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LM9073 Dual High Current Low-Dropout System Regulator

Check for Samples: LM9073

FEATURES

« Two 5V Regulated Outputs:
e 700mA, 2% Main Output
e 100mA, 2% External Supply Output

e External Supply Output Protected from Shorts
to Battery

« Good EMI (IMHz to 400MHz, BCI) Immunity

e Separate ON/OFF and Keep-Alive Control
Inputs

e Less than 100pA Quiescent Current in OFF
State

e Programmable Delayed Reset Output

e Adjustable Threshold Voltage for Generating
Reset

e Built-in System Watchdog Timer
e Input Transient Protection Over 60V to =45V
e Less than 1V Dropout at Full Load

e Wide —-40°C to 125°C Operating Temperature
Range
e TO-220 Power Package

APPLICATIONS

» Automotive Module Supply Power
Conditioning

* Remote Sub-system Powering

» Continuous Operation for Save Outines and
E2PROM Programing After Power Down
Command

» Safety Relates Systems — EMC Operational
with a System Watchdog Monitor

Connection Diagram

TAB IS GROUND

O
LM9073T

DESCRIPTION

The LM9073 is a high performance voltage regulator
system with operational and protection features that
address many requirements of automotive
applications. Two regulated outputs are provided. The
main regulator provides a precision 2% tolerance 5V
output at 700mA with a low dropout characteristic.
The second output, an External Supply regulator,
provides a 5V output with 2% tolerance for load
currents up to 100mA. This External Supply output is
fully protected from short circuit to ground or the
unregulated input supply (ignition or battery potentials
in automotive applications) which makes it suitable for
powering remotely located load circuits or sub-
systems.

The LM9073 also contains a programmable delayed
system reset output. Two control inputs are provided.
An ON/OFF input intended for connection to an
ignition switch, and a Keep Alive input whereby a
system can remain powered after ignition has been
switched OFF. Additionally, a watchdog function is
built in to enhance system operationally reliability.

For EMC concerns the LM9073 remains fully
operational and does not generate false rest signals
while subjected to greater than 100mA, 1MHz to
400MHz bulk current injection signals on the input
supply and External Supply output lines.

P 11 Reset Adjust
F—10 Main Output
H— 9 Keep-Alive Input
F——18 C Delay

H— 7 Reset Output
F——16 Ground

H— 5 External Supply Output
F—14 Input Voltage
p—— 3 ON/OFF Input
FI——12 C Watchdog
Or—] 1 Watchdog Trigger

Figure 1. 11-Lead TO-220 (Top View)
See NDJ0011B Package

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Block Diagram

Automotive Module

Battery or
Ignition Main 5V
Supply System Supply
LM9073 (700 mA)Q
4 Voltage 10 | ¥
. Regulator 10 pf
Ignition :E
ON/OFF :IT_#F 3 9 6 8 711 125 L
. — r'y K -
Switch - J_— J_ J_ C Watchdog
= = 0.1 uF 5V External Eﬁe{nal Load Power
CDelay Reset .
N 22K oo 1uFI Threshold I +] Supply 7
7 v = = set 9| = —< (100 mA) Remote
<|® <
ON/OFF 0.1 uF =L & g = % 3 10 uf Loads
Input ]=:§ & R (/'% £ g ;n:-) =
VCCl VCCI \ 4 Voo |
E E System = =
EEProm . System — Logic
= Microcontroller —] R
= — Circuitry

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings Y@

Input Voltage -45V to 45V
Input Voltage (transient, t<400mS) 60V
Forced Output Voltages Main Output -0.3V to 7V
External Supply Output -0.3V to 27V
ON/OFF Input Voltage ® -0.3V to 16V
ON/OFF Input Current +20mA
Keep Alive In, Reset Out, Cpgay,
Reset Adjust,Watchdog Trigger
In, C Watchdog -0.3V to 7V
Junction Temperature 150°C
Storage Temperature —-65°C to 150°C
ESD Susceptibility “) 2000V
Lead temperature (Soldering, 10 Sec) 265°C

(1) “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. “Operating Ratings” indicate conditions for
which the device is functional, but do not ensure specific performance limits. “Electrical Characteristics” state DC and AC electrical
specifications under particular test conditions which ensure specific performance limits. This assumes that the device is within the
Operating Ratings. Specifications are not ensured for parameters where no limit is given, however, the typical value is a good indication

of device performance.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(3) The ON/OFF input is internally clamped to a 7V zener diode through a 1KQ resistor.

