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: F = p p = = = T
MUIUATY | QN nyzhy ANUY AU auvinu Psina'le 1/5mani
Dry iilon fuing duysal 1A W i
bulb Wet bulb
o o 174 3 . L
() (°CH 70 (g/m’) | (Dewpoin) g (L)
'
e 26 23 76 18.468 725 4675.1742
WU
1 4125
My, 27 24 77 19.789 73 5009.5853
T 27 25 84 21.588 74 5465.0022
WU
2 4.075
A, 28 25 77 20.944 735 5301.97
e 27 24 77 19.789 73 5009.58535
YU
3 4200
s, 27 25 84 21.588 74 5465.0022
e 27 23 70 17.99 72 4554.16
Y.
4 4.080
Auan. 27 24 77 19.789 73 5009.5853
e 27 23 70 17.99 72 4554.16
5 PU.
4.100
A, 27 24 77 19.789 73 5009.5853
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6 % (g /m’ y | (Dewpoint) g2)
Goky
o 23 21 83 17.098 72 4328.3587
B
i 4365
Auas. 24 21 75 16350 74 4139.0025
o 24 20 68 14.824 73.5 3752.6956
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2 3.425
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3 3575
fuan. 24 19 60 13.08 73 3311202
e 24 19 60 13.08 70 3311202
WU.
4 2810
AU, 24 19 62 13.516 72.5 34215754
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5 VU.
3.880
Au. 24 18 57 12.426 72 3145.6419
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Watt 36T T

(KW) ® 0
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TL494
INSTRUMENTS PULSE-WIDTH-MODULATION CONTROL CIRCUITS
www.ti.com SLVS074E—JANUARY 1983—REVISED FEBRUARY 2005
FEATURES D, DB, N, NS, OR PW PACKAGE
e Complete PWM Power-Control Circuitry (TOP VIEW)
e Uncommitted Outputs for 200-mA Sink or U
Source Current 1IN+ [} 1 16[] 2IN+
e Output Control Selects Single-Ended or TIN-[f2 15 ] 2IN-
Push-Pull Operation FEEDBACEE 3 :: % (F;IlEJ":rPUT
e Internal Circuitry Prohibits Double Pulse at DZ:T[ g 2V s
Either Output RT0 6 1] cgc
e Variable Dead Time Provides Control Over eND [l 7 10f] E2
Total Range cille ofl E1

e Internal Regulator Provides a Stable 5-V
Reference Supply With 5% Tolerance

e Circuit Architecture Allows Easy
Synchronization

DESCRIPTION

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC) comparator,
a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —0.3 V to V¢ — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies. ‘

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the output-control
function. The architecture of this device prohibits the possibility of either output being pulsed twice during
push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
—40°C to 85°C.

AVAILABLE OPTIONS

PACKAGED DEVICES (1)
T SHRINK SMALL THIN SHRINK
A SMALL(g)UTLlNE PLAS('LI)C DIP SMALIINOSL)ITLINE OUTLINE SMALL OUTLINE
(DB) (PW)
0°C to 70°C TL494CD TL494CN TL494CNS TL494CDB TL494CPW
—40°C to 85°C TL4941D TL494IN — — —

(1) The D, DB, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g., TL494CDR).

A

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 of publication date.
Products conform to specifications per the terms of the Texas
Instruments - standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1983-2005, Texas Instruments incorporated
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FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V,=GND Single-ended or parallel output
V| = Vgt Normal push-pull operation
FUNCTIONAL BLOCK DIAGRAM
OUTPUT CTRL
(see Function Table)
RT3 Oscillat b
cT.5 scillator ar s
1D C1
Dead-Time Control [
4 =01V ¢ Comparator 9 E1
DTC ——|— > C1
=0.7V
: PWM Q2 44 =
el o C [
1IN+ + ' E2
{iN=2_ Pulse-Steering
Flip-Fiop
Error Amplifier 2 12
16 Vee
2INV ————— | ¢
2|N—_1£— = ' Reference 14 REF
Regulator
7
— GND
3
FEEDBACK 0.7 mA
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Absolute Maximum Ratings"
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
Vee Supply voltage (@ 41 Y
\A Amplifier input voltage Vee + 0.3 \%
Vo Collector output voltage 41 4
lo Collector output current 250 mA
D package 73
DB package 82
0 Package thermal impedance (3)(4) N package 67| °C/W
NS package 64
PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C
Tstg Storage temperature range —65 150 ¢

(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.

) All voltages are with respect to the network ground terminal.

3) Maximum power disipation is a function of T (max), 6,4, and Ta. The maximum allowable power dissipation at any allowable ambient
temperatire is Pp = (T (max) — Ta)/0,. Operating at the absolute maximum T, of 150°C can affect reliability.

(4) The package thermal impedance is calculated in accordance with JESD 51-7.

