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Bent and Staggered Leads, Through Hole

Side
View

Top
View

Package
5-Lead TO-220 (T)

Pins 1, 3, and 5
’ Pins 2 and 4

GND —T—T——15 - ON/OFF
[——T T 14 - Feed Back
O [— T T 13 - Ground
[ T 1T 12 - Output
of—T—T—11 -V,

Order Number LM2596T-3.3, LM2596T-5.0,
LM2596T-12 or LM2596T-ADJ
See NS Package Number TO5D

Side
View

Top
View

Surface Mount Package
5-Lead TO-263 (S)

4 R

—T—T—5 - ON/OFF

Metal [—T—T 4 - Feed Back
Tab [T 113 - Ground
GND —T—T171 2 - output

o1 - v,

Order Number LM2596S-3.3, LM2596S-5.0,

LM2596S-12 or LM2596S-ADJ
See NS Package Number TS5B

http://www.n

ational.com/JPN/




96GCINT

O00000 Note1)
000000000000 O0OO0D0DODOOO0OOOOOOOoOooO ooooo
0000000000000000O00O0O00000 sOoooo
oooooo 45V 0000000006000 02150
ON/OFF000 000 0030 VOO 25V oooolotd 02450
10000000000 O o030 vogesy T0000000000001000 02600
0000000000000 (0000) opi1v Hoobood 01500
gogd oood
Dooooo Desooo1son 0000
ESD OO
oood 04000 T,00 1250
00000 (Note2) 2kV
gogono 4.5v 0 40V
Oo0o000 O LM2596-3.3
oooooooooooobooon, 02000000000 0O0O00O0O0OO0OOOCOOOOOO0O0O0
LM2596-3.3 Uni
Symbol Parameter Conditions Typ Limit (Li::ittss)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
Vour Output Voltage 475V 0 Viy O 40V,02A 0 I gap O 3A 33 v
3.168/3.135 | V(min)
3.432/3.465 | V(max)
n Efﬁciency VIN 0 12V, ILOAD 0 3A 73 g
00000 O LM2596-5.0
boboodoboooobooooboooT,bo2s0ob0bobbOobDbc0OODOO0oDOOoO0OOOO0OO0OOoOooooOo
LM2596-5.0 Unit
Symbol Parameter Conditions Typ Limit (Li:r:itss )
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
VOUT Output Voltage 7v Qd VIN 0 40V, 02A 0O ILOAD 0O 3A 5.0 \Y
4.800/4.750 | V(min)
5.200/5.250 | V(max)
n Efﬁciency VIN 0 12v, ILOAD 0 3A 80 a
00000 O LM2596-12
oooooooooooobobooon,02s0b000000O0O0ODOOOO0OOOOOOOOOOObOOO
LM2596-12 Unit
Symbol Parameter Conditions Typ Limit (Lirr::itss )
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
Vour Output Voltage 15V 0 Viy O 40V, 02A 0 I oap O 3A 12.0 \Y%
11.52/11.40 | V(min)
12.48/12.60 V(max)
n Efficiency VinO 25V, I gap O 3A 90 -

3 http://www.national.com/JPN/
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00000 O LM2596-ADJ
oboooooooobooooboooTn,bo2s0000000000O0O0O0DOO0ODOOO0OO0OOODOOO
LM2596-ADJ
Symbol Parameter Conditions imi Units
Y Typ Limit (Limlts)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
VEB Feedback Voltage 45v0 VO 40V,02A 0 I gap O 3A 1.230 \%
Vour programmed for 3V. Circuit of Figure 1 1.193/1.180 V(min)
1.267/1.280 V(max)
n Efficiency VIN 0 12V, VOUT O 3V, ILOAD 0 3A 73 0

ooooooooooooooo

000000000000000T,025000000000000000000000000000000000003.3V05V0
0000000000000 VO 12VO 12VO00000000 VO 24V 0000 I gap 0 500mA 00 O