(4) Human body model, 150 pFcapacitor discharged through a 1.5 kQ resistor.

Operating Ratings®

Input Voltage Range

6V to 27V

Ambient Temperature Range

—40°C to 125°C

Thermal Resistance

A

4°C/W

AT

43°C/W

(1) “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. “Operating Ratings” indicate conditions for
which the device is functional, but do not ensure specific performance limits. “Electrical Characteristics” state DC and AC electrical
specifications under particular test conditions which ensure specific performance limits. This assumes that the device is within the
Operating Ratings. Specifications are not ensured for parameters where no limit is given, however, the typical value is a good indication

of device performance.
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Electrical Characteristics

The following specifications apply for 6V < vy < 19V, tcage = 25°C unless otherwise specified. Coyr = 6uF with 0.3Q < ESR <
3.0Q on each regulator output.

Symbol Parameter Conditions - LM9073 Units
Min Max

MAIN REGULATOR

10mA < I, oap < 700MA 4.9 5.1 v
VvaIN Output Voltage égm\fg\l/tgivss%()m,\ 48 52 v
RmLoap Load Regulation Vin = 16V, 10mA < | oap £ 700mA 25 mV
RmuNe Line Regulation ILoap = 700mA, 8V < V|\ £ 16V 25 mV
Vumbo Dropout Voltage, ViN— Viman Vin > 5.5V, 10mA < | opp < 700mA® 1 Y
Vsp Overvoltage Shutdown Threshold 30 36 \%
Imsc Output Short Circuit Current R . =1Q 2000 mA
PSRR Ripple Rejection Vin = QV; 50Hz < freq < 20kHZ, 40 dB

VRippLE = 4V p-p
External Supply Regulator
VExT Output Voltage 3mA < | pap < 100mA 4.9 5.1 \%

< <

égm\,/A_s\I/Lg,:DvsS[l)OOmA 4.8 52 v
ReLoaD Load Regulation Vin =16V, 3mA < | oap £ 100mA 25 mV
ReLINE Line Regulation ILoap = 100mA, 8V < V)\ £ 16V 25 mV
Vepo Dropout voltage, Vin = Vext V)N > 5.5V, 3mA < | oap < 100mA® 0.8 \Y
Vsp Overvoltage Shutdown Threshold 30 36 \%
lesc Output Short Circuit Current R =1Q 250 mA
VEsc Output Short Circuit No effect on other functions -0.3 27 \%
PSRR Ripple Rejection Vin = QV; 50Hz < freq < 20kHZ, 40 dB

VRrippLE = 4Vpp
Input Current
loorr Quiescent Input Current with Both 8V sV =16V 100 HA

Regulators OFF. 16V < V) < 42V 10 mA
lo No Load Quiescent Current 8V <Vy<19V, I =0mA 15 mA
INow Additional Input Current with both VN 2 8\/_, ILToTAL = IMaNn + II__EXT 12 X ILroTAL
Regulators ON ILtotaL = 700mA + 100mA = 800mA

0V < Vjy <8V® X lToTAL
LINpo Additional Input Current when in Dropout | I toTaL = Imain + lLexT 1.5

ILToTaL = 700mA + 100mA = 800mA
Reset Output

VmaIN out_put co_ntrols Reset o 4.0 4.2 v
VTHRL Low Switching Threshold Reset Adjust (pin 11 ) open circuited

Reset Adjust (pin 11) shorted to ground 4.5 4.7 \%
VTHRH High Switching Threshold Vuain output controls Reset 5.35 5.75 \%
Viow Logic Low Output Threshold Q}::S:TMQ”EOSKXTS)R\L/MA'N 0.4 \Y
VHiGH Logic High Output Threshold \N/S,::,];I 33??\?2”{'4%” | source = 0 _\g"éﬁ{\{/ VMAIN \Y;
Rp-y Internal Pull-Up Resistance 2.4 6.0 kQ
ToELAY Reset Delay Interval CpeLay = 0.1pF 35 70 mS

(1) The dropout voltage specifications actually indicate the saturation voltage of the PNP power transistors used in each regulator. Over the
full load current and temperature ranges the Main regulator will output at least 4.5V and the External Supply regulator at lease 4.7V with
an input voltage of only 5.5V

(2) The input quiescent current will increase when the regulators are in dropout conditions. The amount of additional input current is a direct
function of the to a load current on both outputs. The peak increase in current is limited to 50% of the total load current.
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Electrical

The following specifications apply for 6V < vy < 19V, tcage = 25°C unless otherwise specified. Coyr = 6uF with 0.3Q < ESR <

Characteristics (continued)

3.0Q on each regulator output.

