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LM2594MX-3.3

0.5A 150KHz 40V PWM Buck DC/DC Converter

Features
Package Types

Adjustable Output Voltage Range 1.23V~37V
3.3V,5V,12V, and adjustable versions

Guaranteed 0.5 A Output Load Current

Wide Input Voltage Range up to 40 V
150 kHz Fixed Frequency Internal Oscillator

TTL Shutdown Capability
Low Power Standby Mode, typ 50 uA
Thermal Shutdown and Current Limit Protection

Internal Loop Compensation

Moisture Sensitivity Level (MSL) Equals 1

These are Pb—Free Devices

Figure 1. Package Types of LM2594

Applications

Simple High—-Efficiency Step—Down
(Buck) Regulator
Efficient Pre—Regulator for Linear

Regulators

On-Card Switching Regulators
Positive to Negative Converter

(Buck-Boost)
Negative Step—Up Converters
Power Supply for Battery Chargers
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LM2594MX-3.3

Pin Configurations

Pin Description

NC [1] 8] OUTPUT
NC [2] 7] VIN

NC [3] 6] GND

FB [4] 5] ON/OFF

Figure 2 Pin Configuration of LM2594 (Top View)

Pin Number Pin Name | Description
1/2/3 NC Not Connected

4 FB This pin is the direct input of the error amplifier and the resistor network R2, R1 is
connected externally toallow programming of the output voltage.
Allows the switching regulator circuit to be shut down using logic levels, thus dropping the total input supply

5 ON/OFE current to approximately 50 uA. The threshold voltage is typical. 1.6 V. Applying a voltage above this value
(up to VIN) shuts the regulator off. If the voltage applied to this pin is lower than 1.6 V or if this pin is left
open,the regulator will be in the “on” condition.

6 GND Circuit ground pin. See the information about the printed circuit board layout.
Positive input supply for LM2594 step—down switching regulator. In order to minimize voltage transients

7 VIN andto supply the switching currents needed by the regulator, a suitable input bypass capacitor must be
present
Emitter of the internal switch. The saturation voltage Vsat of the output switch is typically 1 V. It should be

8 OUTPUT |keptin mind that PCB area connected to this pin should be kept to a minimum in order to minimize coupling

to sensitive circuitry
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LM2594MX-3.3

Function Block

220mV_200mYy VJ:I Vin

— 3.3V Regulator
V 11.23V Reference

FB [

Ir Ir Jmawmo L
A TT

||

1N5817

Latch —»{ Driver
[y
itch
Thermal St SW
- Shutdown

3.3V R2=4.2K b

5V R2=7.6K GND

12V R2=21.8K

ADJ R2=0 R1=0PEN

Figure 3 Function Block Diagram of LM2594
Typical Application Circuit
v T 1
Unregulated l l.C Feedback o—6 AN
DC Input VIN l | 4 c R1=1kQ J_
O—e Ojl LM2594 | L1 FE R2 = 3k
7 100 uH 104 =
l l '-C Output W T ! o
l___ ———— ___! 8 l Vout =5 V; ligag = 0.5A
CiN = 68 uF 5 Cout
:|: ONJ/OFF GND D1 :|: 220 \F

Figure4. LM2594-AD] Typical

Application Circuit (VIN=8V~40V, VOUT=5V/0.5A)
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LM2594MX-3.3

Ordering Information

Order Information

Marking ID Package Type | Eco Plan Packing Type Supplied As
LM2594MX-ADJ LM2594-ADJ SOP8L RoHS & HF 2500 Units on Reel
LM2594MX-3 LM2594-3.3 SOP8L RoHS & HF 2500 Units on Reel
LM2594MX-5.0 LM2594-5 SOP8L RoHS & HF 2500 Units on Reel
LM2594MX-12 LM2594-12 SOP8L RoHS & HF 2500 Units on Reel
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LM2594MX-3.3

Absolute Maximum Ratings

Notel: Stresses greater than those listed under Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation of the device

at these or any other conditions above those indicated in the operation is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

reliability.
Parameter Symbol Value Unit

Input Voltage Vin -0.3to 45 \Y
Feedback Pin Voltage VEs -0.3 to VIN \Y
Enable Pin Voltage Ven -0.3to VIN \Y
Switch Pin Voltage Vsw -0.3to VIN \Y
Power Dissipation Pp Internally limited mW
Operating Junction Temperature T, -40~125 °C
Storage Temperature Tste -65to 150 °C
Lead Temperature (Soldering, 10 sec) TLEAD 260 °C
ESD (HBM) 2000 \Y,
MSL Level3
Thermal Resistance-Junction to Ambient RBJA 85 °C/W
Thermal Resistance-Junction to Case ReJC 45 °C/W
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LM2594MX-3.3

LM2596MX-3.3 Electrical Characteristics

T.=25%C;unless otherwise specified.

