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Bent and Staggered Leads, Through Hole Package

5-Lead TO-220 (T)

=

Pins 1, 3 & 5
Pins 2 & 4

GND

O

15 - ON/OFF
14 - Feed Back
13 - Ground
—— T
11 - Output

Order Number LM2595T-3.3, LM2595T-5.0,
LM2595T-12 or LM2595T-ADJ
See NS Package Number T05D

Side
View

Top
View

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

4R

—T—T15 - ON/OFF

Metal —TT1 4 - Feed Back
Tab —TT13 - Ground
GND T T2 - V)

O —T—1T 1 - Output

Order Number LM2595S-3.3, LM2595S-5.0,

LM2595S-12 or LM2595S-ADJ
See NS Package Number TS5B
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gO0000O00Oo0000DOOO0OO0DODOOO0OOOOOOoOooO ooooad
0000000 O0O0ODOOOO0OO0OOO0OOOOOOOO soooono
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ON/OFFO00 00O 0030 VOO 25V DoDaod) H 2450
Jooooooooo o 0o30 voo 2sv TODOoo (bhobooen) t 2600
Jobooooooooono (oooo) aiv nooooon 01500
good gogd oooo
gooooo 065000 1500
ESD OO oooo 04000 T, 00 1250
00000 (Note2) 2kV oooo 4.5V 0 40V
oodoo0 — LM2595-3.3
ooooooooobooooooT, 020000000000 000COOOOOODOO0OOOOO
Symbol Parameter Conditions LM2595-3.3 Units
Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
Vour | Output Voltage 475V 0 Vi O 40V,0.1A 0 T gop O 1A 33 \%
3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency VinD 12V, L oap O 1A 78 O
O0doo0 — LM2595-5.0
ooooooooobooooboooT, 0200000000000 0COO0OOODOODOO0OOOOO
Symbol Parameter Conditions LM2595-5.0 Units
Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
Vour Output Voltage 7V 0 Viy O 40V, 0.1A O I gap O 1A 5.0 v
4.800/4.750 V(min)
5.200/5.250 V(max)
n Efficiency VinO 12V, I gap O 1A 82 g
O0doo0 — LM2595-12
ooooooooooooboobony02s0oo00b0O0O00O0OO0OOO0OOOOODOOOOOOOOoOO
Symbol Parameter Conditions LM2595-12 Units
Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
Vour Output Voltage 15V 0 Vi O 40V, 0.1A 0 I gap O 1A 12.0 v
11.52/11.40 V(min)
12.48/12.60 V(max)
n Efficiency VinO 25V, [ gap O 1A 90 O
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LM2595

Oo0000 — LM2595-ADJ
000000000000000T,025000000000000000000000000000

Symbol Parameter Conditions LM2595-ADJ Units
Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1
VEB Feedback Voltage 45V 0 VO 40V, 0.1A 0 L1 pap O 1A 1.230 \%
Vour programmed for 3V. Circuit of Figure 1 1.193/1.180 V(min)
1.267/1.280 V(max)
n Efficiency VinO 12V, Vour O 3V, L pap 0 1A 78 a

ooooo0ooooooooooon

ooodooboooobooooooT,o2sb0b0bobobdbcbooOo00c0ooOOoOooOOoDoobobOoOboobooOobOboboogos.3vosvd
ooboooobobooooon viyh 12vi12viodgoioond ved 24v 00001 papd 200mA 00O O

Symbol Parameter Conditions LM2595-XX Units
Typ Limit (Limits)
(Note 3) (Note 4)
DEVICE PARAMETERS
Iy, Feedback Bias Current Adjustable Version Only,Vgg O 1.3V 10 nA
50/100 | nA (max)
fo Oscillator Frequency (Note 6) 150 kHz
127/110 | kHz(min)
173/173 | kHz(max)
Vsar Saturation Voltage Iour O 1A (Note 7)(Note 8) 1 v
1.2/1.3 V(max)
DC Max Duty Cycle (ON) (Note 8) 100 O
Min Duty Cycle (OFF) (Note 9) 0
Icr Current Limit Peak Current (Note 7)(Note 8) 1.5 A
1.21.15 | A(min)
2.4/2.6 A(max)
I Output Leakage Current Outputd OV (Note 7)(Note 9) and (Note 10) 50 U A(max)
Output OO 1V 2 mA
15 mA(max)
Ip Quiescent Current (Note 9) 5 mA
10 mA (max)
IsTRY Standby Quiescent ON/OFF pin O 5V (OFF) (Note 10) 85 uA
Current 200/250 | p A(max)
0;c Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 o /w
CEN TO-220 Package, Junction to Ambient (Note 11) 50 o /w
CEN TO-263 Package, Junction to Ambient (Note 12) 50 o /w
0 ja TO-263 Package, Junction to Ambient (Note 13) 30 0 /w
0 A TO-263 Package, Junction to Ambient (Note 14) 20 o /w
ON/OFF CONTROL Test Circuit Figure 1
ON /OFF Pin Logic Input 1.3 \Y
Via Threshold Voltage Low (Regulator ON) 0.6 V(max)
Vi High (Regulator OFF) 2.0 V(min)