LM2596-XX

Symbol Parameter Conditions Typ Limit (t.:::lttss)
(Note 3) (Note 4)
DEVICE PARAMETERS
Iy Feedback Bias Current Adjustable Version Only, Vpg O 1.3V 10 nA
50/100 nA (max)
fo Oscillator Frequency (Note 6) 150 kHz
127/110 kHz(min)
173173 kHz(max)
Vgar Saturation Voltage Iour O 3A (Note 70J8) 1.16 \%
1.41.5 V(max)
DC Max Duty Cycle (ON) (Note 8) 100 O
Min Duty Cycle (OFF) (Note 9) 0
IeL Current Limit Peak Current (Note 701 8) 4.5 A
3.6/3.4 A(min)
6.9/7.5 A(max)
Iy Output Leakage Current Output O 0V (Note 700 9) 50 M A(max)
Output 00O 1V (Note 10) 2 mA
30 mA (max)
Ig Quiescent Current (Note 9) 5 mA
10 mA (max)
IstRY Standby Quiescent Current ON/OFF pin [0 5V (OFF) (Note 10) 80 A
200/250 M A(max)
0 Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 0o /w
CEN TO-220 Package, Junction to Ambient (Note 11) 50 O /w
CETN TO-263 Package, Junction to Ambient (Note 12) 50 O /w
CEN TO-263 Package, Junction to Ambient (Note 13) 30 o /w
CEN TO-263 Package, Junction to Ambient (Note 14) 20 0o /w
ON/OFF CONTROL Test Circuit Figure 1
ON /OFF Pin Logic Input 13 v
Vin Threshold Voltage Low (Regulator ON) 0.6 V(max)
ViL High (Regulator OFF) 2.0 V(min)
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ob0o0ooboooboboooooT, 02000000000 0000OO0CO0OO0ODOOODOO0OOO0OO0OOOOOO0OOoOo3.3vosvo
obobooooboooooono vyO 12vo 12voooooooo v 24v 0000 pap 0 500mA 00O
LM2596-XX .
Symbol Parameter Conditions imi Units
y Typ Limit (Limits)
(Note 3) (Note 4)
ON/OFF CONTROL Test Circuit Figure 1
Iy ON /OFF Pin Input Current |V} ogic 0 2.5V (Regulator OFF) 5 HA
15 U A(max)
I ViogicO 0.5V (Regulator ON) 0.02 HA
5 U A(max)

Note1: 000D 0OO0OOODDICOOD0OO0OOOOOOOOODOOOOOOOODOOOOODOODICOO0O0O00DO0O000000O000O0O0

Note 2:
Note 3:
Note 4:

Note 5:

Note 6:
Note 7:
Note 8:
Note 9:
Note 10:
Note 11:
Note 12:
Note 13:
Note 14:

OO0000000O (Circuit of Figure 1)
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THRESHOLD VOLTAGE (V)

0.5

0

Switch Saturation
Voltage

o '/'
T 40/&?/
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SWITCH CURRENT (A)
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Iswiren = 0

\\

Switch ON
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JUNCTION TEMPERATURE (°C)

ON /OFF Threshold
Voltage

=50 =25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)

CURRENT (uA) SWITCH CURRENT LIMIT (A)

CURRENT (pA)

O0000000O (Circuit of Figure 1 )O O OO0

Switch Current Limit

5.5
Viy = 12v
VOUT = 5V
5.0
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4.0
35
-50 -25 O 25 30 75 100 125
JUNCTION TEMPERATURE (°C)
Shutdown
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120 T T T
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100
T, = 25°C ——
\ ///"
80 h
-—-“’ '\
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40
20
0
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ON /OFF Pin
Current (Sinking)
8 | | T
; Vi = 40V
-40°C = TJ =< 125°C
6
5 |
. |
3
2
1
0
0 S5 10 15 20 25

ON/OFF PIN VOLTAGE (V)

SUPPLY VOLTAGE (V) INPUT-OUTPUT DIFFERENTIAL (V)

FREQUENCY (kHz)

0.8

0.6

Dropout Voltage

[ U= 33 uH
Ryp = 0.040
Vour = Vegg —50mV
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—

lLoap = 3A
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0

=50 -25 0 25 50 75
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Continuous Mode Switching Waveforms
VinO 20V, Voyt O 5V, ILoap O 2A
LO 32“ H, COUT O 220” F, COUT ESR O 50 mQ

20V

50 mV
C AC/
div.