Symbol Parameter Conditions - LM9073 Units
Min Max
Trise Output Rise Time From 10% Yia to 80% Vuam 15 us
LReseT = S0pF
TeALL Output Fall Time Erom 900? Viai 10 10% Vi 0.5 uS
LReseT = S0pF
Watchdog
VTRIGL Trigger Input Logic Low Voltage .08 \%
VTRIGR Trigger Input Logic High Level 2 \%
Two Watchdog Refresh Window IC\ZN"Z’;;E';[(’)%Gf:r ?:#z;lr';iggv;/hlg?/\ll(;%ﬁ)dog 35 70 mS
Trw Watchdog Trigger Pulse Width 10 uS
Rtric Trigger Input Pull-down Resistance 5 40 kQ
Control Inputs
Von ON Threshold for ON/OFF Input Rseries = 22kQ 35 4.5 \%
Vorr OFF Threshold for ON/OFF Inpu Rseries = 22kQ® 1.5 25 Y
lon/OFF ON/OFF Input Current 1.4V < Vonjorr € 4.5V 1 12 HA
-0.3V < Voniorr £ 7VA -1 5 mA
ONk-a Turn ON Threshold for Keep Alive Input 2 \%
OFFk_p Turn OFF Threshold for Keep Alive Input | See®) 0.8 \Y
Rp-p Pull-Down Resistance at Keep Alive Input | OV £ Vi_p £ 5V 5 40 kQ

(3) If either control input is left open circuited the regulators will turn OFF.
(4) The ON/OFF input is internally clamped to a 7V zener diode through a 1KQ resistor.
(5) If either control input is left open circuited the regulators will turn OFF.
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Typical Performance Characteristics

Quiescent Input Current
VS

Input Véltage

Turn-On Characteristic

Product Folder Links: LM9073

60 10 —
R, Main=100
50 9 'R External = 1000
= e 8 FReset Threshold = 4.6V
E 40 Imam_—SOOmA . 7 Input| 4
-~ lext =50 mA = Voltage/
o
3 N, ~ 6 | /7
c 30 N > V
!5 — \‘_, 5 /
2 20 &
§ E 4 Output[ff Resst
@ o p. Voltage ] eset |
2 10 > 3 v I| / Output
/
% = AT
| 1" Imain=35mA 1 '/
10 - lext = 5 mA 0 /] Cdelay
-50-40-30-20-10 0 10 20 30 40 50 0 50 100 150 200 250 300 350 400 450 500
Input Voltage (V) Time (50 ms/div)
Figure 2. Figure 3.
Normalized Output Voltages
Vs
Turn-Off Characteristic Temperature
10 —T T 10
. | R Main=100 N
R_ External= 1000 z 5 !
8 Reset Threshold = 4.1V = L~
> 7N ‘ g
= \\ Input = 0
~ 6 Voltage =
z \\ =
\; 5 5_ -5 /
g 4 Output a
E 5 Voltage c -10
Reset N s /
2
Output Cdelay\ \\ j:% 15
1 T N ° /
0 -20
0 50 100 150 200 250 300 350 400 450 500 -50 -25 0 25 50 75 100 125
Time (50 ms/div) Ambient Temperature (°C)
Figure 4. Figure 5.
Main Output Dropout Voltage
Vs
Ougput Voltages at Input Voltage Extremes Load Current
1.2
5 1
s 4 s
> 2 0.8
s 3 S
2 S 06
5 2 § "
= S 0.4
5 1 °
o (=)
0 0.2
-1 0
-50-40-30-20-10 0 10 20 30 40 50 0 100 200 300 400 500 600 700
Input Voltage (V) Load Current (mA)
Figure 6. Figure 7.
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Typical Performance Characteristics (continued)
Output Short Circuit Current
Vs
External Supply Output Short Circuit Current Temperature
50 2
I T T
. Sinking et 18 Main Output
= Sourcing . 1.6
£ 70 = 14
Z -100 5 12
: 5
2 150 < 08
3 =
5 -200 3 08
S 04 External Supply Output
-250 ’
0.2
-300 0
0 5 10 15 20 25 30 -50 -25 O 25 50 75 100 125
Forced Output Voltage (V) Ambient Temperature (°C)
Figure 8. Figure 9.
Watchdog and Reset Delay Time
Vs
Temperature Maximum Power Dissipation
) TT T T ]
60 Infinite Heat Sink
g 20
55 = \
E o \
= — =
~ 50 < P
£ L~ % \ T0-220 with
45 L7 g N 10°C/W Heat
z 10 \\ Sink
40 g
£ s
35 e N
-50 -25 O 25 50 75 100 125 No Heat Sink ‘\\ \
Ambient Temperature (°C) 0 L L
-50 -25 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)
Figure 10. Figure 11.
Qutput Capacitor ESR
T T
| Cout=10 uF
C
(a4
4
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= 0.3 :
o
©
Q.
8 o041
0.03
0.01
0 100 200 300 400 500 600 700
Load Current (mA)
Figure 12.
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Operational Characteristics

