s ‘.Ij c‘.s S5ULM2596

Simple Switcher Power Converter

Elektronische Bauelemente 150KHz 3A Step-Down Voltage Regulator

Description

The S5ULM2596 series of regulators are monolithic integrated 5 —
circuits that provide all active functions for a step-down (buck) 9 TO-263-5L e
switching regulator, capable of driving 3A load with excellent line R | A
and load regulation. These devices are available in fixed output @
voltage of 3.3V,5V,12V and an adjustable output version.Requiring
a min. rumber of external components, these regulators are simple o
to use and include internal frequency components and a fixed-
frequency oscillator. The SSULM2596 series operates at a switching
frequency of 150KHz thus allowing smaller sized filter components N i J{
than what would be needed with lower frequency switching requlators. -
Available in a standard 5-lead TO-263 package with several different E f?
lead bend options. A standard series if inductors are available from B T Bl L
several differnet manufactures optimized for use with the SS5ULM2596 O~
series.The feature greatly simplifies the design of switching-mode

power supplies. Other feature include a guaranteed +4% to tolerance

on output voltage within specified input voltages and output load REF. Millimeter |ger Millimeter
condition, and +15% on the oscillator frequency. External shutdown | Min. _|Max. ~_|[Min. _|Max.
is included, featuring 80uA(Typ.) standby current. The output switch A 1440 |480 |c2 |125 |145
includes cycle-by-cycle current limiting, as well as thermal shutdown b 0.66 10.91 L2 1.27 REF.
for full protection under fault condition. L4 1000 |0.30 D 86 9.0

c 0.36 0.5 e 1.70 REF.
L1 229 |2.79 L 14.6 [15.8
Featu res E 9.80 |10.4 0 0 8
* High Efficiency
* |nput Voltage Range Up To 40V Marking : _
* 150KHz Fixed Frequency Oscillator Pin: |
. . 1Vin  4Feedback ®
* 3.3V,5V,12V and Adjustable Output Versions Zvout
. . ) 3:Gnd 5:ON/OFF LM25960T || —
Uses Readily Available Standard Inductors Date Code «~—| 0 vz
| &

* TTL Shutdown Capability, Low Power Standby Mode
* Thermal Shutdown And Current Limit Protection ‘
* Guaranteed 3A Output Current 12

|

T 12V =12
HHH ADJ: Blank
345

* Efficient Per-regulator For Linear Regulators
* Requires Only 4 Extermal Components

* Adjustable Version Output Voltage Range,
1.2V to 37V 4% Max. Over Line And Load Conditions

Applications

* Positive To Negative Converter
* Simple High-Effciency Step-Down (Buck) Regulator

*
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SCCOS

Elektronische Bauelemente

SSULM2596

Simple Switcher Power Converter

150KHz 3A Step-Down Voltage Regulator

Typical Application (Fixed Output Voltage Version)

12V
Unregulated

DC Input FVIN

1

+ Cin

: ‘ :680 [

Block Diagram

Feedback
T F3V regulated output
| S5ULM2596-5.0 L1 3A load
I(Julpu} Y Y Y\ ® i
2 331 H
T —T— DI —1* Coul
[ aND s[oNOrFZN 1N5824

FEEDBACKH

3.3V,R2=4.2k

OUTPUT

5V,R2=7.6k
12V,R2=21.8k 1 GND
ADJ,R2=000
R1=0PEN
Pin Function
Pin Name PIN# FUNCTION
This is the positive input supply for the IC switching regulator. A suitable input bypass capacitor
+VIN 1 must be present at this pin to minimize voltage transients and to supply the switching current
needed by regulator.
Internal switch. The voltage at this pin switches between (+VIN — VsaT) and approximately -0.5V,
Output 2 with a duty cycle of approximately VouT/VIN. To minimize coupling to sensitive circuit, the PC board
copper area connected to this pin should be keep to a minimum.
Ground Circuit ground
Feedback Senses the regulated output voltage to complete the feedback loop
Allows the switching regulator circuit to be shutdown using logic level signals thus dropping the
— total input supply current to approximately 80 uA. Pulling this pin below a threshold voltage of
ON/OFF 5 approximately 1.3V turns the regulator on, and pulling this pin above 1.3V (up to a maximum of
25V) shuts the regulator down. If this shutdown feature is not needed, ON/OFF pin can be wired to
the ground pin or it can be left open, in either case the regulator will be in the ON condition.
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SCCOS

Elektronisch

e Bauelemente

SSULM2596

Simple Switcher Power Converter

150KHz 3A Step-Down Voltage Regulator

Absolute Maximum Ratings (Notet)

