequences arising from the use of its products in
unauthorized or unintended applications.

Neither Shikues nor its representatives shall be held liable for any resulting damages.

4.Intellectual Property

This document does not grant any express or implied license—whether by estoppel, implication, or

otherwise—to use any intellectual property rights of Shikues.
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