http://www.national.com
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0000000000000 VO 12VO0 12V 00000000 VO 24V 00001 gap0 200mA 00 O

000000000000 (ogoo)

Symbol Parameter Conditions LM2595-XX Units

Typ Limit | (Limits)
(Note 3) (Note 4)

ON/OFF CONTROL Test Circuit Figure 1

Iy ON/OFF Pin Viogic D 2.5V (Regulator OFF) 5 HA
Input Current 15 M A(max)
IL VLOGICD 0.5V (Regulator ON) 0.02 IJA
5 M A(max)
Note1: O00000O0000ICO0OO00O0OO0OOOOOOOOOOOOO0OOOOOCOOOOOOICOOOOO0OO0O0000OOOOO0MOO0000
00000000oc0O00O000O0000000000000000000000000B00
Note2: ESDOOOOO0OOODOOO 100pFO000OO0OOODOISKOOODOOOOOODOOOO
Note3: O0000025000000000000000DO
Note4: 000000000 (0000 )OODODODOOODOOODOOOOOOMO (0D )000000000000D000000D00 100000000000
000000000000000000000000 (SQC) D00oobooobooooobboooooooooooooooooomoonoo
g0ooooooaoQuyboooooooooo
Note 5: 00000000000 O0OO0O00OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0000O00DOOO0O0OO0O00O000000
LM25950 Figure 1 00000 0000000 0000000000000 O000O00O0O0O00O000O00000O0OO0O0O00O00000000
Note 6: OO000O0OO0O0O0OO002000000000000000000000O0000O00O0O0000O0O0O0O0OOOOOGDO0OO
Note7: 0 000000000000O0CCOOO00O0OOOOOOOOOOOOD
Note 8: [ 00000000000000C0O0000C0000O000OOOOO0O0O oOVvOOOOOOO
Note 9: [ 0000000000 00000OODOOODODDOOO0OOOOOOOO0O /33v/sVvO0000000 12v012v 00000000 15vOoO0O0ooooo
Note 10: VO 40V
Note 11: TO-220 000000 100000 (0035 mO0000000000000000000000000000 -000000 (000O0O0000)HO
Note 12: TO-263 000000 0500000 (00 35%m O00000000000000000O00O0000O0O00O0O0O0O0O000O0O -0000000
Note 13: TO-263 000000 2500000 (00 3um 00000000000 0O00OO0O0O0O00O00OO0O0O000O00O00O0O0 -0000000
Note 14: TO-263 000000 LM2595S 00O 300000 (00 3% mI00000000000O0 le0000000O0OODOOOOOOODOOOOO
gobooooo0o00b00000 -0000000 0000000000CO0DOO00O0O0OBoO IZISwitchersMadeSimpIe®Ver4‘3D 0oooo
goooooooooooo
O0000000 Figue10O00O)
Normalized Line Regulation Efficiency
Output Voltage
1.5 0.4 T T 95
Viy = 20V Vout = SV 1A Load 20v
¥ g loap = 1A ® 03 lLoap = 100mA
w Ncr{na!l;dsoaé w02 T, = 25°C 90 T2y ~——
3 o0s 7 = =
= T 0.1 B
o (=] 85
g 0 -~ e o O o 5V L
— - o] T —
2 S -0.1 S gl L L L T~
> -05 > = 5.3 A | T
2 5 -02 = / ~—]|
30 3 -03 7
-1.5 -0.4
-50 =25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40 70
0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)

INPUT VOLTAGE (V)
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Switch Saturation