Parameter Ratings Unit
Maximum Supply Voltage 45 Vv
ON/OFF pin input Voltage -0.3sV =+25 \Y
Feedback pin Voltage -0.3sV =+25 Vv
Output Voltage to ground (steady state) -1 V
Power dissipation Internally Limited
Storage Temperature -65 ~ +150 C
Maximum junction temperature +150 C
Minimum ESD rating (C=100pF, R=1.5kQ) 2K Vv
Lead temperature (soldering, 10seconds) +260 C
Operating Ratings

Parameter Ratings Unit
Temperature range 40 TJ<+125 T
Supply Voltage 4.5~ 40 Vv

S5ULM2596-3.3 Electrical Characteristics

Specifications with standard ty

pe face are for Ty=25 “C, and those with boldface typ

e apply over full operating temperature range

Min Typ Max

Parameter Symbol Conditions (Noted) (Note3) (Noted) Unit
System Parameters (Note5) Test Circuit Figure 2
4.75V < VIN =40V
Output Voltage VouTt 0.2A< ILOAD <3A 3.168/3.135 | 3.3 | 3.432/3.465| V
Efficiency n VIN=12V, ILOAD=3A 73 Y%

Specifications with standard ty

S5ULM2596-5.0 Electrical Characteristics

pe face are for Ty=25 “C, and those with boldface typ

e apply over full operating temperature range

Min Typ Max

Parameter Symbol Conditions (Noted) (Note3) (Noted) Unit
System Parameters (Note5) Test Circuit Figure 2
7V < VIN =40V
Output Voltage VouTt 0.2A< ILOAD <3A 4.80/4.75 5.0 5.20/5.25 \Y
Efficiency n VIN=12V, ILOAD=3A 80 Y%

Specifications with standard ty,

S5ULM2596-12 Electrical Characteristics

pe face are for Ty=25 “C, and those with boldface typ

e apply over full operating temperature range

Min Typ Max

Parameter Symbol Conditions (Noted) (Note3) (Noted) Unit
System Parameters (Note5) Test Circuit Figure 2
15V < VIN =40V
Output Voltage Vourt 0.2A< [LOAD <3A 11.52/11.40 12 12.48/12.60 | V
Efficiency n VIN=15V, ILOAD=3A 90 Y%

S5ULM2596 Electri

Specifications with standard ty,

cal Characteristics
pe face are for Ty=25 “C, and those with boldface typ

e apply over full operating temperature range

Min Typ Max

Parameter Symbol Conditions (Noted) (Note3) (Noted) Unit
System Parameters (Note5) Test Circuit Figure 2
4.5< VIN <40V, 0.2A< ILOAD <3A
Output Voltage VouTt VouT=3V, Circuit of Figure 2 1.193/1.180 | 1.230 | 1.267/1.280 | V
Efficiency n [VIN=12V, ILOAD=3A, VouT=3V 77 Y%
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s ‘_I; l:‘.s SSULM2596

Simple Switcher Power Converter

Elektronische Bauelemente 150KHz 3A Step-Down Voltage Regulator

All Output Voltage Version Electrical Characteristics
Specifications with standard type face are for Ty=25 °C, and those with boldface type apply over full operating temperature range.
Unless otherwise specified, VIN=12V for the 3.3V, 5.0V and Adjustable versions, VIN=24V for 12V version. ILOAD=0.5A

. Min Typ Max ;
Parameter Symbol Conditions (Noted) (Note3) (Noted) Unit
Feedback bias current Ib VFB=1.3V (adjustable version only) - 10 50/00 nA
Oscillator frequency fo  |(Note 6) 127/110 150 173/173 kHz
Saturation voltage VSAT |ILOAD=3A (Note 7, 8) - 1.16 1.4/1.5 Y
Maximum duty cycle (ON) (Note 8) 100 o
yey (OFF) DC (Note 9) - 0 - Yo
Current limit IcL |Peak Current (Note 7, 8) 3.6/3.4 4.5 6.9/7.5 A
Output=0V(Note 7, 9) - - 50 uA
Output leakage current IL
P g Output=-1V (Note 10) - 2 30 mA
Quiescent current Ia |(Note9) - 5 10 mA
Standby quiescent IsTBY |ON/OFF pin=5V (OFF)(Note 10) : 80 | 200250 | uA
- | Resist 8ic  |Junction to Case - 2 - CIW
ermal nesistance B81A [Junction to Ambient (Note 11) - 50 -
ON/OFF Control Test Circuit Figure 2
ON/OFF pin logic input - 1.3 -
Threshold Voltage VIH |Low (Regulator ON) - 0.6 \
ViL  [High (Regulator OFF) 2.0 - -
ON/OFF pin input IH  |Vioaic=2.5V ( Regulator OFF) - S 15 UA
current IL_ |Viogic=0.5V ( Regulator ON) - 0.02

Note 1: Absolute Maximum Rating indicate limits beyond which damage to the device may occur. Operating Rating indicate conditions for
which the device is intended to be functional, but do not guaranteed specific performance limits. For guaranteed specifications and
test conditions, see the Electrical Characteristics.