+14V
Vbattery
(Vi)

Vmain
Output

Vexternal
Output

L

VoN/oFF

erep-AHve
Input

Keep-Alive
Taken High

S
AU
|

Reset
Output

—

] Reset Resq__
Delay Delay

Power IGN Switch Supply Transient Vext Vext
N | N | N |
Applied Closed orma and Recovery ormal| Short to orma Short to
Turn-ON Vbat Ground
Figure 13.

Control Logic Truth Table

|

IGN Switch
Opened
Keep-Alive Operation

Turn-0FF
g <100 pA

ON/OFF Input Keep-Alive Input | Main Output Voltage | External Supply Output | Reset Output Operating Condition
Voltage
OFF, Input curent <
L L ov ov ov 100pA
Outputs turn ON,
Rising Edge L 5V 5V Rising after delay Power ON delayed
reset
H X 5V 5V 5V Normal ON condition
Main output pulled out
of regulation
<4V or ;
H X <45V or X oV Reset flag generated.
<5 35V Threshold fjepend_s on
’ Reset Adjust seting
(pin 11)
Falling Edge H 5V 5V Y Keep-Alive, Continued
normal operation
- - Outputs turned ON by
L Rising Edge 5V 5V Rising after delay Keep-Alive Input

Submit Documentation Feedback

Product Folder Links: LM9073

Copyright © 2000-2013,

Texas Instruments Incorporated


http://www.ti.com/product/lm9073?qgpn=lm9073
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS076D&partnum=LM9073
http://www.ti.com/product/lm9073?qgpn=lm9073

OBSOLETE

13 TEXAS
INSTRUMENTS LM9073
www.ti.com SNVS076D —MAY 2000—-REVISED APRIL 2013

APPLICATION INFORMATION
PIN DESCRIPTION AND FUNCTIONALITY

The LM9073 is a precision dual voltage regulator optimized for use in powertrain module applications but will
also find use in a wide variety of automotive and industrial applications were precision supply regulation is
required in harsh operating environments. The following will describe the functionality of each of the package
pins.

Main
Battery Vin Output
5V, 700 mA (ouT 1)
4 ’ ’ Main System 10 o]
T uE Regulator _E
T T
Ignition "— A I —
Switch  oN /oFF =
22k Input
3 ® A Enable
[7 A 4 Tracking
0.1 uF 1k _ Output
I I 5V, 100 mA (ouT 2)
= — External Supply 5 O
(“tNVhen OFF) Regulator 10 uF ks
Keep-Alive | 7V 2V H :I:
input | = (When ON) T —
I ° = Main
gt * Sense 4k fReset
Keep-Alive 20k Reset € Output
Control | p —»{ Generator ¢ 7 >
WATCHDOG
WATC'HDOG —1— 125y = Timer Reset
Trigger - Refresh < i((ejs_ett
jus
WAT?HPOG 1 Pin Strap Jumper
WATCHDOG Initialize Open: Low Threshold (4.1V)
Refresh 8 u — Shorted: High Threshold (4.6V)
Pulse _f - T

C WATCHDOG | 2 8| C Delay 6| Ground
L t:‘ |<— > 10 ps (Case)
50ms Cwd Cd
IOJ Mz I 0.1 uF —

Figure 14. Circuit Block Diagram

INPUT VOLTAGE (PIN 4)

The LM9073 has been designed to connect directly to the ignition or battery supply in automotive applications.
For this type of supply the regulator been designed to withstand up to +60V and —45V supply transients such as
load dump. An overvoltage shut down protection circuit turns OFF both of the regulator outputs should supply
transients exceed typically +33V to fully protect all load circuitry. This higher threshold allows normal operation
with 24V applied to the input as in the event when two batteries are used to start a vehicle. Protection of the
system is also provided for inadvertent reverse polarity battery connections.