Horizontal Time Base: 2 s/div.
A: Output Pin Voltage, 10V/div.
B: Inductor Current 1A/div.

A:
C: Output Ripple Voltage, S0 mV/div.

Load Transient Response for Continuous Mode
VinO 20V, Vout O 5V, I oap O 500 mA O 2A
LO 32“ H, COUT O 220” F, COUT ESR O 50 mQ

100 mV
AC/
div.

A

2A

1A
0A

(_

Horizontal Time Base: 100 s/div. A
A: Output Voltage, 100 mV/div. (AC)

B: 500 mA O 2A Load Pulse

goooooooobooooooOoooo

Discontinuous Mode Switching Waveforms
VinO 20V, Voyt O 5V, I gap O 500 mA
LO 10uH, COUT 0 330uF, COUT ESRO 45 mQ

Horizontal Time Base: 2 s/div.
Output Pin Voltage, 10V/div.

B: Inductor Current 0.5A/div.
C: Output Ripple Voltage, 100 mV/div.

Load Transient Response for Discontinuous Mode
VinO 20V, Vout O 5V, I oap O 500 mA O 2A
LO 10pH, Coyr O 330p F, Coyr ESRO 45 mQ

100 mV
A AC/
div.
2A
B

Horizontal Time Base: 200 s/div.
Output Voltage, 100 mV/div. (AC)

B: 500 mA [0 2A Load Pulse

Fixed Output Voltage Versions

4 | FEEDBACK

LM2596 OUTPUT

! FIXED OUTPUT )
UNREGULATED
DC INPUT

1 oy SlGND 5loN/0FF

KEEP FEEDBACK WIRING AWAY
<" FROM INDUCTOR FLUX

REGULATED QUTPUT

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

Cy — 470pFO50VO Aluminum Electrolytic Nichicon “PL Series”
Cour — 220pFO 25V Aluminum Electrolytic[] Nichicon “PL Series”
D1 — 5A040V Schottky Rectifierd 1N5825

L1 — 68uHOL38

<«

LOW ESR
SHORT LEADS

OPTIONAL POST RIPPLE FILTER

http://www.national.com/JPN/
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Adjustable Output Voltage Versions

Crr

R1

LOCATE THE PROGRAMMING RESISTORS NEAR
THE FEEDBACK PIN USING SHORT LEADS

4 | FEEDBACK
il Lm2s96 |outru
+
f 1 ADJUSTABLE
UNREGULATED —
DC INPUT + ¢y 3feno 5 ON/OFF

L1l

KEEP FEEDBACK WIRING AWAY
<" FROM INDUCTOR FLUX

T REGULATED OUTPUT

HEAVY LINES MUST BE KEPT SHORT AN

Ra
Vout = VRer | 1+ 5=
X
where Vppp O 1.23V
V
Ry = R; (ﬂ -1 )
VREF

R, 00 1kQO000100000000000000
Cy — 4700 FO 50V0O Aluminum Electrolytic Nichicon “PL Series”
Cour — 220pFO 35V Aluminum ElectrolyticOl Nichicon “PL Series”

D1 — 5A040V Schottky Rectifier(] IN5825
Ll — 68pHOL38
Rl — 1kQO 10

Cpyp —00000O0O000DOOOODOO

FIGURE 1. Standard Test Circuits and Layout Guides
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GROUND PLANE CONSTRUCTION FOR BEST RESULTS
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I oap (Max) 0000000

1.00000000 (L1)

A. Figure 4 OFigure 5 00000 Figure 6 0000000000
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C.0000000000Figure8000 4000000000
ooooooooo

2. 0000000000 (Cour)
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LM2596 0000000 (OO0 )DOOOOOODOOO(ODOODOODDODOOOO )ooooo

Conditions Inductor Output Capacitor
Through Hole Surface Mount Tantalum
Electrolytic
Output Load Max Input |Inductance| Inductor | Panasonic | Nichicon | AVX TPS Sprague
Voltage Current Voltage @ H) (#) HFQ Series | PL Series Series 595D Series