Voltage
1.2
RN
>
w10 /////
= Ty = -40°C_~~
= 09 e
> /
Z o8 i
=
Y. /25%//
g L 1250¢
v / |
08— ‘
05

00 02 04 06 08 1.0
SWITCH CURRENT (A)

Operating
Quiescent Current
24

4.5V <V < 40V
20 lswircn = 0

SWITCH ON I~~~

SWITCH OFF

SUPPLY CURRENT (mA)
Ny

0
-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)

ON /OFF Threshold
Voltage
2.5
= 20
o OFF
= s — 4
Z \\
3 10 '
z Y
= ON
T 05
0

-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

00000000 FEegue1 000 ) (O0OO)

Switch Current Limit

22 L

2.0

b

SWITCH CURRENT LIMIT (A)

-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Shutdown
Quiescent Current
120 ‘

VoN/oFF = 5V
100

Il
80

F T, = -40°C AND 125°C
60

CURRENT (uA)

40

20

0 10 20 30 40
SUPPLY VOLTAGE (V)

ON /OFF Pin
Current (Sinking)

-40°C = T; < 125°C

o .

7

CURRENT (uA)
oo

0 5 10 15 20 25
ON/OFF PIN VOLTAGE (V)

Dropout Voltage

13
= Vour = Vreg - 50mV
< 12 L= 68 uH
= - Ryp = 0.060
=N —
=
E T
[ [~
a — loap = 0.5A
= 09 N — A
> < ~
3 os ~ =~
T N 0.1A
z 07 M~y

0.6 ™~

-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Minimum Operating

Supply Voltage
5
Y .
= \\
w I
2 3
i
o
>
> 2
a
o
=
v
Vour = 1.23V
loap = 120 mA
0

-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Switching Frequency

160

155

150 —

145 | A
/

140

FREQUENCY (kHz)

135

130
-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
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Feedback Pin
Bias Current
10

7.5

5.0 // \

ADJUSTABLE VERSION ONLY \
2.5 \
0 \

-2.5

FEEDBACK BIAS CURRENT (nA)

-5.0
-50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)

Continuous Mode Switching Waveforms
VinO 20V, Vour O 5V, I oap O 1A
LO 68uH, Coyr O 120p F, Coytr ESRO 100 mQ

20V
A 10v
ov
1A

B4 05A

0A
50 mV

C AC/
div.

A: Output Pin Voltage, 10V/div.
B: Inductor Current 0.5A/div.
C: Output Ripple Voltage, 50 mV/div.

—N—

Horizontal Time Base: 2y s/div.

Load Transient Response for Continuous Mode
le O 20V, VOUT O 5V, ILOAD 0O 250 mA to 750 mA
LO 68uH, Coyr O 120p F, Coytr ESRO 100 mQ

100 mV
A AC/
div.

f

1A

B 0.5A
0A

A: Output Voltage, 100 mV/div. (AC)
B: 250 mA to 750 mA Load Pulse

Horizontal Time Base: 100 s/div.

Discontinuous Mode Switching Waveforms
VlN 0 20V, VOUT O 5v, ILOAD 0O 600 mA
LO 22|J H, COUT O 220“ F, COUT ESR O 50 mQ

20V
A 10V
ov
1A
B4 05A
OA

50 mV
C AC/
div.

A: Output Pin Voltage, 10V/div.
B: Inductor Current 0.5A/div.
C: Output Ripple Voltage, 50 mV/div..

Horizontal Time Base: 2 s/div.

Load Transient Response for Discontinuous Mode
VIN 0 20v, VOUT O 5v, ILOAD 0 250 mA to 750 mA
LO 22pu H, Coyr O 220p F, Coyt ESR O 50 mQ

100 mV
A AC/
div.