Recommended Operating Conditions

MIN MAX| UNIT
Vee Supply voltage ¢ 40 Y
\ Amplifier input voltage -0.3 Ve —2 \%
Vo Collector output voltage 40 "
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
fosc Oscillator frequency 1 300 kHz
Cr Timing capacitor 0.47 10000 nF
Rt Timing resistor 1.8 500 kQ
TL494C 0 70
Ta Operating free-air temperature °C
TL494I —-40 85
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Electrical Characteristics
over recommended operating free-air temperature range, Ve = 15 V, f = 10 kHz (unless otherwise noted)

Reference Section

TL494C, TL494I
PARAMETER TEST CONDITIONS () UNIT
MIN TYP@  MAX

Output voltage (REF) lo=1mA 4.75 5 5.25 Vv
Input regulation Vec=7Vto40V 2 25 mV
Output regulation lo=1mAto 10 mA 1 15 mV
Output voltage change with temperature ATp = MIN to MAX 2 10 mV/V
Short-circuit output current(®) REF=0V 25 mA

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(2) Al typical values, except for parameter changes with temperature, are at Tp = 25°C.
(3) Duration of short circuit should not exceed one second.

Oscillator Section
C; =0.01 pF, Ry = 12 kQ (see Figure 1)

TL494C, TL4941
PARAMETER TEST CONDITIONS (™) UNIT
MIN TYP@ MAX
Frequency 10 kHz
Standard deviation of frequency (®) All values of V¢, Ct, Ry, and Tx constant 100 Hz/kHz
Frequency change with voltage Vec=7 V1040V, Ty =25°C 1 Hz/kHz
Frequency change with temperature (4) AT A = MIN to MAX 10| HzkHz

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(2) Alltypical values, except for parameter changes with temperature, are at Ty = 25°C.
(3) Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

N
. (xn = X)2
n=1

N—1

(4) Temperature coefficient of timing capacitor and timing resistor are not taken into account.

Error-Amplifier Section

See Figure 2
TL494C, TL494|
PARAMETER TEST CONDITIONS UNIT
MIN TYP()  MAX

Input offset voltage Vo (FEEDBACK) = 2.5 V 2 10 mV
Input offset current Vo (FEEDBACK) = 2.5 V 25 250 nA
Input bias current Vo (FEEDBACK) = 2.5 V 0.2 i HA
Common-mode input voltage range Vec=7V1to40V V::O(:'itg \Y
Open-loop voltage amplification AVo=3V,Vp=05Vto35V, R =2kQ 70 95 dB
Unity-gain bandwidth Vo=05Vt35V,R =2kQ 800 kHz
Common-mode rejection ratio AVo =40V, Ty =25°C 65 80 dB
Output sink current (FEEDBACK) Vip=—-15mVto -5V, V (FEEDBACK) = 0.7 V 0.3 0.7 mA
Output source current (FEEDBACK) Vip=15mVto 5V, V (FEEDBACK) =3.5V -2 mA

(1) Al typical values, except for parameter changes with temperature, are at Tp = 25°C.
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Electrical Characteristics
over recommended operating free-air temperature range, Vec = 15V, f = 10 kHz (unless otherwise noted)

Output Section
PARAMETER TEST CONDITIONS MIN  TYP() MAX| UNIT
Collector off-state current Vce=40V, V=40V 2 100 MA
Emitter off-state current Vec=Ve=40V, Ve =0 -100 pA
" : Common emitter Ve =0, Ic =200 mA 1.1 13
Collector-emitter saturation voltage ; \
Emitter follower Vot or c2) = 15V, I = -200 mA 1.5 25
Output control input current V) = Vies 3.5 mA
(1) Ali typical values, except for temperature coefficient, are at Ty = 25°C.
Dead-Time Control Section
See Figure 1
PARAMETER TEST CONDITIONS MIN TYP() MAX UNIT
Input bias current (DEAD-TIME CTRL) V,=0t0 525V -2 -10 UA
Maximum duty cycle, each output M (_DEAD-T'ME T/ RUENNS S 7 o 45 %
Ry =12 kQ
Zero duty cycle 3 3.3
Input threshold voltage (DEAD-TIME CTRL) 5 \
Maximum duty cycle 0
(1) All typical values, except for temperature coefficient, are at T, = 25°C.
PWM Comparator Section
See Figure 1
PARAMETER TEST CONDITIONS MIN TYP()  MAX UNIT
Input threshold voltage (FEEDBACK) Zero duty cyle 4 4.5 \"
input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 03 0.7 mA
(1) All typical values, except for temperature coefficient, are at T = 25°C.
Total Device
PARAMETER TEST CONDITIONS MIN TYP()  MAX UNIT
R = Veer, Vee =15V 6 10
Stndbyisnply cunent All other inputs and outputs open Voo =40V 9 15 A
Average supply current V, (DEAD-TIME CTRL) =2V, See Figure 1 75 mA
(1) All typical values, except for temperature coefficient, are at Ty = 25°C.
Switching Characteristics
T, =25°C
PARAMETER TEST CONDITIONS MIN TYP()  MAX UNIT
Rise time . i 2z 100 200 ns
: Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time 3 g ; 100 200 ns
Emitter-follower configuration, See Figure 4
Fall time 40 100 ns

(1) All typical values, except for temperature coefficient, are at Ty = 25°C.
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PARAMETER MEASUREMENT INFORMATION
Vcc =15V
12 é 150 Q 150 Q
TR 2w 2w
4 8
Test DTC (o] © Output 1
npres { 3 | FeeDBACK el
12 kQ _—L
6 1 =
RT Cc2 Output 2
5 10
F— cr E2 j
L 0.01pF =
= 1
2 1IN+
16 1N- " Error
i 2IN+ [ Amplifiers
= 11 2IN-
131 OUTPUT REF |14
CTRL
50 kQ % Ll
i
TEST CIRCUIT
“we \\ S I ket T I
at C1
———————— ov
Voltage Vee
v LU 17)l=3
—————— ov