Note 2: The human body mode is a 100pF capacitor discharged through a 1.5kQ resistor into each pin.

Note 3: Typical number are at 25°C and represent the most likely norm.

Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature
limits are 100% production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical
Quality Control (SQC) method. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Note 5: External component such as the catch diode, inductor, input and output capacitors, and voltage programming resistor can affect
switching regulator system performance. When the G5ELM2596 is used as shutdown in the Figure 1 test circuit, system
performance will be as shown in system parameters section of Electrical Characteristics.

Note 6: The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is determined by the
severity of current over-load.

Note 7: No diode, inductor or capacitor connected to output pin.

Note 8: Feedback pin removed from output and connected to 0V to force the output transistor switch ON.

Note 9: Feedback pin removed from output and connected to 12V for the Adjustable, 3.3V and 5V versions, and 15V for the 12V version,
to force the output transistor switch OFF.

Note 10: VIN=40V.

Note 11: Junction to ambient thermal resistance (no external heat sink) for To-220 package mounted vertically, with the leads soldered to a
printed circuit board with (1 0z.) copper area of approximately 1 in.
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SCCOS S5ULM259%
o (]
) Simple Switcher Power Converter
Elektronische Bauelemente 150KHz 3A Step-Down Voltage Regulator
Typical Performance Characteristics (circuit of Figure 2)
S L6 V,=20V £ 0.4 Vo, =5V
W o4 how=3A _ w 0.3 1 ,oo=100A
= Normalized at = 0.2 T~=25°C
£ 05 T=25C =
o Y S 0.1
& - S 0
g 0 —— = 01
S -0.5 e
N = -0.2
= =
z -1.0 & -0.3
l—
3 3 -0.4
-50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
Normalized Output Voltage Line Regulator
95 | | g = 1.4 T 1
_ |saload |20V =13 Yn=12V
S ! & 1.2
= 12V -
> 85 = 44| 1=-40°C
: S
S 80 2 1.0
m 5V Cpo9 7
w75 Z
x 0.8 /
70 3.3v/] %0.7 2503//0
65 r 0.6 125¢
0 5 10 15 20 25 30 35 40 0 1 2 3 4
INPUT VOLTAGE (V) SWITCH CURRENT (A)
Efficiency Switch Saturation Voltage
T T = 1.6 T
=3 5.5 V, =12V z— L=33yH
= VOUT:5V |<:: 1.4 I:!||~m=0-04'9
=5.0 g Vo= Veee-50mV
- o
- L
=z 1.2
w = lLoap=3A
& 4.5 =
T % 1.0 d"-=.._,___‘
4.0 e L= 1A~
= 50.8 h"-<
= a
?35 Z0.6
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) JUNGCTION TEMPERATURE (°C)
Switch Current Limit Dropout Voltage
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SCCOS

Elektronische Bauelemente

SSULM2596

Simple Switcher Power Converter

150KHz 3A Step-Down Voltage Regulator

24 T T T
= \I\ 4.5V<V, <40V
20 [ =0 -
é SWITCH
= \
Z 16 S~
= Switch ON
512
O
> 8
o Switch OFF
2 4
w
0

-50 -25 0 25 50 75 100125
JUNCTION TEMPERATURE (°C)

Operating Quiescent Current

4"‘\

1

"V, =1.23V
0 | Law=120mA

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

SUPPLY VOLTAGE (V)
N

Minimum Operating Supply Voltage

8 3
7 V|N=4OV_
5 -40°C<T <125°C
< 5
=
= 4
=
E 3
o 2
(@]
1
0
0 5 10 15 20 25

ON/OF PIN VOLTAGE (V)
ON/OFF Pin Current (Sinking)

http://www.SeCoSGmbH.com/

120 -
100 V(ﬁ{fOFF:5V
—
I T,=25"C =]
5. ’ fasauest=™
= 80 %‘ﬁ'
-
5 g0 17 =40'C AND 125°C
5
O 40
20
0
0] 10 20 30 40
SUPPLY VOLTAGE (V)
Shutdown Quiescent Current
2.5
=
w?2.0
g OAFF
515
9 1 \\
% ON
Wo.5
T
'_
-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)
ON/OFF Threshold Voltage
160
1565
= 150 — e
>
S 1454 AN
o /
o 140
L
[y
%135
130