The current drain on the supply line is directly proportional to the load currents on the two voltage regulators.
With no load current on either output the regulator requires 15mA maximum quiescent current for biasing internal
circuitry. During dropout conditions (V\y< 5.5V) the additional input current can rise to 50% of the total load
current. With less than 3V applied to the input, internal biasing circuitry shuts OFF.

When switched OFF the regulator can remain connected to the battery supply with a current drain of less than
100pA.
MAIN OUTPUT (PIN 10)

The Main Output regulator provides a well controlled (2% tolerance maximum) 5V supply line with a total load
current ranging up to 700mA. This relatively high level of output current is sufficient to provide power to a large
number of load circuits in a variety of module applications.

This output has a short to ground current limit between 900mA and 2A. It is not protected for shorts to battery
however, but can withstand an output short to a potential of 7 Volts or less.

To maintain stability of this supply line an output bypass capacitor is required. This capacitor must be at least
6uF with an equivalent series resistance (ESR) between 0.3Q and 3Q over temperature.
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The Main Output is sensed for the generation of the system reset output.

EXTERNAL SUPPLY OUTPUT (PIN 5)

The External Supply Output regulator is a secondary 5V, 2% tolerance regulated output of the LM9073. this
100mA output is available to bias sensors and other devices located external to the main system module.

For providing remote power the External Supply Output is fully protected against short circuit connections to the
battery or input supply (up to 27V) and to ground. These shorted fault conditions do not effect the operation of
the main supply nor generate a reset of the system.

Like the main output a bypass capacitor is required for stability. This capacitor should be also greater than 6uF
with an ESR between 0.3Q and 3Q.

Vmain Vmain

6 pA
C Delay

1

Qdischarge
Delay

57k

(0.1 uF)

Control
RESET Logic

ADJUST

Qdischarge
WATCHDOG

RESET
Output

s | U

One Shot Control
Logic

WATCHDOG
TRIGGER 15k
INPUT

Qreset
WATCHDOG 4V

0.9V 2| C WATCHDOG
Cwatchdog
I(O.W uF)

Figure 15. Reset Generator and Watchdog Circuitry

RESET OUTPUT (PIN 7)

The Reset Output is an active low logic signal provided to reset a system mircocontroller on power up and in the
event that the Main Output falls out of regulation. This output is ensured to provide a logic low level (<0.4V)
whenever the Main Output supply is below a threshold set by the Reset Adjust pin strap option (see RESET
ADJUST (PIN 11) section) or is pulled above 5.75V. This general reset prevents erratic system operation which
may occur with out-of-specification supply potentials.

The Reset Output has an active pull down which can sink up to 15mA of current and a passive pull-up (through a
4KQ resistor) to the Main Output to ensure voltage compatibility with the system supply. Capacitive loading on
this reset line will directly affect the rise time of the reset signal. The Reset Output will maintain a logic low level
with a Main Output voltage of only 1V. Below 1V the active pull-down device switches OFF (sink current of only
500pA). At such a low supply potential, system controllers are generally inoperative.

The Reset Output has a built-in delay time interval which is programmable by the section of the delay capacitor.

RESET ADJUST (PIN 11)

The low Vmain threshold voltage for generating a system reset can be shifted by 500mV through the use of a pin
strap to ground on pin 11. With this pin shorted to ground the threshold is between 4.5V and 4.7V. With this pin
left open the threshold is shifted to between 4.0V and 4.2V. This lower threshold allows the system to remain
operational longer during power down. The higher threshold ensures that the system is reset when the nominal
5V supply is low by 10%, which in some cases can produce uncertain microprocessor operation.
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DELAY CAPACITOR (PIN 8)

The Delay Capacitor (Cpg ay) Controls a time interval during which the Reset Output remains low after the Main
Output has established normal operating condition. This feature holds the system in reset for a time to allow all
load circuitry to properly bias before executing functions. This interval is applied at power-up and following any
event that may trigger the system reset function.

Figure 15 illustrates the delayed reset generator. Two comparators continually monitor the Main Output supply.
Window comparators C1 and C2 detect if the Main Supply is below 4.6V (4.1V with Reset Adjust open circuited)
or exceeds 5.5V typically. If this is true (at power—-on for example) the control logic turns ON the discharge
transistor and holds Cpg ay low (at 0.9V). Comparator C4 then outputs a logic low system Reset signal within
2uS after detecting the out of regulation condition.