Voltage
atCT

Threshold Voltage — —
DTC

ov

FEEDBACK
0.7V

’ Threshold Voltage ————
' |
I

Duty Cycle

VOLTAGE WAVEFORMS

|
le— 0% —»

Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

Other Amplifier

g ke 68 Q
| Each Output
= Circuit Output
Fe C.=15pF
{ (See Note A)
LAE = \F . = =
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: C, includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V

Each Output
Circuit

Output
LA 68 Q
CL =15 pF L
(See Note A)
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: C includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY AND

FREQUENCY VARIATIONT
Vs

TIMING RESISTANCE
T 100k — —r——rrrr
L Vec =15V 1
S 40k 7 G f |- Ta=25C 1
R I RS i Il
>:. 10k et —1% LT M 0.001 uF |
o 7 o N
c LI G [N
8 4k 0% —oig 001 HF SENCE
g Vi N
L | N T
T 1k + P 01 pF e
e ;l' ] {
- | !
g 400 ; S -
-1 Df =1%

N

£ 400 A ‘L.“
S Cr=1uF N NS
B A NG N
e AN
- 1k 4k 10k 40k 100k 400k 1M

Rt — Timing Resistance - Q
1 Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.

Figure 5.

AMPLIFIER VOLTAGE AMPLIFICATION

vs

FREQUENCY
100 T
| Veg=15V
90 \\ AVo='3 ¥ ==
Ta=25°C
80 \ ¢ —
70

60 \
40 \

30

N
X

20 N

A - Amplifier Voltage Amplification — dB

10 \\

0

1 10 100 1k 10k 100 k 1M
f - Frequency — Hz

Figure 6.
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PACKAGING INFORMATION

Orderable Device status (! Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
TL494CD ACTIVE SOIC D 16 40 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDBR ACTIVE SSOP DB 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDBRE4 ACTIVE SSOP DB 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TL494CDBRG4 ACTIVE SSOP DB 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDE4 ACTIVE SOIC D 16 40 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDG4 ACTIVE SOIC D 16 40 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDR ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
TL494CDRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDRG3 PREVIEW SQOIC D 16 2500 TBD Call Ti Call Tl
TL494CDRG4 ACTIVE SoOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CJ OBSOLETE CDIP J 16 TBD Call Tl Call Tl
TL494CN ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TL494CNE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
TL494CNSR ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CNSRG4 ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CPW ACTIVE TSSOP PW 16 90  Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
TL494CPWE4 ACTIVE TSSOP PW 16 90 Green (ROHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CPWG4 ACTIVE TSSOP PW 16 90 Green (RoOHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CPWLE OBSOLETE = TSSOP PW 16 TBD Call Tl Call Tl
TL494CPWR ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLA94CPWRE4 ACTIVE TSSOP PW 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
TL494CPWRG4 ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494ID ACTIVE SOIC D 16 40 Green (RoOHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494IDE4 ACTIVE SOIC D 16 40 Green (RoOHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494IDG4 ACTIVE SOIC D 16 40 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494IDR ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

Addendum-Page 1
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Orderable Device status (¥ Package Package Pins Package Eco Plan @ | ead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TL494IDRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494IDRG4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
TL494IN ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N /A for Pkg Type
(RoHS)
TL494INE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N /A for Pkg Type
(RoHS)
TL494MJ OBSOLETE CDIP J 16 TBD Call Tl Call Tl
TL494MUB OBSOLETE  CDIP J 16 TBD Call Tl Call Tl

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this partin
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weightin homogeneous material)

Bl MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

provided. Tl bases its knowledge and belief on information:provided by third parties, and makes no representation or warranty as to the

HIIULHHIQUULT HHay 11IUL DT avaiauic il icicasc.,
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J'I:QTEXAS PACKAGE MATERIALS INFOR
% INSTRUMENTS
S-Rar-2011
REEL DIMENSIONS TAPE DIMENSIONS
4 |<- KO |<——P1—>|
oloe o oo oo o T
Reel e e l
Diameter
Cavity —DI A0 ‘4*
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i p1 | Pitch between successive cavity centers
I
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O o—-O0dC WdT, 0| O 07—— Sprocket Holes
I
T
Q1 : Q2
S 173 _j ) L '
Q3 1 Q4 User Direction of Feed
| W
T
N7
Pocket Quadrants
*All dimensions are nominal
Device Package|Package| Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
TL494CDBR SSOP DB 16 2000 330.0 16.4 8.2 6.6 2:5 12.0 | 16.0 Q1
TL494CDR SOIC D 16 2500 330.0 16.4 6.5 408 | 2.1 8.0 16.0 Q1
TL494CDR SOIC D 16 2500 330.0 16.4 6.5 103 | &% 8.0 | 16.0 Q1
TL494CNSR SO NS 16 2000 330.0 16.4 8.2 10.5 ¢§2.5 12.0 | 16.0 Q1
TL494CPWR TSSOP PW 16 2000 330.0 124 6.9 5.6 1.6 8.0 12.0 Q1
TL494IDR SOIC D 16 2500 330.0 16.4 6.5 10.3 417 21 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
~_
sy P \Q//"
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TL494CDBR SSOP DB 16 2000 346.0 346.0 33.0
TL494CDR SoIC D 16 2500 346.0 346.0 33.0
TL494CDR SOIC D 16 2500 333.2 345.9 28.6
TL494CNSR SO NS 16 2000 346.0 346.0 33.0
TL494CPWR TSSOP PW 16 2000 346.0 346.0 29.0
TL494IDR SOIC D 16 2500 333.2 345.9 28.6

Pack Materials-Page 2
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—»| | 2000U05) C-MIN L gi22)+| (6.22)Y (559) | (6.22)
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NOTES: Ail linear dimensions are in inches (miilimeters).