Symbol Parameter Test Condition Min. | Typ. | Max.| Unit
System parameters test circuit figure6
Output Vin =8V to 40V
vouT Voltage lload=0.1Ato 0.5A 31681 33 | 3432 v
. Vin=12V ,Vout=3.3V
Efficienc ’ - _ 0
i cleney lout=0.5A o %
LM2596MX-5.0 Electrical Characteristics
T.=25°C;unless otherwise specified.
Symbol Parameter Test Condition Min. | Typ. | Max. | Unit
System parameters test circuit figure7
Output Vin =8V to 40V
vouT Voltage lload=0.1Ato 0.5A 4.8 ° 52 v
- Vin=12V ,Vout=5V
Eff ’ ’ _ _ o
n elency lout=0.5A 88 %
LM2596MX-12 Electrical Characteristics
T.=25C;unless otherwise specified.
Symbol Parameter Test Condition Min. | Typ. | Max.| Unit
System parameters test circuit figure8
Output Vin=15Vto 40V,
vouT Voltage lload=0.1Ato 0.5A .52 12 12.48 v
- Vin=25V ,Vout=12V
Eﬁ ’ ’ — _ o
n elency lout=0.5A %0 %
LM2596MX-ADJ Electrical Characteristics
T.=25%C:unless otherwise specified.
Symbol Parameter Test Condition Min. | Typ. | Max. | Unit
System parameters test circuit figure9
Output Vin =8V to 40V
vout Voltage lload=0.1Ato 0.5A 1193 1 1.23 | 1.267 v
n Efficiency Vin=12V ,Vout=5V, ~ 88 _ %
lout=0.5A
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Electrical Characteristics (DC Parameters)

Vin =12V for the 3.3V,5V,and Adjustable versions and Vin=24V for the 12V version, GND=0V,
Vin & GND parallel connect a 220uF/50V capacitor; lout=500mA, T. = 25°C; the others floating
unless otherwise specified.

Parameters Symbol Test Condition Min. | Typ. | Max. | Unit
Input operation voltage Vin 4.5 40 \%
Shutdown Supply Current Is Ven=5V 50 200 uA
. Ven :OV,
Quiescent Supply Current lq ) 4.5 10 mA
Ves =Vin
Oscillator Frequency Fosc 127 | 150 173 | Khz
Switch Current Limit I Vee =0V 4.0 A
, High (Regulator OFF) 1.4
EN Pin Threshold Ven \%
Low (Regulator ON) 0.8
Current I Ven =0.5V (ON) 0.5 5 uA
. Ves=0V
Output Saturation Voltage Vee L=2A 1.2 1.5 \
Max. Duty Cycle Dwax Ves=0V 95 %
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LM2594MX-3.3

Test Circuit and Layout guidelines

KEEP FEEDBACK WIRING AWAY

Fixed Output Voltage Versions EROM INDUCTOR FLUX
FB L1 <—m
REGULATED 3uh
VIN LM2594 Output OUTPUT
FIXED OUTPUT L
A~ o
1 | GND EN _ LOW ESR SHORT 180uf A
UNREGULATED — -~ LOAD LEADS u b
DC INPUT CIN C1 D1
105 OFF M cout
i ON ¢
HEAVY LINES MUST BE KEPT SHORT AND USE GROUND OPTIONAL POST RIPPLE FILTER
PLANE CONSTRUCTION FOR BEST RESULTS

CFF LOCATE THE PROGRAMMING RESISTORS NEAR THE

. . FEEDBACK PIN USING SHORT LEADS
Adjustable Output Voltage Versions ’—GL
<}—’M—< EEP FEEDBACK WIRING AWAY

RTIK R2 /K FROM INDUCTOR FLUX
FB P
UTPUT
VIN LM2594 Output REGULATED O
T ADJUSTABLE ﬁ
UNREGULATED 4~ —— GND EN -+
DC INPUT CIN c1 o b1 CIC_)?JT AD
105 FF
| oL |

HEAVY LINES MUST BE KEPT SHORT AND USE GROUND
PLANE CONSTRUCTION FOR BEST RESULTS

VOUT=1.23*(1+R2/R1)

Figure4. Standard Test Circuits and Layout Guides
Select R1to be approximately 1K, use a 1% resistor for best stability.
C1and CFF are optional; in order to increase stability and reduce the input power line noise, C1
must be placed near to PIN1 and PIN3;
For output voltages greater than approximately 10V, an additional capacitor CFF is required.
The compensation capacitor is typically between 100 pf and 33 nf, and is wired in parallel with
the output voltage setting resistor, R2. It provides additional stability for high output voltage,
low input—output voltages, and/or very low ESR output capacitors, such as solid tantalum
capacitors.
CFF=1/(31*1000*R2); This capacitor type can be ceramic, plastic, silver mica, etc. (Because of
the unstable characteristics of ceramic capacitors made with Z5U material, they are not
recommended.)
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LM2594MX-3.3

LM2594 Series Buck Regulator Design Procedure (Fixed Output)

