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Features

High current capability: 5A

Low-dropout voltage: 400mV

Low ground current

Accurate 1% guaranteed tolerance

Extremely fast transient response
Reverse-battery protection

Zero-current shutdown mode (5-pin versions)
Also characterized for smaller loads with industry-
leading performance specifications

Fixed voltage and adjustable versions

Applications

Battery powered equipment

High-efficiency “green” computer systems
Automotive electronics

High-efficiency linear power supplies
High-efficiency post-regulator for switching supply
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Preliminary — LD6365

Low-Dropout Voltage Regulators

General Description

The LD6365 are high current, high accuracy, low-dropout
voltage regulators. Using process with a PNP pass element,
these regulators feature 400mV (full load) dropout voltages and
very low ground current. These devices also find applications in
lower current, low dropout-critical systems, where their tiny
dropout voltage and ground current values are important
attributes.

The LD6365 are fully protected against over current faults,
reversed input polarity, and reversed lead insertion, over
temperature operation and negative transient voltage spikes.

On the LD6365-Adj the ENABLE pin may be tied to Vinif it is
not required for ON/OFF control. The LD6365 are available in 3-
pin (fixed version, 3.3V, 5V, others) and 5- pin (adjustable
version) TO-220 and surface mount TO-263 packages.

Ordering Information

123 12345
LD6365-XX LD6365-Ad]
T0263

12345
LD6365 xx LD6365-Ad]

3 Terminal Devices:
Pin 1 =Input, 2 =Ground, 3 =Output

5 Terminal Devices: (adjustable with ON/OFF Control)

Packing Options
Part No. Package Tube (TU) Tape & Reel (TR)
TO220-3 LD6365T3-TU LD6365T3-TR
TO220-5 LD6365T4-TU LD6365T4-TR
LD6365
TO263-3 LD6365T7-TU LD6365T7-TR
TO263-5 LD6365T9-TU LD6365T9-TR
] Package material default is “Green” package.

Product Marking

LD8888 <> Line 1 -"“LD” is a fixed character
SSSSS... 8888: product name
< Line 2 — SSSSS...: lot number

Pin 1 =Enable, 2 =Input, 3 =Ground, 4 =Output, 5 =Adjust/Flag
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Absolute Maximum Ratings

Preliminary — LD6365

Parameter Maximum Unit | The values beyond the boundaries of
Enable inout volt 20 Vv absolute maximum rating may cause the
nable Input voltage damage to the device. Functional operation
Supply voltage -20 to +20 V' | in this context is not implied. Continuous use
Operating junction temperature range -40 to +125 °C of the device at the absolute rating level
Storage temperature range -65 to +150 °c | might influence device reliability. All voltages
Lead Temperature (Soldering, 5 seconds) 260 °C have their reference to device ground.
Power dissipation Internally Limited

Electrical Characteristics

T, = 25°C, unless otherwise noted.

Parameter Symbol | Condition Min | Typ. | Max | Unit
lo=10mA -1 - 1
Output voltage Vour 5 %
10mA<Io<5A, (Voutt1V)ViN16V -2 - 2
Line regulation Rune l0=10mA, (Voutt1V)<Vn<16V - 0.06 | 0.5 %
Load regulation RLoap Vin=Vout+1V, 10mA<Ioyt<5A - 0.2 1 %
Output voltage temperature coefficient”’ AVout/AT |- - 20 100 | ppm/°C
AVour=2%, 10=250mA™® - | 125 | 250
Dropout voltage Vbo AVout=2%, l0=2.5A%8 - | 30| - mV
AVour=2%, lo=5A"28 - | 400 | 575
. ViN=Vour +1V, 10=2.5A - 15 -
Ground current lenp oo ° 8 mA
Vin=Vourt +1V, l0=5A - 70 -
Ground pin current at dropout lenDDO Vin= Vour- 0.5V, loyr=10mA - 2.1 — mA
Current limit lout gim) | ViN=VouT+1V, Vour=0v 4?8 - |75 | - A
ENABLE Input (LD6365-Adj)
, Low (OFF) ® - - | o8
Input logic voltage VEN - 5 \%
High (ON) 25 - -
VEN= VIN - 30 35
Enable pin input t | Ven=Viy il Il IS A
nable pin input curren
p p EN Ven=0.8V - - 5 u
Ven=0.8V 8 - - 4
Regulator output current shutdown™® Isp Ven<0.8V, V\<0.8V, Vour=0V @ - 10 | - HA
Flag Output (Error Comparator) LD6356B/LD6356D
Output leak t | Vor=16v - joor) 1 A
utput leakage curren .
p g FLG (leak) Vou=16V T ~ ~ > M
Device set for 5V. V|N=2.5V,lo =250pA - 220 | 300
Output low voltage VFLG (do) - =7 mV
Device set for 5V. V|N=2.5V,lg =250pA - - 400
Upper threshold voltage Device set for 5V, % of Vour - - 199.2
Lower threshold voltage Ve Device set for 5V, % of Vour 93 - - %
Hysteresis Device set for 5V, % of Vour - 1 -
Notes
1. Exceeding the ABSOLUTE MAXIMUM RATINGS may damage the device
2. The device is not guaranteed to function outside its OPERATING RATING.
3. Devices are ESD sensitive. The handling precautions are recommended.
4. Vpo=Vin-Vour when Vour decreases to 99% of its nominal output voltage with Vin= Vour + 1V. For output voltages below 2.5V, the dropout