RESET

4V
C DELAY

Twd Twd Twd Twd
Tdelay

Tdelay
WATCHDOG 'I

Tdelay

timeout timeout

TRIGGER

4v

WATCHDOG 0.9V /

Power-ON Normal Operation
Reset Refresh Trigger Signal

Loss of Watchdog —————
Figure 16. Watchdog and Reset Operation

The Delay Capacitor remains discharged until the window comparator senses that the Main Output is within
normal operating range (C1 and C2 outputs are both low). When this condition is met, the discharge transistor is
turned OFF and Cpg sy is charged positively by an internal 6pA current source. The Reset Output will remain low
until the delay capacitor has reached 4V, at which point it will go high and the system will begin normal
operation. This delay time interval is controlled by the section of Cpg ay and can be determined from the
following equation:

Toeray = (0.5 x 10°) x Cpgiay (1)
A 0.1uF capacitor will produce a typical delay interval of 50mSec.

To ensure a consistent delay time interval, the discharge transistor is always latched ON by the window
comparators, and can not be switched OFF to start a new delay interval until Cpg oy has been discharged to less
than or equal to 0.9V. This sets a fixed starting voltage (0.9V) and ending voltage (4V) for the charging of the
Delay Capacitor.

WATCHDOG CAPACITOR (PIN 2)

The LM9073 also provides a simple system watchdog timer. The watchdog timer requires the system controller
to issue a pulse at a regular interval (programmable through the selection of Cwatchdog) to provide an indication
that the system is properly executing controlling software code. The absence of a pulse before the watchdog
timer comes out could indicate that the system is caught in a infinite loop and the system is reset

The watchdog capacitor is held discharged to ground at any time that the system is reset. When the reset is
released the capacitor quickly charges to 0.9V (with a charging current of approximately 50uA) then slowly
charges positive with a charging current of 6pA. If this capacitor ever charges up to 4V or more, a system reset is
generated.

The watchdog time interval is set by the selection of Cwatchdog and can be found from the following equation:
Two = (0.5 x 10%) x Cwatchdog )

The watchdog timer function can be disabled by grounding pin 2 or replacing Cwatchdog by a resistor with a
value less than 22kQ. With this only the reset generator can reset the system.
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WATCHDOG TRIGGER (PIN 1)

The Watchdog Trigger input accepts a pulse from the system controller to refresh the watchdog capacitor and
prevent it from reaching 4V and resetting the system. This positive pulse must be at least 10uS long and triggers
an internal one-shot pulse. This internal pulse latches ON Qdischarge Watchdog (Figure 15) and discharges
Cwatchdog to 0.9V. This latching action ensures a consistent watchdog timer interval by not allowing the
capacitor to charge positively until it has been discharged to 0.9V.

As shown in Figure 16, each watchdog trigger input pulse resets the timer capacitor. If the watchdog trigger
signal does not refresh the timer before Cwatchdog reaches 4V, a system reset is generated. Once reset, a full
reset delay interval occurs. At the end of this interval the regulator will automatically try to re-start the system by
taking reset high. If the system does not respond properly by issuing a watchdog trigger signal in time, the
system will once again reset. In this situation the reset output will continually cycle high (re-starting the system)
for the watchdog time interval and low (re-setting the system) for the reset delay interval.

A low to high transition is required during the watchdog timer interval at the trigger input. If this line is ever fixed
high the timer will time-out and the system will reset.

ON/OFF INPUT (PIN 3)

The ON/OFF Input enables both the Main and External Supply outputs. In a typical application this input is
connected to the input supply through a series resistor (nominally 22KQ) and a switch (Ignition, as an
example).When the switch is closed this input is pulled high and switches ON both regulator outputs. This input
is internally clamped to a 7V zener diode through a series 1kQ resistor. The external series resistor together with
an optional 0.1uF capacitor to ground provide filtering and current limiting to withstand transients that may
appear on the input supply to maintain normal operation of the system.

The switching threshold of the ON/OFF comparator has 2 Volts of hysteresis to ensure noise free control of the
system. To turn the regulators ON this input must be taken above 4V. To turn the system OFF the ON/OFF Input
must be open circuited or pulled below 2 Volts.

KEEP-ALIVE INPUT (PIN 9)

This CMOS logic level compatible input provides a system with the ability to control it's own ON/OFF sequencing.
The Keep-Alive Input is OR'ed with the ON/OFF Input so either one can independently control the regulators.