This drawing is subject to change without notice.

this package is hermetically sealed with o ceramic lid using glass frit.

Index point is provided on cap for terminal identification only on press ceramic

G on cap for term
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.

glass frit seal only.
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All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
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NOTES:
Body length does not include mold flo or gate burrs shall
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
Reterence JEDEC MS-012 variation AC.
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I Example
:) Non Soldermask Defined Pad Example
i B 5= . Pad Geometry
ry';'/,/'/ "‘\\ /,/" (See Note C)
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| |, \
noll S \ Example
o I ‘//‘/ Soider Mask Opening
Y ‘ : :' (See Note E)
\ b\ N/,
\\\ All m’oum//
’x\\\\ - //,-
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NOTES:

Al linear dimensions are in millimeters.
This drawing is subject to change without notice.
Publlcahon IPC- 7351 is recommended for olternote designs.
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gporturcs with tropezoidal walls and siss

Lager cutling
contact their board ossembly site for stencil design recommendations. Refer to IPC 7525 for other stencil recommendations
Customers should contact their board fabrication site for solder mask tolerances between and around signai pads
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NOTES: A, All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994
B. This drawing is subject to change without notice.
A\ Body iengin does not inciude moid fiash, protrusions, or gate burrs. Mold fiash, protrusions, o gaie buirs shdii

not exceed 0,15 each side.
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Body width does not include interiead flash.
Falls within JEDEC MO-153

Interlead flash shall not exceed 0,25 each side.
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Stencil Openings

NOTES: All linear dimensions are in millimeters.

A
B. This drawing is subject to change without notice.
C. Publication IPC~7351 is recommended for alternate designs.
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contact their board assembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.




MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

0,51

14 8

i B0 Bl
1

560 820
500 7,40

o l Gfge L
d H H /A0 .

Ji\ \/ _‘[ v Seating Plone ¥ Jﬂ/ >

L 2,00 MAX ? I2]o.10

4

PINS **
DIM

A MAX 10,50 10,50 12,90 15,30

A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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MECHANICAL DATA

MSSO002E — JANUARY 1995 — REVISED DECEMBER 2001

DB (R-PDSO-G**)
28 PINS SHOWN

PLASTIC SMALL-OUTLINE

Pl s
15

if

0 l

ELLRLEEEEERY

A

L4 |
.!L__\ l l l I ! l___i Seating Plane

=
N
(3]

|

o

o

i —

Ggge Plane

— 2,00 MAX 0,05 MIN j E

RINS **
ol 14 16 20 24 28 30 38
A MAX 6,50 | 6,50 | 7,50 | 850 | 10,50 | 10,50 { 12,90
A MIN 590 | 590 | 690 | 790 | 990 | 9,90 | 12,30

4040065 /E 12/01

NOTES: A.

Cow

All linear dimensigns age in millimeters.

This drawing is sybject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MQ-150
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using Tl components: To minimize the risks associated with customer products and applicationg, customers should provide
adequate design and operating safeguards. i

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask waork right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products ar services are used. Information
published by Tl regarding third-pagty preducts or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of Tl.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions. :

Resale of Tl products or services with statements different from or beyond the parameters stated by Ti for that product or service voids all
express and any implied warrantigs for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such gtatements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers myst fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl ag military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless tha specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio ; www.ti.com/audio Communications and Telecom www.ti.cam/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters détaconverter.ti.com Consumer Electronics www.ti.cc;m/consumer-apps
DLP® Products www.dip.com Energy and Lighting www.ti.cdm/energx
DSP dsg.ti.cbm Industrial www.ti.cam/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.cam/medical
Interface interface.ti.com Security www.ti.cam/security
Logic logic.ti.com Space, Avionics and Defense www.ti.cam/space-avionics-defense
Power Mgmt power.ti.com Transportation and www.ti.cam/automotive
Automotive

Microcontrollers m"crocontroller‘ti,com Video and Imaging www.ti.cam/video
RFID www.tisrﬁd.com Wireless www.ti.cam/wireless-apps
RF/IF and ZigBee® Solutions ~ www.ti.com/lprf '

TI E2E Community Home Page eZe.ti.com'

Mailing Adgdress: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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Amplifier Transistors
NPN Silicon

MAXIMUM RATINGS

Rating Symbol

Value

Unit

Collector—Emitter Voltage Vceo

40

Vdc

Collector-Base Voltage ’ Veeso

75

Vdc

Emitter-Base Voltage VEBO

6.0

Vdc

CASE 29-11, STYLE 17
TO-92 (TO-226AA)

Collector Current — Continuous Ic

600

mAdc

Total Device Dissipation @ Tp = 25°C Pp
Derate above 25°C

625
5.0

mwW
mW/°C

Total Device Dissipation @ T¢ # 25°C Pp
Derate above 25°C

1.5
12

Watts
mW/°C

COLLECTOR

Operating and Storage Junction Ty, Tsig
Temperature Range

-5510 +160

°C

1

THERMAL CHARACTERISTICY

Characteristic Symbol

Max

Unit

BASE

Thermal Resistance, Junction to Ampbient RoJa

200

°C/IW

3

Thermal Resistance, Junction to Ca}se ReJyc

83.3

°C/IW

EMITTER

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

{Characteristic

Symbol Min | Max | unit |

OFF CHARACTERISTICS

Collector—Emitter Breakdown Vbltaq]e
(Ilc = 10 mAdc, Ig = 0) .