voltage is the input-to-output voltage differential with the minimum input voltage being 2.5V. The minimum input operating voltage is 2.5V.

lenp is the quiescent current. Iiy= lgnp + lour-
VENS 08V, V|N§ 8V, and VOUT =0V.
For 1.8V device, Viy= 2.5V.

® NSO

Values are guaranteed across the operating temperature range..
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Preliminary — LD6365

Block Diagram

IN‘I' * + * Mt ouT
N v Y
A ,j—, I:LF\
FLAG™ 1.18V 1.25V
BN, |:|_ i —+ v
—|:l GND

*Feedback network in fixed versions only
**Adjustable version only

Typical Application Circuit

o o——o EN ouT
3.3V IN out | 2.5V |j l
47uF
o] IN ADJ a »
GND 47uF T GND 1.25V
‘g 1.0_u|=l
i 100KO
ENAELE
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ViN ® IN ouT VouT
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Application Information

ELECTRICAL CHARACTERISTICS

The LD6365 are high performance low-dropout voltage regulators
suitable for moderate-to-high current voltage regulator applications.
Their 500mV dropout voltage at a full load makes them especially
valuable in battery-powered systems and as high- efficiency noise
filter in post-regulator applications.

Unlike older NPN-pass transistor designs, where the minimum
dropout voltage is limited by the base-to-emitter voltage drop

and collector-to-emitter saturation voltage, the dropout

performance of the PNP output of these devices is limited only by
the low Vg saturation voltage.

A trade-off for the low dropout voltage is a varying base drive
requirement. The super- eta PNP process reduces this drive
requirement to only 2% to 5% of the load current.

The LD6365 regulators are fully protected from damage due to fault
conditions. The current limiting is provided. This limiting is linear; an
output current during the overload conditions is constant. The
thermal shutdown disables the device when the die temperature
exceeds the maximum safe operating temperature. The transient
protection allows the device (and load) to survive even when the
input voltage spikes above and below the nominal. The output
structure of these regulators allows voltages in excess of the
desired output voltage to be applied without the reverse current flow.

THERMAL DESIGN

The linear regulators are simple to use. The most complicated design
parameters to consider are thermal characteristics. The thermal
design requires four application-specific parameters:

Output current (lout)

Output voltage (Vour)

Input voltage (Vin)

Ground current (lgnp)

Calculate the regulator power dissipation using these parameters
and the device parameter values from this datasheet:

Po = (Vin- Vour)*lout + Vinlono

The heat sink thermal resistance is determined by:
T ey T.x
0, = ‘T O +0c5)

D
where Tymax= 125°C, Ta is the maximum ambient temperature, and
O¢s is between 0°C and 2°C/W.
The heat sink may be significantly reduced in applications where the
minimum input voltage is known and is large compared with the
dropout voltage. Use a series input resistor to drop excessive
voltage and distribute the heat between this resistor and the
regulator. The low dropout properties of super-Beta PNP regulators
allow significant reductions in regulator power dissipation and the
associated heat sink without compromising the performance. When
this technique is employed, a capacitor of at least 1.0uF is needed
directly between the input and regulator ground.

OUTPUT CAPACITOR

The LD6365 require an output capacitor to maintain stability and
improve transient response. Proper selection of the capacitor is
important to ensure proper operation. The selection of the
output capacitor is dependent upon an equivalent series
resistance (ESR) of the output capacitor to maintain the stability.
When the output capacitor is 47uF or greater, its ESR should be
less than1Q. This will improve the transient response as well as
promote the stability. The ultra-low ESR capacitors, such as
ceramic chip capacitors may promote instability. These very low
ESR levels may cause an oscillation and/or an under damped
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transient response. A low- ESR solid tantalum capacitor works
extremely well and provides a good transient response and the
stability over the temperature range. Aluminum electrolytic
capacitors can also be used, as long as the capacitor ESRis 1Q.
The output capacitor value can be increased without limit. Higher
capacitance values help improving the transient response, ripple
rejection, and reducing an output noise.

