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5V low drop fixed voltage regulator

iy
Kecd ¢ 0 RoHS

Qualified

Features

+ Output voltage tolerance = +2%

« Very low current consumption

+ Separated reset and watchdog output

+ Low-drop voltage

+ Watchdog

+ Adjustable watchdog activating threshold
+ Adjustable reset threshold

« Overtemperature protection

+ Reverse polarity protection

« Short-circuit proof

+ Suitable for use in automotive electronics
+  Wide temperature range

« Green Product (RoHS compliant)

Potential applications

General automotive applications.

Product validation
Qualified for automotive applications. Product validation according to AEC-Q100/101.

Description

The OPTIREG™ Linear TLE4278G is a monolithic integrated low-drop fixed output voltage regulator supplying
loads up to 200 mA. The IC is available in a PG-DS0-14 package. It is designed to supply microprocessor
systems under the severe conditions of automotive applications and therefore equipped with additional
protection functions against over- load, short circuit and overtemperature. The TLE4278 can also be used in
other applications where a stabilized voltage is required.

Type Package Marking
TLE4278G PG-DSO-14 TLE4278G
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Block diagram

1 Block diagram
VI L1 13 Q 3 *—& 9 {] VQ
Temperature >oe Protection 14 | RO
Sensor Circuit d .
Reset
»| Generator
Control 7]
A Amplifier (1RADJ
1 +
J """ &hwo
Bandgap L1 Watchdog 4;;6 D
Reference
I3-5, 10-12 2 8
G‘N'D WADJ VVI AEB02114

Figurel Block diagram
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Pin configuration

2 Pin configuration
WO ]1|O 14O RO
WADJ [T]2 13[ v,
GND ] 3 12[T1 GND
GND 1] 4 11 [ GND
GND 5 10 [0 GND
D []6 9[m Vo
RADJ [T]7 8 wi
AEP02113

Figure2  Pin configuration PG-DS0O-14 (top view)

Table 1 Pin definitions and functions

Pin Symbol |Function

1 WO Watchdog output; the open collector output is connected to the 5V output
via an integrated resistor of 30 kQ.

2 WADJ Watchdog adjust; an external resistor to GND determines the watchdog
activating threshold.

3,4,5,10,11,12 |GND Ground

6 D Reset delay; connect a capacitor to ground for delay time adjustment.

7 RADJ Reset switching threshold adjust; for setting the switching threshold,

connect a voltage divider from output to ground. If this input is connected to
ground, the reset is triggered at the internal threshold.

8 Wi Watchdog input; rising edge-triggered input for monitoring a
microcontroller.

9 Q 5V output voltage; block to ground with min. 10 uF capacitor, ESR<5 Q.

13 I Input voltage; block to ground directly on the IC with ceramic capacitor.

14 RO Reset output; the open collector outputis connected to the 5 V outputvia an

integrated resistor of 30 kQ.
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General product characteristics

3 General product characteristics

3.1 Absolute maximum ratings

Table 2 Absolute maximum ratings
T,=-40°C to 150°C

Parameter Symbol Values Unit | Note or Test Condition
Min. ‘ Typ. ‘ Max.

Input voltage |

Voltage v, -42 - 45 v -

Current I, - - - mA |Internally limited

Output voltage Q

Voltage Vq -1 - 25 Y -

Current Iy - - - mA |Internally limited

Reset output RO

Voltage Vro -0.3 - 25 v -

Current Iro -5 - 5 mA |-

Reset delay D

Voltage Vo -0.3 - 7 v -

Current Iy -2 - 2 mA |-

Reset switching threshold adjust RADJ

Voltage Vrapy -0.3 - 7 v -

Current Irapy - - - mA |Internally limited

Watchdog input Wi

Voltage Vi -0.3 - 7 v -

Current hi - - - mA |Internally limited

Watchdog output WO

Voltage Vo -0.3 - 25 v -

Current Two -5 - 5 mA |-

Watchdog adjust WADJ

Voltage Vivany -0.3 - 7 v -

Current lap, - - - mA | Internally limited

Ground GND

Current lenn ‘ -100 ‘ - ‘ 50 ‘ mA ‘ -

Temperatures

Junction temperature T, -50 - 150 °C -

Storage temperature st -50 - 150 °C -
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General product characteristics

Note: ESD protection according to MIL Std. 883: +2 kV.
Maximum ratings are absolute ratings; exceeding any one of these values may cause irreversible
damage to the integrated circuit.

3.2 Functional range

Table 3 Functional range

Parameter Symbol Values Unit | Note or Test Condition
Min. Typ. Max.