V(BRr)CEO 40 — Vdc

Collector-Base Breakdown Voltage
(Ic = 10 pAdc, Ig = 0)

V(BRr)CBO 75 - Vde

Emitter-Base Breakdown Voltage
(I = 10 pAdc, Ic = 0)

V(BR)EBO 6.0 — Vde

Collector Cutoff Current
(VCE =60 Vdc, VEB(off) =3.0 VdC]l

leex = 10 nAdc

Collector Cutoff Current
(Vcg = 60 Vdc, Ig =0)
(Ve =60 Vdc, Ig =0, Ta = 150°C)

IcBo / pAdc
— 0.01
— 10

Emitter Cutoff Current
(Veg =3.0 Vdc, Ic =0)

lEBO — 10 nAdc

Collector Cutoff Current
(Vee=10V)

Iceo = 10 nAdc

Base Cutoff Current
(Vce = 60 Vdc, VEp(or) = 3.0 Vdc)

IBEX — 20 nAdc

Free Datasheet Search Engine

OKDATASHEET.COM

Publication Order Number:
Q2N2222



Q2N2222

ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise noted) (Continued)

Characteristic Symbol | Min Max | Unit
ON CHARACTERISTICS
DC Current Gain hrg —_
(Ic = 0.1 mAdc, Vg = 10 Vdc) 35 e
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 50 —
(Ic = 10 mAde, Vcg = 10 Vdc) 75 —
(Ic = 10 mAdc, Vgg = 10 Vdc, Ta = —55°C) 35 —_
(Ic = 150 mAdc, Vg = 10 Vdc)(1) 100 300
(Ic = 150 mAdc, Vcg = 1.0 Vdc)“) 50 —
(Ic = 500 mAdc, Vg = 10 Vdc)(D 40 —
Collector—Emitter Saturation Voltage(!) VCE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) - 03
(Ic = 500 mAdc, Ig = 50 mAdg) —_ 1.0
Base—Emitter Saturation Voltage(!) VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) 0.6 1.2
(Ic = 500 mAdc, Ig = 50 mAda) - 2.0
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product(?) fr 300 — MHz
(Ic = 20 mAdc, Vcg = 20 Vdg, f = 100 MHz)
Output Capacitance ’ Cobo — 8.0 pF
(Vcg =10 Vdg, Ig =0, f= 1.0 MHz)
Input Capacitance ' Cibo — 25 pF
(Vgg = 0.5 Vdg, Ig =0, f = 1.0 MHz)
Input Impedance hie k2
(Ic = 1.0 mAdc, Vg = 10 Vda, f = 1.0 kHz) 2.0 8.0
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 0.25 1.25
Voltage Feedback Ratio hre X104
(Ic = 1.0 mAdc, Vce = 10 Vdg, f = 1.0 kHz) — 8.0
(Ic = 10 mAdg, Vcg = 10 Vdc, f = 1.0 kHz) 4.0
Small-Signal Current Gain hie —
(Ic = 1.0 mAdc, Vg = 10 Vdg, f = 1.0 kHz) 50 300
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 75 375
QOutput Admittance : hoe pmhos
(Ic = 1.0 mAdc, Vce = 10 Vdg, f =1.0 kHz) 5.0 35
(Ilc = 10 mAdc, Vgg = 10 Vdc, f = 1.0 kHz) 25 200
Collector Base Time Constant ’ rb’Cg § 150 ps
(Ilg = 20 mAdc, Vep = 20 Vdg, f = 31.8 MHz)
Noise Figure Ng — 4.0 dB
(Ic = 100 pAdc, Vcg = 10 Vdg, Rg = 1.0 kQ, f = 1.0 kHz)
SWITCHING CHARACTERI$TICS
Delay Time (Vee = 30 Vdg, VBE(oﬁ) =_2.0 Vde, tq — 10 ns
Rise Time Ic =150 mAdc, Igq = 15 mAdc) (Figure 1) t _ 25 ne
Storage Time (Vee = 30 Vdg, Ig = 150 mAdc, t — 225 ns
Fall Time Ig1 = Ig2 = 15 mAdc) (Figure 2) & L 80 o

1. Pulse Test: Pulse Width =< 300 ps, Puty Cycle = 2.0%.
2. fris defined as the frequency at which |hse| extrapolates to unity.

http://lwww.okDatasheet.com
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hgg, DC CURRENT GAIN

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Q2N2222

SWITCHING TIME EQUIVALENT TEST CIRCUITS

+30V

}<— 1.010 100 ps,

+16V f‘—\' DUTY CYCLE = 2.0%
] N

o 0 >—MW

By _ \ 1k
|CS*<10PF 14\/4,‘ '<—<20I'IS

—> 1"— 1.0 10 100 ps,

+16V/ \ DUTY CYCLE = 2.0%
~,
”~

0
_va 1kQ

200

] 1N914

_— Scope rise time <4 ns
*Total shunt capacitance of test jig,
connectors, and oscilloscope.