Nichicon Pm Capacitors
Vin (V) Capacity/Voltage Range / ESR[uF/V/mQ]
40 1000/10/ 680/250 470/10/ 470/10/ 330/10/ 220/25/ 220/110 180/25/ 180/35/
60 140 140 160 110 140 100
35 1000/10/ 680/150 470/10/ 330/10/ 180/25/ 180/25/ 180/25/ 180/25/ 180/35/
60 140 160 140 140 140 140 100
26 1000/10/ 470/10/ 330/10/ 220/25/ 180/25/ 180/25/ 100/25/ 180/25/
60 140 160 110 140 140 240 140
20 1000/10/ 470/10/ 220/25/ 220/25/ 100/25/ 100/25/ 100/25/
60 140 110 110 240 240 240
18 1000/10/ 470/10/ 220/25/ 220/25/ 100/25/ 100/25/ 100/25/
60 140 110 110 240 240 240
12 470/10/ 470/10/ 220/25/ 180/25/ 100/25/
140 140 110 140 240
10 470/10/ 470/10/ 220/25/ 180/25/
140 140 110 140
Vout (V) 2 3 4 6 9 12 15 24 28
Cee (nF) 15 4.7 1.5 1.5 1.5 1.5 1 0.6 0.6
— =~

N
o

]
o

E*T(V*us)

LS -

/—6
0.1 .2

Maximum load current (A)

N PO O

0.5
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LM2594MX-3.3

LM2594 Series Buck Regulator Design Procedure (Adjustable Output)

Through Hole Output Electrolytic Surface Mount Output Capacitor
Output - —
Panasonic Nichicon AVX Sprague
Voltage ) ) Feedforward ) . Feedforward
HFQ Series PL Series ) TPS Series 595D Series )
V) Capacitor Capacitor
(uF/Vv) (uF/V) (uF/v) (uF/v)
2 820/35 820/35 33nF 330/6.3 470/4 33nF
4 560/35 470/35 10nF 330/6.3 390/6.3 10nF
6 470/25 470/35 3.3nF 22010 33010 3.3nF
9 330/25 330/25 1.5nF 100/16 180/16 1.5nF
12 330/25 330/25 1nF 100/16 180/16 1nF
15 220/25 220/35 680pF 68/20 120/20 680pF
24 220/35 150/35 560pF 33/25 33/25 220pF
28 100/50 100/50 390pF 10/35 15/50 220pF
Schottky Diode Selection Table
1A Diodes
Surface Mouns Through Hole
Ultra Fast Ultra Fast
VR Schottky Recovery Schottky Recovery
20V MBRS140 All of these diodes are rated 1N5817 All of these diodes are rated to at least 60 V.
to at least 60 V. MURS120 MUR120 HER101 11DF1
30V 10BQ040 10BF10 SR102
40V 10MQ040 1N5818
50 V or more MBRS160 SR103
10BQ050 11DQO3
10MQ060 1N5819
MBRS1100 SR104
10MQ090 11DQ04
SGL41-60 SR105
SS16 MBR150
MBRS140 11DQO05
10BQ040 MBR160
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LM2594MX-3.3

Typical System Application for 3.3V Version

FB L1 47uH/1A
VIN Output 3.3V/3A
T LM2594-3.3 T
4 - GND EN
12V o -~ LOAD
100uF Ct OFF D1 cout
105 470uF
i 50V ON 1N5817 35V
Figure5. LM2594-3.3 System Parameters Test Circuit
Typical System Application for 5V Version
B L1 47uH/1A
VIN Output 5V/0.5A
T LM2594-5 T
B GND EN
VS 1 -
+12v CIN N ap LOAD
ouE | ©1 OFF D1 SouT
100uF 105 330uF
50V ON NS817 35V

Figure6. LM2594-5.0 System Parameters Test Circuit
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LM2594MX-3.3

Typical System Application for 12V Version

B L1 68uH/1A
4

VIN Output 12V/0.5A

T 1 LM2594-12 T

I L ¢} 5 I
AT T ™
+24V aN | aND — Jen o1 cour LOAD
100uF FF 180uF
i 50V 105 ON l 1N5817 25V i
Figure7. LM2594-12 System Parameters Test Circuit
Typical System Application for ADJ Version
CFF 10nf
i
<} R1 1K R2 3.1K
L1 47uh/1A
FB
VIN Output
T LM2594-AD SVI0.5A T
S I GND EN —+
™ T ™
+24V CIN o1 COouT LOAD
100uF OFF 470uF
i sov | 105 on— L 35V i

VOUT=1.23*(1+R2/R1)

Figure8. LM2594-AD System Parameters Test Circuit
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LM2594MX-3.3

SOP8L Package Outline Dimensions
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Fa~ MIN (mm) MAX (mm) gL MIN (mm) MAX (mm )
A 4. 80 5. 00 €3 0.05 0. 20
Al 0. 356 0. 456 C4 0. 203 0. 233
A2 1. 27TYP D 1. 05TYP
A3 0. 345TYP D1 0. 40 [ 0. 80
B 3. 80 4,00 R1 0. 20TYP
BI 5. 80 6. 20 R2 0. 20TYP
B2 5. 00TYP 01 17°_TYP4
C 1. 30 1. 60 02 13°_TYP4
Cl 0.55 0. 65 03 0° ~ 8°
cz 0.55 0. 65 04 4 ~ 12°
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