Input voltage v, 5.5 - 45 v -

Junction temperature T, -40 - 150 °C -

Note: In the functional range the functions given in the circuit description are fulfilled.

3.3 Thermal resistance

Table 4 Thermal resistance

Parameter Symbol Values Unit | Note or Test Condition
Min. Typ. Max.

Junction ambient Rinj-a - - 80 K/wW |V

Junction pin Rinj-pin - - 30 K/W | Measured to pin 4

1) Package mounted on PCB 80 x 80 x 1.5 mm?; 35 um Cu; 5 um Sn; Heat Sink Area 6 cm?; zero airflow.
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Functional description

4 Functional description

The TLE4278 is a monolithic integrated low-drop fixed output voltage regulator supplying loads up to 200 mA.

An input voltage V; in the range of 5.5V = V|, <45 Vis regulated to V ,,,, =5 V with an accuracy of +2%.

nom

The device operates in the wide temperature range of T, =-40°C to 150°C.

Two additional features are implemented in the TLE4278 a load dependent watchdog function as well as a
sophisticated reset function including power on reset, under voltage reset, adjustable reset delay time and
adjustable reset switching threshold.

The watchdog function monitors the microcontroller, including time base failures. In case of a missing rising
edge within a certain pulse repetition time the watchdog output is set to “low”. Programming of the max.
repetition time can be done easily by an external reset delay capacitor. To prevent a reset in case of missing
pulses, the watchdog output WO is separate from the reset output RO for the TLE4278. The watchdog output
can be used as an interrupt signal for the microcontroller. In any case it is possible to connect pin WO and pin
RO externally.

When the controller is set to sleep mode or low power mode its current consumption drops and no watchdog
pulses are created. In order to avoid unnecessary wake-up signals due to missing pulses at pin WI the
watchdog feature can be disabled as a function of the load current. The switch off threshold is set by an
external resistor to pin WADJ. The watchdog function can also be used as a timer, which periodically wakes up
the controller. Therefore the pin WADJ must be connected to the output Q.

The power on reset feature is necessary for a defined start of the microprocessor when switching on the
application. The reset signal at pin RO goes “high” after a certain delay timed t,; when the output voltage of
the regulator has surpassed the reset threshold. The delay time is set by the external delay capacitor. An under
voltage reset circuit supervises the output voltage. In case V,, falls below the reset threshold the reset output
is set to “low” after a short reset reaction time t,,. The reset “low” signal is generated down to an output
voltage V, of 1V.In addition the reset switching threshold can be adjusted by an external voltage divider. This
feature is useful with microprocessors which ensure a safe operation down to voltages below the internally
set reset threshold of 4.65 V typical.
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Functional description

4.1 Electrical characteristics

Table 5 Electrical characteristics
V,=13.5V;-40°C = T; = 125°C (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition
Min. Typ. Max.

Output voltage Vq 4,90 5.00 5.10 v 0 mA </, <150 mA;
6V<V,<28V

Output voltage Vq 4.8 5.0 5.2 v 1 mA</y<50 mA;
28V<V, <45V

Output current limiting lo 200 400 - mA |V,=4.8V

Current consumption lgo - 180 200 A |T;=25°C

lg=l-1g lg=0mA

Current consumption lgo - 210 230 HA  |Ig=0mA;

lg=l-1g T,=85°C

Current consumption lg,150 - 5 12 mA | /5=150 mA

lg=1-1g

Drop voltage v, - 0.25 0.5 Vv lo=150 mAY

Vor=Vi-Vq

Load regulation AVq 1o -30 -5 - mV  |/5=5t0 150 mA;
V=6V

Line regulation AV - 5 20 mV |V,=6t028YV;
lq=5mA

Reset generator

Reset threshold Vort 4.5 4.65 4.8 v RADJ connected to GND

Reset headroom AVy = 180 350 - mV | /p=10mA

(VQ,nom -
VQ,rt)

Reset adjust threshold VraDJ th 1.28 1.35 1.45 v Vez3.5V

Reset low voltage Vro,l - 0.20 0.40 v Rey = 10 kQ to Vy,
Vez1V

Reset high voltage Vron 4.5 - - v -

Reset pull-up Rro 20 30 45 kQ |Internal connected to V,

Charging current Ip . 2 5 8 pA  |[Vp=1.0V

Upper timing threshold Vou 1.5 1.9 2.3 v -

Lower reset timing Vort 0.2 0.3 0.4 \ -

threshold

Delay time tq 12 20 28 ms |C,=47nF

Reset reaction time t, 0.4 1.0 2.0 us Cp=47nF
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Functional description

Table 5

Electrical characteristics (cont’d)