Figure 1. Turn—On Time Figure 2. Turn—-Off Time

1000 —F——

700 I

500 T,=125°C

300 = == =

___._——l-"—_ e | e = T O e s\\
200 = : —= = g
T2 —__:_ : P—_-— 2500 _’____‘.—— =72 T "= o -‘Q\:
e === : }ﬁ = S e
70 —
= -55°C N
50 —i= |1 AN
e T L

30 Vee=1.0V

20 o e s e e e V[ = 10 V a

0 , N VAW AA NI P! (

0.1 02 03 05 07 1.0 20 3.0 50 70 10 20 30 50 70 100 200 300 500 700 1.0k
Ig, COLLECTOR CURRENT (mA)
Figure 3. DC Current Gain
1.0 T 1
Ty=25°C

0.8

0.6 Ic=1.0mA 10 mA \ 150 mA \\ 500 mA

Y \ \

. N
0.2 \\ \ \\ \"N-.
N N NS
e [ ———
0 i——
0.005 0.01 0.02 0.03 .05 0.1 02 03 0.5 1.0 20 30 50 10 20 30 50

Is, BASE CURRENT (mA)

Figure 4. Collector Saturation Region
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t, TIME (ns)

NF, NOISE FIGURE (dB)

CAPACITANGE (pF)

Q2N2222

200 C T
lgllg = 10
100 [N T)=25°C |
70
0 i t @Vgc=30V
N » tq @ Vep(n =20V
30 AN \\ 14 @ Vgp(o) = 0
2
0 N
Iy
10 s
7.0 Ny
5.0
3.0 = <
20 \\ \\

750 7.0 10 20 30 50 70 100 200 300 500

I, COLLECTOR GURRENT (mA)

Figure 5. Turn—On Time

PR THTETETHETT T opmaon ™ T
Ry : SOURCE
0= \':; e ;ﬁ,"ﬁ’s"ffoo R RESISTANCE |
N 100 1A, Rg = 20 k02
60 —ﬂ 50 A, Rg = 4.0 kQ2
40
20 e
|

0
0.01002 0.0501 02 05 1.0 20 50 10 20 50 100

f, FREQUENEY (kHz)

Figure 7. Frequency Effects

30
20 [T
N
s B
eb
\I\\
10
|~
Tl
7.0 SIS
N
5.0
\\\
e
3.0 — )
2.0 :
01 0203 050710 20 30 507010 20 30 50

REVERSE YOLTAGE (VOLTS)

Figure 9. Capacitances

500

I I i Vec =30V 1
300 il e Iols =10
200 t's=ts-1/81 i=lgp A
Tj=25°C A
™=
100 = D~
Z 7 ~_
g 50 Sy
S oa \\
20
N -
10
7.0
5.0 .
5.07.010 20 30 50 70 100 200 300 500
Ig, COLLECTOR CURRENT (mA)
Figure 6. Turn—Off Time
AG [T TTI
f=1.0kHz
I 11 /
8.0
= |c=50}1A ' ’
s 100 pA % i/
& o LIN A 500 A { /
3 N 1.0 mA ’ Y/
T T g /
% 4.0 ~Q A / ,‘/ /
2 N NI A A/
£ KN N A7 TV
2.0 PR A 4
| T/ ~>‘:‘ // L
0
50 100 200 500 1.0k 20k 5.0k 10k 20k 50k 100k
Rs, SOURCE RESISTANCE (OHMS)
Figure 8. Source Resistance Effects
:EE 500 vi T \}
[ ce=20
= Ty = 25°C
S 300 e
& Bt ™\
e 1 N
=
[=] 200 /
2 /]
= 7
2 L7
S 100
-
&
= 70 r
=
o
= 50 \r
1.0 20 30 5070 1p 20 30 50 70 100

Ic, COLLECTOR EURRENT (mA)
Figure 10. Current-Gajn Bandwidth Product
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V, VOLTAGE (VOLTS)

W T p 105
- TJ =25°C L L i
L A1 5
08 T T Revc for Vee(say
_".—’ - &
ViE(sa @ Icflp = 10—zt e
i 1.0V s 05
0.6 i E
z 1.0
ViE(on) @ Vg = 10V z -
BE(on CE 4 P
0.4 i >
W5 o
o L1
.2 A L]
0 // -2.0 = - ova for Ve
VeE(sal) @ I/l = 10 I — TN
0 ! 25 IR
01 02 05 1020 50 10 20 50 100 200 500 1.0k 0.1 02 05 10 20 50 10 20 50 100 200

Q2N2222

Ic, COLLECTOR CURRENT (mA)

Figure 11. “On” Voltages

Ic, COLLEGTOR CURRENT (mA)

Figure 12. Temperature Coefficients

500
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Q2N2222
PACKAGE DIMENSIONS

TO-92 (TO-226)
CASE 29-11
ISSUE AL

A <
\
L

—>
|

SEATING
PLANE -

e — >

1
o f—

2T
& &G

T 1!