1A

B 0.5A
0A

A: Output Voltage, 100 mV/div. (AC)
B: 250 mA to 750 mA Load Pulse

Horizontal Time Base: 200 s/div.
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Fixed Output Voltage Versions

KEEP FEEDBACK WIRING AWAY
<" FROM INDUCTOR FLUX

4 | FEEDBACK

REGULATED QUTPUT

*VIN LM2595 |output

FIXED OUTPUT

UNREGULATED N
DC INPUT Cy 3 GND 5 J ON/OFF

+
S S
HEAVY LINES MUST BE KEPT SHORT AND USE

GROUND PLANE CONSTRUCTION FOR BEST RESULTS

LOW ESR
SHORT LEADS

OPTIONAL POST RIPPLE FILTER
Cin— 120p F, 50V, Aluminum Electrolytic Nichicon “ PL Series”

Cout— 120p F, 25V Aluminum Electrolytic, Nichicon “ PL Series”
D1 — 3A, 40V Schottky Rectifier, IN5822
L1— 100p H, L29

Adjustable Output Voltage Versions

&
FF
11 LOCATE THE PROGRAMMING RESISTORS NEAR
1 THE FEEDBACK PIN USING SHORT LEADS
R1 R2
MA—— WY,
1x KEEP FEEDBACK WIRING AWAY
4 | FEEDBACK <—"" FROM INDUCTOR FLUX
+Viy LM2595 QUTPUT REGULATED OUTPUT
+
T 7| ApsusTasLe

1
unreouiateo o /TND slww

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

R
Vout = Vrer (1 + R-f) 72721 VRer = 1.23V

R, = R (VOUT_ ) RLIRILL Q 2 24T,
27"\ Vaer VLR 5 b AR R,

Ciny— 120p F, 50V, Aluminum Electrolytic Nichicon “ PL Series”
Cout— 120y F, 25V Aluminum Electrolytic, Nichicon “ PL Series”
D1 — 3A, 40V Schottky Rectifier, IN5822

L1— 100u H, L29

Ri— 1kQ, 10

Cgr — See Application Information Section

FIGURE 1. Standard Test Circuits and Layout Guides
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LM2595 0000000 000000000000 0O0OO (00000000000 )(ooo)

Conditions Inductor Output Capacitor
Through Hole Electrolytic | Surface Mount Tantalum
Output Load Max Input | Inductance | Inductor | Panasonic Nichicon AVX TPS Sprague
Voltage | Current | Voltage @ H) (#) HFQ Series | PL Series Series 595D Series
V) (A) V) @ F/V) @ F/NV) @F/NV) @ F/V)
5 22 L24 330/16 330/16 220/10 330/10
7 33 L23 270725 270725 220/10 270/10
! 10 47 L31 220725 220/35 220/10 220/10
3.3 40 68 L30 180/35 220/35 220/10 180/10
6 47 L13 220725 220/16 220/10 220/10
0.5 10 68 L21 150/35 150/25 100/16 150/16
40 100 L20 150/35 82/35 100/16 100720
8 33 L28 330/16 330/16 220/10 270/10
10 47 L31 220/25 220725 220/10 220/10
! 15 68 L30 180/35 180/35 220/10 150/16
5 40 100 L29 180/35 120/35 100/16 120/16
9 68 L21 180/16 180/16 220/10 150/16
0.5 20 150 L19 120/25 1200/25 100/16 100/20
40 150 L19 100/25 100/25 68/20 68/25
15 47 L31 220/25 220725 68/20 120720
1 18 68 L30 180/35 120/25 68/20 120720
30 150 L36 82/25 82/25 68/20 100720
12 40 220 L35 82/25 82/25 68/20 68/25
15 68 L21 180725 180/25 68/20 120720
0.5 20 150 L19 82/25 82/25 68/20 100/20
40 330 L26 56/25 56/25 68/20 68/25

FIGURE 2. LM2595 Fixed Voltage Quick Design Component Selection Table
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Output Through Hole Electrolytic Output Capacitor Surface Mount Tantalum Output Capacitor
Voltage Panasonic Nichicon PL Feedforward AVX TPS Sprague Feedforward
V) HFQ Series Series Capacitor Series 595D Series Capacitor
@F/N) @FN) @FN) @F/NV)
1.2 330/50 330/50 0 330/6.3 330/6.3 0
220/25 220/25 4.7 nF 220/10 220/10 4.7 nF
220725 220/25 3.3nF 220/10 220/10 3.3nF
180/25 180/25 1.5 nF 100/16 180/16 1.5 nF
12 120725 120725 1.5 nF 68/20 120/20 1.5 nF
15 120725 120725 1.5 nF 68/20 100/20 1.5 nF
24 82/35 82/35 1 nF 33/25 33/35 220 pF
28 82/50 82/50 1 nF 10/35 33/35 220 pF

MAXIMUM INPUT VOLTAGE (V)

MAXIMUM INPUT VOLTAGE (V)