V,=13.5V;-40°C = T; = 125°C (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition
Min. ‘Typ. ‘ Max.
Watchdog
Activating threshold Vivany.th 1.28 1.35 1.45 v Voltage at WADJ
Current ratio lo/Twaps 650 720 800 - lo=10 mA
Slew rate dv,,,/dt 5 - - V/us |From 20% up to
80% Vj,
Watchdog low voltage Vivor - 0.2 0.4 v Rey > 10 kQ to V,
Watchdog high voltage Vivon 45 - - Y -
Watchdog pull-up Rwo 20 30 45 kQ |Internal connected to V,
Charge current Ip we 2 5 8 pA  |Vp=1.0V
Discharge current Ipwd 0.6 1.3 2.0 MA V=10V
Upper timing threshold Vou 1.5 1.9 2.3 v -
Lower watchdog timing VowL 0.5 0.7 0.9 v -
threshold
Watchdog output pulse Twp,p 42 60 80 ms |C4=47nF
period
Watchdog output low time |t 7 13 19 ms | Vo> Ver
Watchdog trigger time Toier 35 47 61 ms |C4=47nF

1) Measured when the output voltage V, has dropped 100 mV from the nominal value.
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Functional description

4.2 Test circuit
I V, Vn |
o :I L i3 ] <
,_i_, Ciy Cra l Ca
I1000pF I470 nF I10 uF
o Iwo wol,  TLE4278 G
lwaos_ waDy |,
V g Iro Vq
l o— Wifg 35, 7 LA
Viro 6 10-12 7
Ywsos |, D GND (LRADJ Ve
W2
V| == I V,
I 111 T f [ 1
AES02115
Vpr=V;-V Outside the control range
Figure3  Testcircuit
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4.3 Typical performance characteristics
Drop voltage V,, versus Current consumption /,
output current /, versus output current /,

mV AED01544 TLE4278_lQ-1Q.VSD

I, [mA]
Vdr
700
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600 10 J'
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/
/ )
400 / / 1 B
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300
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\\
T~y
\\\..

/ /
w &
0 0.01
0 50 100 150 200 250 mA 0.1 1 10 100
— 1 ——= I, [mA]
Current consumption /, Output voltage V,
versus input voltage V, versus input voltage V,
12 ” ‘ AED01546 mA AED01547
fama T=25°C Vo
T 10 10
8 8
6 n \ 6
i \Rf 33Q //
R=33Q
4 4 Y
RL: 50 Q g /
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0 10 20 30 40 V 50 0 2 4 6 8 Vv
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Charge current/, , and discharge current Ip,wd
versus temperature T;
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5 B//
/
4
3
2 I
D, wd /’
y /

0
-40 0 40 80 120 °C

Output voltage Vq versus
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Data Sheet

Switching voltage V,,, V;,,,. and Vg,
versus temperature Tj
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Application information

5 Application information

5.1 Input, output

The input capacitors C,; and C,, are necessary for compensating line influences. Using a resistor of
approx. 1 Qin series with C;, the LC circuit of input inductance and input capacitance can be damped.
To stabilize the regulation circuit the output capacitor Cy, is necessary. Stability is ensured at values C, = 10 pF
with an ESR = 5 Q within the operating temperature range.

v, v
+2V H13 9=

*
Cy== C;,==4701F LC@
I i
|
|
[
|
T
|

il Wo

TLE 4278G 4 |RO

v

\ 4

8 Wi < uP
3-5, 7 %‘*)
6 10-12 2 :
D \_< GND WADJ |
Cooling :
Area
Cp=—47nF Rwany R,
) or short to GND
for internal threshold AES02116
Figure4  Application circuit
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5.2 Reset timing

The power-on reset delay time is defined by the charging time of an external capacitor C, which can be
calculated as follows:

Co=(Btygx 1)/ AV (5.1)

Definitions:

+ Cp=delay capacitor

+ At =delaytime

+ Ip=charge current, typical 5 pA

o AV=V,, typical 1.9V

+  Vpy =upper delay switching threshold at C,, for reset delay time

The reset reaction time ¢, is the time it takes the voltage regulator to set the reset out “low” after the output
voltage has dropped below the reset threshold. Itis typically 1 s for delay capacitor of 47 nF. For other values
for C, the reaction time can be estimated using Equation (5.2):

t,=20s/F x Cy (5.2)
Vl
t
4 \ // ~/ . S \ Van
v Iy, t
% dat = Cae V
oy / | / \ CD\/ ]
L/ —/ | — — Vor_
t >
— trd |—— | | t

1, T,

»

f ! 1 f P 1 ’

Power-on-Reset Thermal Voltage Dip Undervoltage Secondary ~ Overload
Shutdown at Input Spike at Output AED03010

Figure5 Reset timing (watchdog disabled)
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5.3 Reset switching threshold
The present default value is 4.65 V. When using the TLE4278 the reset threshold can be setto 3.5V <V, ,<4.6V

by connecting an external voltage divider to pin RADJ. The calculation can be easily done since the reset adjust
input current can be neglected. If this feature is not needed, the pin must be connected to GND.