\J) (A) \J) @F/N) @ FN) @FN) @FN)
3.3 3 5 22(L41 470/25 560/16 330/6.3 390/6.3
7 22|L41 560/35 560/35 330/6.3 390/6.3

10 22|L41 680/35 680/35 330/6.3 390/6.3

40 33(L40 560/35 470/35 330/6.3 390/6.3

6 22(L33 470/25 470/35 330/6.3 390/6.3

2 10 33(L32 330/35 330/35 330/6.3 390/6.3

40 47|L39 330/35 270/50 220/10 330/10

5 3 8 22(L41 470/25 560/16 220/10 330/10
10 22|L41 560/25 560/25 220/10 330/10

15 33(L40 330/35 330/35 220/10 330/10

40 47|L39 330/35 270/35 220/10 330/10

9 22(L33 470/25 560/16 220/10 330/10

2 20 68 (L38 180/35 180/35 100/10 270/10

40 68(L38 180/35 180/35 100/10 270/10

12 3 15 22|L41 470/25 470/25 100/16 180/16
18 33(L40 330/25 330/25 100/16 180/16

30 68 (L44 180/25 180/25 100/16 120/20

40 68|L44 180/35 180/35 100/16 120/20

15 33(L32 330/25 330/25 100/16 180/16

2 20 68 (L38 180/25 180/25 100/16 120/20

40 150|L42 82/25 82/25 68/20 68/25

FIGURE 2. LM2596 Fixed Voltage Quick Design Component Selection Table
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LM2596 0000000 (000 )DOOOOOODOOO(ODOODOOOOOOO0O)

oOoo0O0O0O000O000000o0 OO000O000000000a0
oo: oo:
Vourd oo Vourd 20V
Viy max) 0000000 VN (max) O 28V
loap max)O0 000000 I} oap (max) O 3A
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Output Through Hole Output Capacitor Surface Mount Output Capacitor
Voltage Panasonic Nichicon PL Feedforward AVX TPS Sprague Feedforward
V) HFQ Series Series Capacitor Series 595D Series Capacitor
@ F/NV) @ F/V) @ F/NV) @FN)
2 820/35 820/35 33 nF 330/6.3 470/4 33 nF
4 560/35 470/35 10 nF 330/6.3 390/6.3 10 nF
6 470/25 470/25 3.3nF 220/10 330/10 3.3nF
9 330/25 330/25 1.5 nF 100/16 180/16 1.5 nF
12 330/25 330/25 1 nF 100/16 180/16 1 nF
15 220/35 220/35 680 pF 68/20 120/20 680 pF
24 220/35 150/35 560 pF 33/25 33/25 220 pF
28 100/50 100/50 390 pF 10/35 15/50 220 pF

MAXIMUM INPUT VOLTAGE (V)

MAXIMUM INPUT VOLTAGE (V)

FIGURE 3. Output Capacitor and Feedforward Capacitor Selection Table
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Inductance | Cur- Schott Renco Pulse Engineering Coilcraft
@ H) rent [ Through | Surface Through Surface | Through | Surface Surface
(A) Hole Mount Hole Mount Hole Mount Mount