|
Yy A SECTION X-X
1 N
—»1 N <——T
STYLE 17:
PIN 1. COLLECTOR
2. BASE
3. EMITTER

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R
IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P AND

BEYOND DIMENSION K MINIMUM.
INCHES MILLIMETERS
| D[ MIN_| MAX | MIN | WAX
A | 0.175 | 0205 | 445 | 520
B | 0170 | 0210 | 432 | 533
C [ p125 | 0165 | 318 | 419
D_| 0.016 | 0.021 | 0.407 | 0533
G | 0045 | 0.055 | 1.45 | 139
H | 0.035 [ 0105 | 242 | 266
J | 0015 | 0020 | 039 | 050
K | 0500 | —— [ 1270 | -
L[ 0250 | ———| 635 ] -
N | 0.080 | 0105 | 204 | 266
P | - o0 | - | 254
R| 0116 | — | 293 [ -
Vo5 | —— | 343 -

http://www.okDatasheet.com
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Dwg. No. A-9594

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

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V
(ULN200xA and ULN200xL) ........ 50 V
(ULN202xA and ULN202xL) .....,.. 95V

Input Voltage, V, ooy 0V
Continuous Output Current,
. $00 mA

Continuous Input Current, [ ..
Power Dissipation, P |
(one Darlington pair)..........cecee.ee.
(total package) ......cocevereerenene
Operating Temperature Range,
T, ssswsmmsmnnvmnsg -20°C tq+85°C
Storage Temperature Range,
Tqoviiiiiieiiee, -55°C to +150°C

v

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Serigs 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 loags 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 5 V. TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

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 sipking 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 furnjshed in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surfacg-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 arder, change the prefix from
“ULN?’ tO SGULQ,’.

FEATURES

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

B Output Current to 500 mA

B Output Voltage to 95 V

B Transient-Protected Outputs

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

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

\
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PARTIAL SCHEMATICS

DEVICE PART NUMBER DESIGNATION

VCE(M AX) 50V 95V
IC(MAX) 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

ULN20x3A/L (Each Driver)

Dwg. No. A-9651

ULN20x4A/L (Each Driver)

—ip—0 COM

10.5K

W T

:
i
i
7.26 | 3K

]

1

AAA. AAA i
\A4

'

.

\ A4

EECEEEREEETTETREY . EEEEY T

Dwg. No. A-9898A

prefix from *“ULN” to “ULQ”.

2.5
(2]
&
= AN
z
iy 2.0
o
E SUFFIX A, R g = 60°CW
@ 15
a \
o
= N\
2 10 ™
3}
< o5 P
- SUFFIX L, R g, = 90°CIW \
2
=
o 9 v
3 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.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-6000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.



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

Test Applicable Limits
Characteristic Symbagl | Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current | lgex ' 1A All Ve =50V, Tp =25°C — <1 50 UA
Ve =50V, Ty =70°C — <1 100 HA
1B ULN2004A/L | Vog =50V, Tpo=70°C, V|y=1.0V — <5 500 HA
Collector-Emitter VCE(SAT) 2 All Ilc =100 mA, Ig = 250 pA k — 0.9 1.1 V
SalUEHoR Yoliage lc =200 mA, Ig = 350 uA — 114 18] ¥
o' =350 mA, Ig =500 pA — 1.3 1.6 \Y
Input Current LIN(ON) 3 ULN2003A/L | V|y=3.85V 1 — o093 135| mA
ULN2004A/L | ViN=5.0V — 035 05 mA
ViN =12V 1 — 10 145 mA
||N(OFF) 4 All Ic =500 pA, Tp =70°C 50 65 — HA
Input Voltage VIN(ON) 5 | ULN2003A/L | Vog=20V,Ig=200mA -  — 24 v
Vce =20V, Ic =250 mA — — 27 \
Vee = 2.0V, g =300 mA — — 3.0 \
ULN2004A/L | Vee=2.0V,Ig=125mA B — 50 \
Veg = 2.0V, g =200 mA — - 6.0 v
VeE = 2.0V, I = 275 mA s L - 70| v
Ve 2.0V, I =350 mA — — 8.0 \
Input Capacitance Cin — All ; — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 Ejnto 0.5 EquT — 025 1.0 us
Turn-Off Delay tpHL 8 All 0.5 Ento 0.5 EgyTt . — 025 10 us
Clamp Diode IR 6 All VR =560V, Ty=25°C 4= — 50 HA
Leakage Current VR = 50V, T = 70°C _ _ 100 LA
Clamp Diode VE ' 7 All I =350 mA ) — 1.7 20
Forward Voltage