INPUT CAPACITOR

An input capacitor of 1uF or greater is recommended when the
device is more than about 10 cm away from the bulk and is used as
a supply capacitance, or when the power is battery-supplied. Small,
surface-mount, ceramic chip capacitors can be used for the
bypassing. Larger values will help improving the ripple rejection by
bypassing the input to the regulator, further improving the integrity of
the output voltage.

TRANSIENT RESPONSE AND 3.3V TO 2.5V AND 2.5V TO
1.8V CONVERSIONS

The LD6365 have an excellent transient response to variations in
the input voltage and load current. The device was designed to
respond quickly to load current variations and input voltage
variations. Large output capacitors are not required to obtain this
performance. A standard 47uF output capacitor, preferably tantalum,
is all that is required. Larger values help improving the performance
even further.

By virtue of its low-dropout voltage, this device does not saturate
in the dropout state as readily as similar NPN-based designs.
When converting 3.3V to 2.5V or 2.5V to 1.8V, the NPN-based
regulators are already operating in the dropout state, with typical
dropout requirements of 1.2V or greater. To convert down to 2.5V
without operating in the dropout, NPN-based regulators require an
input voltage of 3.7V at the very least.

The LD6365 regulators will provide an excellent performance with an
input as low as 3.0V or 2.5V. This gives the PNP-based regulators a
distinct advantage over older, NPN-based linear regulators

MINIMUM LOAD CURRENT

The LD6365 regulators are specified to operate in-betweens finite

loads. If the output current is too small, the leakage dominates and
the output voltage rises. A 10mA minimum load current is necessary

for proper regulation.

ERROR FLAG

The LD6365 version features an error flag circuit which monitors the
output voltage and signals an error condition when the voltage
drops 5% below the nominal output voltage. The error flag is an
open-collector output that can sink 10mA during a fault condition.

A low output voltage can be caused by a number of problems,
including an over current fault (the device is in the current limit state)
or low input voltage. The flag is inoperative during over temperature
shutdown.

When the error flag is not used, it is best to leave it open. The FLAG
pin can be tied directly to pin 4, the OUT pin.

ENABLE INPUT

The LD6365 versions feature an enable input for on/off control of the
device. Its shutdown state draws “zero” current (only microamperes
of leakage). The enable input is TTL/ICMOS compatible for simple
logic interface, but can be connected to up to 20V. When enabled, it
draws approximately 15pA.
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Package Outline
TO-220-3:

—_— |—
| ’
- / — Symbaols | Minimum | Normal | Maxzimum
—_— A 14.42 15.47 16.51
I B 9.63 10.15 10.67
< C 3.56 4.20 4.83
[&] D - 0.00 -
E 1,15 1.28 1.4
F 3.75 3.82 2.88
01. 2 3 1 G 2,29 2,54 2.79
= [ I I I H 2.54 2.99 3.43
—
vl Ly ] - 0.56 -
K w27 13.72 14.73
il I = L 2.8 3.44 4.07
I I M 2.03 2.48 2.92
1 1 M 5 31.24 5
I |l
|| I
p Il L
|6 l—= M
Unit: Millimeters —_ -—

TO-220-5:

f——t— e
¥ t P _T.LL Dimensions in Millimeters
W Qp A il Irvwe— pw— y—
HTL' ””” e ””” B A 407 445 4R
l + i b 0.76 0.89 1.02
5 - c 136 05 064
D 1422 14.86 155
E 9.78 10.16 10.54
3 157 171 185
el 6.68 6.81 6.93
F 1.14 127 14
Hl 346 6.16 6.86
n 229 274 318
L g 13.21 1397 14.73
gP 368 381 304
Q 254 213 29
— [ Ly
| J1 -»f
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Package Outline (Cont’)
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TO-263-3:
4.45+013
@ 10.0610.26 1-271011
¥ ol _— o |—
o a :
& 788063 o 2.56+0.16
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~ | 2! - o
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F| X O L @ ————— -]
o) et : ki
™| ! :
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W v
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o o
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B B o
TO-263-5:
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! e
|
|
. ! A
I
| -
|
& I
I . —
| [
T
1RDBIRORL 4o
NI BUNURL
ol e s I o e e
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Symbol Dimensions In Millimeters Dimensions In Inches
Y Min Max Min Max
A 4470 4670 0.176 0.184
Al 0.000 0.150 0.000 0006
B 1.560 1.760 0.051 0.069
b 0.710 0.910 0.028 0036
c 0.310 0.530 0.012 0021
cl 1.170 1.370 0.046 0054
D 9.880 10.180 0.339 0401
E 8.200 8.600 0.323 0339
[ 1.700TYP 0.087TYP
el 65700 65.900 0.264 0272
L 15,140 15.540 0.536 0612
L1 5.080 5.480 0.200 0216
L2 2340 2.740 0.092 0.108
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