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MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

General Description

Features

The MAX16948 is a dual high-voltage, current-sensing low
dropout linear regulator (LDO)/switch designed to operate
with an input voltage range from 4.5V to 28V (45V load
dump tolerant). The device provides phantom power over
coax cable to remote radio frequency low-noise amplifiers
(LNAs) in automotive systems with a maximum current of
300mA per channel. The device also provides a fixed regu-
lated output voltage of 8.5V or an adjustable 1V to 12.5V out-
put voltage. The device can also be configured as a switch.

The device monitors the load current and provides an ana-
log output current proportional to the sensed load current.
Accurate internal current limits protect the input supply
against both overcurrent and short-circuit conditions. The
device features an open-drain error output for each channel to
indicate to the microcontroller (UC) when a fault has occurred.

The device features short-to-battery protection to latch off the
internal LDO/switch during a short-to-battery event. During a
thermal overload, the device reduces power dissipation by
going into thermal shutdown. It includes two independent
active-low, high-voltage-compatible shutdown inputs to
place each channel in a low-power shutdown mode.

The device is available in a 16-pin TQFN package with
exposed pad, a 16-pin QSOP package with exposed
pad, or a 16-pin QSOP package and is fully specified
over the -40°C to +105°C temperature range.

2-Channel LDO/Switch with Precision-Adjustable
Current-Sense (Up to 300mA Per Channel)

Wide Input Voltage Range: 4.5V to 28V (45V Load
Dump Tolerant)

On/Off Switching or Regulation of Phantom Power
Under pC Control

Reverse Current Protection
Output Short-to-Battery Protection

Load Current Monitoring to Detect Open-Load/
Normal/Short-Circuit Conditions

Open-Drain Error Status Signaling to pC
Input Overvoltage Shutdown
High Power-Supply Rejection Ratio (73dB)

Applications

Remote LNA Phantom Power
Automotive Camera and Sensor Power

Ordering Information appears at end of data sheet.

For related parts and recommended products to use with this part,
refer to www.maximintegrated.com/MAX16948.related.

Typical Operating Circuits
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ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND.)
IN, SHDN1, SHDN2..........vvvv
ERR1, ERR2, REG........................
FB1, FB2, SENSE1, SENSE2, LIM1, LIM2..-0.3V to (VReg + 0.3V)
OUTT, OUT2...ciiiiiiiiicic

Continuous Power Dissipation (Tp = +70°C)

TQFN-EP (derate 25.0mW/°C above +70°C)
QSOP-EP (derate 22.7mW/°C above +70°C)
QSOP (derate 9.5mW/°C above +70°C)

-0.3V to +45V

-0.3V to +20V

Operating Temperature Range
Storage Temperature Range
-0.3V to +6.0V Junction Temperature ........
Lead Temperature (soldering, 10s)
Soldering Temperature (reflow)

..2000mwW
..1818mw

PACKAGE THERMAL CHARACTERISTICS (Note 1)

TQFN-EP

Junction-to-Ambient Thermal Resistance (6 a)
Junction-to-Case Thermal Resistance (6,c)

16 QSOP-EP

Junction-to-Ambient Thermal Resistance (6 a)
Junction-to-Case Thermal Resistance (8,¢)

MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

16 QSOP
....40°C/W Junction-to-Ambient Thermal Resistance (6a) -.....
...... 6°C/W Junction-to-Case Thermal Resistance (8¢) ...........
....44°C/W
...... 6°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VN = 14V, Tp = Ty = -40°C to +105°C, unless otherwise noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

PARAMETER | SYMBOL CONDITIONS | MIN TYP  MAX | UNITS

POWER SWITCH/LDO
Over 19V, output and current sense is 45 o8

IN Operating Supply Range VN switched off (Note 3) ’ Y,
Output switched off, for < 1s (Note 3) 45

IN Supply Current in Operation N VSHDN1/SHDN2 > 2.8V, Tp = +25°C 21 3.4 mA

IN Supply Current in Shutdown Isp SHDNT = SHDN2 = GND, Ta = +25°C, 7 A
ViN =12V
VN rising 4.8

IN Undervoltage Lockout VuvL - Vv
VN falling 3.8 4.45

IN Undervoltage Lockout

Hysteresis VuviHys 390 mv
Measured between IN and OUT1/0UT2,
louT1/0uT2 = 100mA, FB1/FB2 = GND, 0.3V
SW operation V| =5V, Tp = +105°C '

Voltage Drop of Internal Switch | Vi - VouT1oute | (Note 4) %
Measured between IN and OUT1/0UT2,
louT1/0uT2 = 100MA, FB1/FB2 = GND, 0.145 0.220
SW operation V| > 5V, Tp = +25°C

Maxim Integrated 2



(VN = 14V, Tp = Ty = -40°C to +105°C, unless otherwise noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