L15 22| 0.99 67148350 67148460 |RL-1284-22-43 |[RL1500-22 | PE-53815 | PE-53815-S | DO3308-223
L21 68| 0.99 67144070 67144450 |RL-5471-5 RL1500-68 | PE-53821 PE-53821-S | DO3316-683
L22 47| 1.17 67144080 67144460 |RL-5471-6 — PE-53822 | PE-53822-S | DO3316-473
L23 33| 1.40 67144090 67144470 |RL-5471-7 — PE-53823 | PE-53823-S | DO3316-333
L24 22| 1.70 67148370 67148480 |RL-1283-22-43 — PE-53824 | PE-53825-S | DO3316-223
L25 15| 2.10 | 67148380 67148490 |RL-1283-15-43 — PE-53825 | PE-53824-S | DO3316-153
L26 330 0.80 | 67144100 67144480 |RL-5471-1 — PE-53826 | PE-53826-S | DO5022P-334
L27 220( 1.00 67144110 67144490 |RL-5471-2 - PE-53827 | PE-53827-S | DO5022P-224
L28 150 1.20 67144120 67144500 |RL-5471-3 — PE-53828 | PE-53828-S | DO5022P-154
L29 100 1.47 67144130 67144510 |RL-5471-4 — PE-53829 | PE-53829-S | DO5022P-104
L30 68| 1.78 67144140 67144520 |RL-5471-5 — PE-53830 | PE-53830-S | DO5022P-683
L31 47| 2.20 67144150 67144530 |RL-5471-6 — PE-53831 PE-53831-S | DO5022P-473
L32 33| 2.50 67144160 67144540 |RL-5471-7 — PE-53932 | PE-53932-S | DO5022P-333
L33 22| 3.10 67148390 67148500 |RL-1283-22-43 — PE-53933 | PE-53933-S | DO5022P-223
L34 15| 3.40 67148400 67148790 |RL-1283-15-43 - PE-53934 | PE-53934-S | DO5022P-153
L35 220( 1.70 67144170 - RL-5473-1 - PE-53935 | PE-53935-S -

L36 150| 2.10 67144180 - RL-5473-4 — PE-54036 | PE-54036-S -

L37 100| 2.50 67144190 - RL-5472-1 — PE-54037 | PE-54037-S -

L38 68| 3.10 67144200 - RL-5472-2 — PE-54038 | PE-54038-S -

L39 47| 3.50 67144210 - RL-5472-3 — PE-54039 | PE-54039-S -

L40 33| 3.50 67144220 67148290 |RL-5472-4 — PE-54040 | PE-54040-S -

L41 22| 3.50 67144230 67148300 |RL-5472-5 — PE-54041 | PE-54041-S -

L42 150| 2.70 67148410 - RL-5473-4 — PE-54042 | PE-54042-S -

L43 100| 3.40 67144240 - RL-5473-2 — PE-54043 -

L44 68| 3.40 67144250 - RL-5473-3 — PE-54044 -

FIGURE 8. Inductor Manufacturers Part Numbers

Coilcraft Inc. Phone (800) 322-2645
FAX (708) 639-1469
Coilcraft Inc., Europe Phone 0 111236 730 595
FAX 0 44 1236 730 627
Pulse Engineering Inc. Phone (619) 674-8100
FAX (619) 674-8262
Pulse Engineering Inc., Phone 0 3539324107
Europe FAX 0 3539324 459
Renco Electronics Inc. Phone (800) 645-5828
FAX (516) 586-5562
Schott Corp. Phone (612) 475-1173
FAX (612) 475-1786

FIGURE 9. Inductor Manufacturers Phone Numbers
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Nichicon Corp. Phone (708) 843-7500
FAX (708) 843-2798
Panasonic Phone (714) 373-7857
FAX (714) 373-7102
AVX Corp. Phone (803) 448-9411
FAX (803) 448-1943
Sprague/Vishay Phone (207) 324-4140
FAX (207) 324-7223

FIGURE 10. Capacitor Manufacturers Phone Numbers

VR 3A Diodes 4A-6A Diodes
Surface Mount Through Hole Surface Mount Through Hole
Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast
Recovery Recovery Recovery Recovery
20V All of IN5820 All of All of SR502 All of
SK32 these SR302 these these 1N5823 these
diodes MBR320 diodes diodes SB520 diodes
are are are are
30V 30WQo3 rated to INS821 rated to rated to rated to
SK33 at least MBR330 at least 50WQ03 at least SR503 at least
50V. 31DQO03 50V. 50V. IN5824 50V.
IN5822 SB530
40V |SK34 SR304 50WQ04 SR504
MBRS340 MBR340 1IN5825
30WQ04 MURS320 31DQO4 MUR320 MURS620 SB540 MURG620
50V [SK35 30WF10 SR305 SOWF10 HERG601
or |MBRS360 MBR350 S50WQO05 SB550
More [30WQO05 31DQO5 50SQ080

FIGURE 11. Diode Selection Table
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