FIGURE 3. Output Capacitor and Feedforward Capacitor Selection Table
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Inductance Current Renco Pulse Engineering Coilcraft
@ H) (A) Through Hole |Surface Mount| Through |Surface Mount| Surface Mount
Hole
L4 68 0.32 RL-1284-68-43 RL1500-68 PE-53804 PE-53804-S DO1608-68
L5 47 0.37 RL-1284-47-43 RL1500-47 PE-53805 PE-53805-S DO1608-473
L6 33 0.44 RL-1284-33-43 RL1500-33 PE-53806 PE-53806-S DO1608-333
L9 220 0.32 RL-5470-3 RL1500-220 PE-53809 PE-53809-S DO03308-224
L10 150 0.39 RL-5470-4 RL1500-150 PE-53810 PE-53810-S DO3308-154
L11 100 0.48 RL-5470-5 RL1500-100 PE-53811 PE-53811-S DO03308-104
L12 68 0.58 RL-5470-6 RL1500-68 PE-53812 PE-53812-S DO03308-683
L13 47 0.70 RL-5470-7 RL1500-47 PE-53813 PE-53813-S DO3308-473
L14 33 0.83 RL-1284-33-43 RL1500-33 PE-53814 PE-53814-S DO03308-333
L15 22 0.99 RL-1284-22-43 RL1500-22 PE-53815 PE-53815-S DO03308-223
Li6 15 1.24 RL-1284-15-43 RL1500-15 PE-53816 PE-53816-S DO0O3308-153
L17 330 0.42 RL-5471-1 RL1500-330 PE-53817 PE-53817-S DO03316-334
L18 220 0.55 RL-5471-2 RL1500-220 PE-53818 PE-53818-S DO3316-224
L19 150 0.66 RL-5471-3 RL1500-150 PE-53819 PE-53819-S DO3316-154
L20 100 0.82 RL-5471-4 RL1500-100 PE-53820 PE-53820-S DO03316-104
L21 68 0.99 RL-5471-5 RL1500-68 PE-53821 PE-53821-S DO03316-683
L22 47 1.17 RL-5471-6 - PE-53822 PE-53822-S DO3316-473
L23 33 1.40 RL-5471-7 — PE-53823 PE-53823-S DO03316-333
L24 22 1.70 RL-1283-22-43 - PE-53824 PE-53824-S DO0O3316-223
L26 330 0.80 RL-5471-1 - PE-53826 PE-53826-S DO5022P-334
L27 220 1.00 RL-5471-2 - PE-53827 PE-53827-S DO5022P-224
L28 150 1.20 RL-5471-3 - PE-53828 PE-53828-S DO5022P-154
L29 100 1.47 RL-5471-4 — PE-53829 PE-53829-S DO5022P-104
L30 68 1.78 RL-5471-5 — PE-53830 PE-53830-S DO05022P-683
L35 47 2.15 RL-5473-1 - PE-53935 PE-53935-S -
FIGURE 8. Inductor Manufacturers Part Numbers
Coilcraft Inc. Phone (800) 322-2645
FAX (708) 639-1469
Coilcraft Inc., Europe Phone O 111236 730 595
FAX O 44 1236 730 627
Pulse Engineering Inc. Phone (619) 674-8100
FAX (619) 674-8262
Pulse Engineering Inc., Phone 0 3539324 107
Europe FAX 0 3539324 459
Renco Electronics Inc. Phone (800) 645-5828
FAX (516) 586-5562

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 1A Diodes 3A 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
SK12 All of IN5817 All of All of IN5820 All of
20V these SR102 these SK32 these SR302 these
diodes diodes diodes MBR320 diodes
SK13 are IN5818 are are IN5821 are
30V [MBRS130 rated to SR103 rated to SK33 rated to MBR330 rated to
at least 11DQO03 at least at least 31DQO3 at least
SK14 50V. 50V. 50V. IN5822 50V.
40V |MBRS140 IN5819 SK34 SR304
10BQO40 SR104 MBRS340 MBR340
10MQ040 MURS120 |11DQO4 MURI120 30WQO04 MURS320 |31DQ04 MUR320
50V |MBRS160 10BF10 SR105 SK35 30WF10 SR305 30WF10
or 10BQO50 MBR150 MBR360 MBR350
More | 10MQO060 11DQO05 30WQO05 31DQO05

FIGURE 11. Diode Selection Table
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