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




Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Forward Voltage

Test Applicable Limits
Characteristic Symbal | Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current | lgex ) 1A All Vee =95V, Ty =25°C . <1 50 HA
VcE = 95V, Ta = 70°C — <1 100 pA
1B | ULN2024AL | Vep=95V, TA=70°C,Vjy=10V|[ — <5 500 pA
Collector-Emitter VCE(SAT) Al Ic = 100 MA, Ig =250 pA |1 = o8 11 v
Saturation Voltage Ic = 200 mA, Ig = 350 UA — 11 48 ¥
Ic =350 mA, Ig =500 HA — 1.3 1.6 \
Input Current IIN(ON)V 3 ULN2023A/L | V)N=3.85V — 083 135 mA
ULN2024A/L ViN=5.0V —_ 035 0.5 mA
Vi Ay — 10 145 mA
N(OEF] 4 Al lo = 500 pA, T4 = 70°C 50 65 —  pA
Input Voltage Vivon) | 5 | ULN2023ALL | Vce =20V, I =200 mA T\ — 24 v
Vee =20V, Ig = 250 mA A\ - 27 v
Vg = 2.0 V, Ig = 300 mA H - 30 v
ULN2024AL | Veg=20V, lg=125mA H - s50 v
Veg = 2.0 V, Ig = 200 mA H — 60 v
Vg =20V, I = 275 mA iy — 70 v
Ve =2.0V, Ig = 350 mA 'y — 80 v
Input Capacitance CiNn Ve All g — 15 25 pF
Turn-On Delay W | ‘e Al 0.5 Epto 0.5 Equr 1 — o025 10 o ps
Tum-Off Delay A T7] 8 Al 0.5 Ej10.0.5 Equt 1 — o025 10 us
Clamp Diode i, 8 All VR=95V, Tp=25°C 1 — — s A
Leakage Current V=95V, Ty = 70°C _ _ 100 LA
Clamp Diode Ve N Al I = 350 mA 1 — 17 20 v

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

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-6000



TEST FIGURES
FIGURE 1A ‘ FIGURE 1B

FIGURE 2
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)
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Dwg. No. A-9729A Dwg. No. A-9730A Dwg. No. A-8731A

FIGURE 3 FIGURE 4 FIGURE 5

OPEN OPEN

Dwg. No. A-9732A Y. Dwg. No. A-9733A Dwg. No. A-9734A

FIGURE 6 FIGURE 7

FIGURE 8

JOJO¥
OPEN VE
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e
Dwg. No. A-9735A Dwg. No. A-9736A ULN20X3* 3.5V CTCN
ULN20X4* 12V PRR = {0z

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

X = Digit to identify specific devicg. 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,)
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OUTPUT CURRENT IN mA/CHANNEL
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R e
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Roua = 60°C/W
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DUTY CYCLE IN PER CENT
g Dwg. GP-0T0

(Small-Outline-Packaged Deyices, Suffix ‘L,)
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\\\\ \\\ ‘\\ \\
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AS A FUNCTION OF COLLECTOR CURRENT
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400

200

COLLECTOR CURRENT IN mA

v

05 1.0 1.5 20
COLLECTOR-EMITTER SATURATION VOLTAGE

Dwg. GP-067

COLLECTOR CURRENT IN mA

TYPICAL APPLICATIONS

+Vss +V

PMOS
OUTPUT
Dwg. No. A-9652

+V| " i +V

2N4901
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1 oUTPUT

Dwg. No. A-8654A

COLLECTOR CURRENT AS A
FUNCTION OF INPUT CURRENT
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4
4
4
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o
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Dwg. GP-068

g L3

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



Dwg. No. A-9653A

+Vee

TTL
OUTPUT

Dwg. No, A-40,175

INPUT CURRENT IN mA — Iiv

INPUT CURRENT IN mA —

2.5

2.0

1.5

0.5

20

20

0.5

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

Types ULN2003A, ULN2003L, ULN2023A, and
ULN2023L

AREA OF NORMAL OPERATION
WITH STANDARD OR SCHOTTKY TTL

4.0
INPUT VOLTAGE

6.0

Dwg. GP-068

Types ULN2004A, ULN2004L, ULN2024A, and
ULN2024L

-
-'---'

'-____p!
3

INPUT VOLTAGE

11 12

Dwg. GP-068-1




PACKAGE DESIGNATOR “A”

Dimensions in Inches
(controlling dimensions)

9

0.280
0.240

E W = NS\ B2

=
8
0.100 L_.— 0.005
BSC MIN

0.775
0.735

~f 0022
0014 Dwg. MA-Q01-16A In

Dimension in Millimeters
(for reference only)

16 9
A 1 EisJime FONNSS ] FE Tvie=s)

——.l l" 8:ggg Dwg. MA-001-16A mm

NOTES: 1. Leads 1, 8, 9, and 16 may b half leads at vendor’s option.
2. Lead thickness is measured pt seating plane or below.
3. Lead spacing tolerance is ngn-cumulative.
4. Exact body and lead copfiguration at vendor’s option within limits shown.

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




PACKAGE DESIGNATOR “L”

Dimensions in Inches
(for reference only)

16 . 9
0.0098
THHHHHHHH
0.1574 0.2440
0. 1397 0.2284 88?8
SRR —
g e M
0.3859
.
0.0688
0.0532

[ 0.0040 MIN. Dwg. MA-007-16 in

Dimension in Millimeters
(controlling dimensions)

IR AR RE

[V

NEERLER

8%113_—"!1}‘_ 10.0 _'l F— ggg 0° 10 §°

!

1.756 | H
1.35_y |\

T L P.10 MIN. Dwg. MA-007-16A mm

NOTES: 1. Lead spacing tolerance js ngn-cumulative.
2. Exact body and lead configyration at vendor’s option within limits shown.




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 design of its products.

The information included herein is believed to be accurate and reliable. However, Allegro
MicroSystems, Inc. assumes no responsibility for its use; npr for any infringements of patents or other
rights of third parties which may result from its use.
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