As shown in the Operational Characteristics, a system controller can take the Keep-Alive Input high at any time.
If the ON/OFF switch is opened, this high level on Keep-Alive will keep the regulators ON and the entire system
operational. This control is useful for providing as much time as necessary for a system to perform
"housekeeping” chores such as programming EEPROM with system information prior to turning itself OFF (by
taking the Keep-Alive Input low) and reverting to the low quiescent current state.

A second use of the Keep-Alive Input can be from other modules which need information from the module
powered by LM9073. A high CMOS logic level (>1.25V) on this input will power up the system as needed
independent from the normal ON/OFF switch.

System
Input
Supply

ol
t

Master
ON/OFF  Keep-Alive ON/OFF /Remote

| _T/
Switch Input IT T]nput ON/OFF
Master LM9073 Remote ON > ILMQON> Switch
Module _I_ Remote

Module

Remote OFF

System
Controller

Data I/0

Figure 17. Remote ON/OFF Control
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SYSTEM KEEP-ALIVE OPERATION

Figure 18 illustrates the basic concept of Keep-Alive operation. The LM9073 provides the regulated supplies to
an entire microcontroller based system or module including remote sensors. The system is switched ON or OFF
by a switch connected to the unregulated input supply and the ON/OFF input, pin 3. When closed the regulators
turn ON and the system is held in a reset state for the duration of the delayed reset interval controlled by Cpg| ay-

Once normal operation of the system begins, the controller needs to set an output line connected to the Keep-
Alive input, pin 9, high. The system remains in normal operation until switched OFF by opening the ON/OFF
switch. With Keep-Alive high the entire system remains normally biased and will remain operational until the
Keep-Alive input is taken low.

Transistor Q1 is shown as a means to inform the controller that the ON/OFF switch has been opened. This high
level on an input line tells the controller that the system has been switched OFF. This indicates the start of the
Keep-Alive interval. The system can perform whatever actions required to obtain the proper OFF state before
actually powering down. These general housekeeping tasks can include putting external devices in the proper
OFF condition and storing various system variables in EPROM for example. With the controller in command of
the Keep-Alive interval these tasks can take whatever time necessary to complete.

When completed the controller takes the Keep-Alive input to a low level and the entire system shuts down. The
LM9073 powers down to a low quiescent current mode with less than 100pA drawn from the input supply.

+5V Main Supply (350 mA)

Unregulated

Input
Supply ON/OFF

Switch
T o

. System E E
+5V Tracking Supply (80 mA) Reset Microcontroller [——]Memory =] Logic
(External Sensor Power) 10k Input r’ — —
MN—S s A/D Converterl — =
10K ON/OFF
Q1 Sense
Remote Input
Sensors = = -

iH ~

X Y
= | =

Control Waveforms

ON/OFF ON/OFF
Switch Switch
Closes Opens

ON/OFF
Input |
(Pin 2)

Main and
Tracking
Outputs

(Pins 4 and 9) Delayed
ON/OFF | Resef |
Sense

Input to pP

Reset
Output | |
(Pin 6)
Keep—-Alive
Input .

Set High Interval System OFF
by uP (Ig< 100 pA)

Figure 18. Basic Keep-Alive Operation

To initiate the Keep-Alive routine before actual power down, it is important for the system controller to know
when the system has been switched OFF. To eliminate any interface between the controller and the ON/OFF
switch and potentially noisy unregulated input supply, and simple logic scheme shown in Figure 19 can be used.
With this circuitry the Reset output form the LM9073 provides the ON/OFF sensing input to the controller.
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When switched OFF, the main regulator output will fall out of regulation and generate a low logic level on the
Reset output. This input to the controller provides the switch OFF indication and initiates the Keep-Alive interval.

Control of the Keep-Alive duration is set by a logic 1 on the Keep-Alive output line from the system controller.
This high level prevents the Reset output from resetting the entire system and also gates the Keep-Alive input
signal to the LM9073. The inverted Reset signal provides a logic 1 to the Keep-Alive input of the LM9073.

The Main output will only drop out of regulation for a very short time before the Keep-Alive input turns it back on.

The Reset output remains low for the delay time interval. When it turns high the Main output switches OFF and
back ON again very quickly. This continues until the system controller takes the Keep-Alive output line to a logic
low level.