VQ,rt = Vref x (1 + Rl/Rz) (53)
Definitions:

« Vq=Resetthreshold

V,.s = comparator reference voltage, typical 1.35V
(Reset adjust input current = 50 nA)

TLE 4278 G
jm, 13 L 4 C ) L 4 L 4 9 []Q—o—o
30kQ
0—14[] RO
Band-Gap- Band-Gap-
Reference Reference
1.35V 1.35V

>1 > oo
+
’( 7 | raDJ

3..5,110..12
IGND i

AES03071

ol

Figure6  Reset switching threshold

The reset output pinis internally connected to the 5V output Q via a 30 kQ pull-up resistor. Down to an output
voltage V, of typical 1V the reset “low” signal at pin RO is generated.

For the timing of the reset feature please refer to Figure 5.
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5.4 Watchdog activating
The calculation of the external resistor which adjusts the watchdog switch off threshold can be done by
Equation (5.4):
Rwaps = Viaputh % Uo/hwaps) /g act (5.4)
Definitions:
* Viapym = switch off threshold, typical 1.35V
 lo/lwapy = current ratio, typical 720
lg,act = Switch off load current

TLE 4278 G

m] . (: a 01Q

Band-Gap-
Reference HIGH
Watchdog

> oo active

WAD | i

\ 4

Watchdog
disabled
Rwapy

IEND
AES03072

Figure7 Watchdog activating
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5.5 Watchdog timing

The frequency of the watchdog pulses must be higher than the minimum pulse sequence which is set by the
external reset delay capacitor Cp. Calculation can be done according to the formulas given in Figure 8.

The watchdog output is internally connected to the output Q via a 30 kQ pull-up resistor. To generate a
watchdog created reset signal for the microcontroller the pin WO can be connected to the reset input of the
microcontroller. It is also allowed to parallel the watchdog out to the reset out.

fWI
Vi t
A
A ’
VD <7TW|1 tr —— t
VDU T4 — T -~ | -~ | I~ T [ — 4 T T4 L ~—
DWL >
\A/LWO . fwp, L t
T =(VDU'VDWL)C T :(VDU'VDWL)UD,WC'I'[D,wd)C . =(VDU'VDWL)C !
e 15 g o o Ip we X 1, wa or WL Ip we °
AED03099
Figure 8 Timing of the watchdog function
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5.6 Hints for unused pins

Table 6 Hints for unused pins

Symbol Function Connect to

RO Reset output Open

D Reset delay Open or to output Q

RADJ Reset switching threshold adjust GND

Wi Watchdog input GND

(e} Watchdog output Open

WADJ Watchdog adjust Y To output Q via a 270 kQ resistor:
Watchdog always active
2 To GND: Watchdog disabled
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6 Package information

0.33 x 45° OPTIONAL

1.75 MAX.

(15)

4021

—— | |

0.1 MIN.
0.0
MAX.

0.2 +og

i

L \

([
127 —! ‘¢ *C - 64 +0.25

0.417]
—=006, . [502[AIC]14x — 6102

14 8
HAAAAARA

O
HEEEHEH
1 7

8.75.02" > A

Index Marking

1) Does not include plastic or metal protrusion of 0.15 max. per side

Figure9  PG-DSO-14 (Plastic Dual Small Outline)

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

Further information on packages

https://www.infineon.com/packages

1) Dimensionin mm
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7 Revision history

(infineon

Revision | Date

Changes

1.5 2018-09-10

Updated layout and structure
Updated packaged drawing “PG-DS0O-14”
Editorial changes
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Do you have a question about any
aspect of this document?

Email: erratum@infineon.com

Document reference
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IMPORTANT NOTICE

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics ("Beschaffenheitsgarantie").

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, Infineon Technologies
hereby disclaims any and all warranties and liabilities
of any kind, including without limitation warranties of
non-infringement of intellectual property rights of any
third party.

In addition, any information given in this document is
subject to customer's compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer's products and any use of the product of
Infineon Technologies in customer's applications.
The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer's technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to
such application.

For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

WARNINGS

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
consequences of the use thereof can reasonably be
expected to result in personal injury.
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