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

Switching Frequency
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SCCOS

Elektronische Bauelemente

SSULM2596

Simple Switcher Power Converter

150KHz 3A Step-Down Voltage Regulator

10

——
.’/

5.0 \
05 ADJUSTABLE VERSION ONLY \\

0

-2.5

-5.0
-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Feedback Pin Bi

V|N=20V, VOUT=5V5 ILOAD=500mA
L=10pH, Coyr=330pF, CoyTESR=45mQ
—— T

o LT T[]

B § 0.5A A A
o \

100mV
C AC/ A
div /\J\
A: Output Pin Voltage, 10V/div

B: Inductor Current 1A/div
C: Output Ripple Voltage, 100mV/div

Horizontal Time Base: 2us
Discontinuous Mode Switching Waveforms

V|N:20V, VOUTZSV, ILOAD=500mA to 2A
L=10uH, Coyr=330yF, CourESR=45mQ

100mv
A AC
div
[ N

FEEDBACK BIAS CURRENT (nA)

2A

B 1A
0A

A: Output Voltage, 100mV/div. (AC)
B: 500mA to 2A Load Pulse

Horizontal Time Base: 200us
Load Transient Response

for Discontinuous Mode
h tp:/mww.SeCoSGmbH.com/

ViN=20V, Vour=5V, I 0aD=2A
L=32uH, Coyr=220uF, CourESR=50mO

20V [ == —_—
A 10V
Qv el | e——
2A A A
/T [N | NV
B§ 1A
0A
e %
div A\\J'} /l‘

A: Output Pin Voltage, 10V/div
B: Inductor Current 1A/div
C: Output Ripple Voltage,50mV/div

Horizontal Time Base: 2us
Continuous Mode Switching Waveforms

V|N=20V, VOUT=5V! |LQAD=500mA to 2A
L=32uH, Coyr=220pF, CourESR=50mQ

100mV
Ag¢ AC
div F
2A | te——t——
B 1A
0A

A: Output Voltage, 100mV/div.(AC)
B: 500mA to 2A Load Pulse

Horizontal Time Base: 100us
Load Transient Response
for Continuous Mode
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s ‘_I; C‘.s SSULM2596

) Simple Switcher Power Converter
Elektronische Bauelemente P
150KHz 3A Step-Down Voltage Regulator

Test Circuit and layout Guidelines

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance generate voltage
transients which can cause problems. For minimal inductance and ground loops, the wires indicated by heavy lines should be wide
printed circuit traces and should be kept as short as possible. For best results, external components should be located as close to the
switcher IC as possible using ground plane construction or single point grounding.

If open core inductors are used, special care must be taken as to the location and positioning of this type of inductor. Allowing the
inductor flux to intersect sensitive feedback, IC groundpath and CouTt wiring can cause problems. When using the Adjustable version,
special care must be taken as to the location of the feedback resistors and the associated wiring. Physically locate both resistors near the
IC, and route the wiring away from the inductor, especially an open core type of inductor.

Fixed Output Voltage Versions

KEEP FEEDBACK WIRING AWAY
4| Feedback ROM INDUCTOR FLUX
+ +V|N S5ELM2596
Output Regulated Output

FIXED OUTPUT

[ 1
Unregulated 1 i
DC I ' I
1 1
] :
HEAVY LINES MUST BE KEPT SHORT AND USE 1 E
GROUND PLANE CONSTRUCTION FOR BEST RESULTS E '
Cin-- 470uF, 50V, Aluminum Electrolytic I LOW ESR :
Cout-- 220uF, 25V Aluminum Electrolytic 1 SHORT LEADS 1
D1--5A, 40V Schottky Rectifer, IN5825 o !
L1-- 68uH OPTIONAL POST RIPPLE FILTER
Adjustable Output Voltage Versions
FF
— LOCATE THE PROGRAMMING RESISTORS NEAR
R1 THE FEEDBACK PIN USING SHORT LEADS
KEEP FEEDBACK WIRING AWAY
4| Feedback 4 FROM INDUCTOR FLUX
+V
+ INY  S5ELM2596
Output Regulated Output
ADJUSTABLE femmm = )
Unregulated 1 5[ 2
DC Irput ]' Cn
HEAVY LINES MUST BE KEPT SHORT AND USE
Vout=VREF*(1+R2/R1) GROUND PLANE CONSTRUCTION FOR BEST RESULTS
Where VREF=1.23V
R2=R1*(Vout/VREF-1)
Select R1 to be approximately 1kQ, use a 1% resistor for best stability.
Cin-- 470uF, 50V, Aluminum Electrolytic
Cout-- 220uF, 35V Aluminum Electrolytic
D1--5A, 40V Schottky Rectifer, IN5825
L1-- 68uH Figure 2 Standard Test Circuits and Layout
Guides
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