Input
Supply

Vin Main Rﬁgu\ator Output
OJVVT ON/OFF

Input LM9073 10 uF

Keep—-Alive Reset

0.1 uF
| Input Cdelay Output
= L
I

A

0.1 uF

Keep—Alive System ON/OFF
Output Reset Sense
Input Input

System Controller

ON/OFF Switch ON/OFF Switch
Closed Opened

ON/OFF _I'—|
Input
Delayed
Reset|<—

Reset Output/
ON/OFF Sense | | " " " "
Input I
Main
Regulator ’ ¥ M v v
Output <—Keep-Alive Interval
Keep—Alive
Output | |
from uP
Keep—-Alive I " " " " |
Input
System Reset
1NPUY ]
~—

Power On
Reset

Figure 19. Simple Logic Configuration to Provide ON/OFF Sensing

INPUT STABILITY

Low dropout voltage regulators which utilize a PNP power transistor usually exhibit a large increase in current
when in dropout (Vin < 5.5V). This increase is caused by the saturation characteristics (B reduction) of the PNP
transistor. To significantly minimize this increase in current the LM9073 detects when the PNP enters the
saturation and reduces the operating current.

This reduction in input current can create a stability problem in applications with higher load current (>200mA).
where the input voltage is applied through a long length of wire which in effect add a significant amount of
inductance in series with the input. The drop in input current may create a positive input voltage transient which
may take the PNP out of saturation. If the input voltage is held constant at the threshold where the PNP is going
in and out of saturation, an oscillation may be created.
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This is only observed where a large series inductance is present in the input supply line and when the rise and
fall time of the input supply is very slow. If the application and removal of the input voltage changes at a rate
greater than 500mV/mS it will move through the dropout region of the regulator (Vin of 3V to 5.5V) too quickly for

an oscillation to be established.

Input Mai
Suppl ain
g Output

l+ o
LM9073 10 uF
Parasitic Reverse + I
Input Polarity — External
Inductance  Protection | 1 uf | Supply
Diode _ +
- T
Input )
Suppl Main
= Output
l+ °
LM9073 10 uf
Parasitic 0.2 uF I
| H — External
nput = 2 ‘
Inductance 6.80 0.1 uf | upply
e +
10 urI

Figure 20. Input Bypassing

In the event that an oscillation is present, input bypassing can also help de-tune the resonance. Figure 20
illustrates two input bypassing approaches. The straight forward addition of a larger valued electrolitic capacitor
could suffice. In this case however, if reverse battery connections are possibility it is necessary to add a series
protection diode as shown to prevent damaging the polarized input capacitor.

An alternative input bypassing scheme is also shown. This eliminates the use of polarized input capacitors and a
series protection diode. The values shown were derived empirically in a representative typical application.
Appropriate values for any given application require experimentation.

THERMAL MANAGEMENT

The LM9073 is packaged in a narrow lead-pitch TO-220 package. To obtain operation over the highest possible
load current and input voltage ranges, care must be taken to control the operating temperature of the device.
Thermal shutdown protection is built with a threshold above 150°C Conventional heat sinking techniques can be
used with the TO-220 package.
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Injected  Monitor

Current Coil o

Watchdog

Refresh
Viy = 13V Vin Reset  Trigger Main .
Keep=Alive 10 uF 0.1 uF 22
LM9073 Reset Thr f—0
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= 0.1 F L . N
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Figure 21. EMC Test Circuit
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ELECTRO-MAGNETIC COMPATIBILTIY (EMC)

Systems utilizing the LM9073 will not experience loss of supply or false reset signals from the regulator when
subjected to high frequency interference from a standard Bulk Current Injection test (1ISO11452 Part 4 test
method). The following test conditions and configuration (Figure 21) can be used to verify this performance:

* Frequency Range 1MHz to 400MHz

* Modulation 1 (no modulation)

* Modulation 2 1kHz sine wave, 80% AM

+ Dwell Time 1 second

» Frequency Steps 1MHz (from 1MHz to 10MHz)
e 2MHz (from 10MHz to 200MHz)

* 20MHz (from 200MHz to 400MHz)

» Test Method Closed loop current probe

In this test configuration the current injected in to either the input pin or the tracking output pin is increased until a
reset output is generated. These two pins are the most critical as they typically will connect to a module through
long lengths of wire most likely to pick up high frequency energy. Figure 22 illustrates examples of test results on
the LM9073 with both types of modulation.

These results are just examples as actual results in any given application will depend on numerous external
factors such as component selection, pc board layout, etc. The current power of the injected signal is expressed
indB relative to 1mA (i.e. 40dBmA = 100mA)

BCI Susceptibility, Modulation 2 (CW)

BCI Susceptibility, Modulation 1 (CW) (1kHz, 80% AM Modulation)
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Figure 22. Examples of BCI Test
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