ELECTRICAL CHARACTERISTICS (continued)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
For LDO mode with external resistive
Feedback Voltage VER dividers, louT1/0UT2_ = 5MA to 150mA 0.97 1 1.08 Vv
Input Bias Current to FB1 and VEB1/FB2 = 1.0V, LDO mode,
FBo IFB1/FB2 Tp = +25°C 05 +0.5 HA
::netz?nZT?:lfelgL)e;:;:gefsoirstive v Switching to LDO mode with internal VREG - VREG - N
- FB1/FB2,TH 8.5V resistive dividers 1.7 0.8
Divider
Adjustable Output Voltage v LDO mode with external resistive ’ 195 v
Range ouT1/ouT2 dividers (Notes 3, 5) '
ViN - VouT1/ouT2 2 2V,
FB1 and FB2 Load Regulation AVEB, LOAD louT1/0UT2 = 5MA to 250mA, -7 mV
LDO mode (Note 3)
- - ViN - VouTi/ouT2 = 2V,
FB1 and FB2 Line Regulation AVEB, LINE loUT/0UT2 = 50mA, LDO mode (Note 3) 100 N\
, louT1/0uT2 = 70mA, LDO mode with
Fixed Output Voltage 8.5V Voutt/ouT2, 8.5V internal resistive divider, 9V < V|y < 18V 8.33 8.5 8.67 v
ViN - VouT1/out2 2 2V,
) o . louT1/0uT2 = T0MA at f = 100Hz,
Power-Supply Rejection Ratio PSRR LDO mode VouT/ouTs = 8.5V, 73 dB
VRippLE = 0.5Vp.p (Note 3)
CURRENT SENSE
louT1/0UT2 = 100MA,
Vin = BV, 19V 0.485 0.5 0.515
50mA < louT1/0UT2
<300mA, V|N =5V 0.45 0.5 0.55
(Note 3)
20mA < loyT1/0UT2 <
SENSE1 to OUT1 and SENSE2 A VSENSE1/SENSE2 | S0MA, ViN =5V 0.415 0.5 0.585 o
to OUT2 Current Ratio ' <3V (Note 3) °
SmA < louTi/0ouT2 <
20mA, Vi > 5V 0325 05 0675
(Note 3)
OmA < louT1/0UT2 <
5mA, Vi = 5V 0.3 05 07
(Notes 3, 6)
No-Load Current-Sense Offset lcso louT1 = louT2 = OMA (Note 3) 2 10 pA
SENSE1, SENSE2, LIM1, LIM2 I .
Leakage Current ILEAK SHDN1 = SHDN2 = GND, Tp =+ 25°C 2 pA
Maxim Integrated 3




MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

ELECTRICAL CHARACTERISTICS (continued)
(VN = 14V, Tp = Ty = -40°C to +105°C, unless otherwise noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

PARAMETER | symBOoL | CONDITIONS | MIN TYP MAX | UNITS
FAILURE DETECTION
LIM1 and LIM2 Current-Limit Voltage on LIM1 and LIM2 for which
Threshold Voltage VLmi/LIm2,TH output current is limited 2:375 29 2.625 v
IN Overvoltage Lockout -
Threshold (Rising) VovLoR Vinrising 19 21 23 v
IN Overvoltage Lockout .
Threshold (Falling) VovLoF Vin falling 18:5 v
IN Overvoltage Lockout
Hysteresis VovLoH 600 mv
Short-to-BAT Threshold in Off Veon VouT1/0uT? - VIN, checked during turn- 500 -80 +110 my
State on sequence

Reverse Current Detection

Level IREVCUR Power FET on (SW or LDO mode) -100 -50 -1 mA

Delay to shutdown the switch or LDO
tPD-RC after drop over Ron becomes negative, 4.16 20 ys
louT1/0UT2 = -200mA (typ), Tp = +25°C

Reverse Current (Short-to-BAT)
Shutdown Delay

Blanking time for reverse current and
FB1/FB2 out of range after rising edge

Reverse Current Blanking Time tBLK-RC of SHDNA, SHDNZ, or current limiting 16 ms
event is over

Feedback Voltage Out of LDO mode, internal pulldown resistor

Range VFBERR switched on, FB rising 112 115 128 v
Feedback Voltage Out-of- LDO mode, internal pulldown resistor

Range Hysteresis VFBERRHYS switched on (Note 3) 39 100 mv
OVERTEMPERATURE PROTECTION (Note 3)

Thermal Shutdown TsHDN 160 °C
Thermal Shutdown Hysteresis TSHDN-HYS 15 °C

SUPPORTING CIRCUITS, INTERFACE SIGNALS

Ta = +25°C, IReg = OmA,

VN = 4.5V to 18V 4 5 55 v
Internal Voltage Regulator VREG
Ta = +25°C, IReg = OmA, 45 5 55 v
VN = 6.5V to 18V ’ ’
Internal Voltage Regulator
Current Limit lReG (Note 4) 15 mA
\EEIT;anfOEVRR2 Output- VoL Sinking current = 10mA 0.4 \%
ERR1 and ERR2 Open-Drain ERR1 and ERR2 not asserted, VERRT/ y UA
Leakage Current ERR2 = 5V, Ta = +25°C
SHDNT and SHDN? High VSHDNT/SHDNZ Hi 2.8 v
SHDN1 and SHDN2 Low VSHDNT/SHDNZ.LO 0.8 Vv

Maxim Integrated 4



MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

ELECTRICAL CHARACTERISTICS (continued)
(VN = 14V, Tp = Ty = -40°C to +105°C, unless otherwise noted. Typical values are at Ta = Ty = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SHDN1 and SHDNZ2 Pulldown
R VSHDNT/SADNS = 2V 500 kQ
Resistance SHDN SHDN1/SHDN2
. SHDN1 and SHDN2 rising to turn on

Startup R T t 300

artup response 1ime ST LDO/switch (Note 3) Hs
OUT Pulldown Resistor RouT1/ouT2-oFF | SHDN1 = SHDN2 = GND 56 kQ

Note 2: Devices are tested at Ta = +25°C and guaranteed by design for Ta = TN 10 Tpmax:

Note 3: Guaranteed by design; not production tested.

Note 4: Guaranteed by ATE characterization. Limits are not production tested.

Note 5: In case of OUT1/OUT2 shorted to BAT, feedback network must protect FB1/FB2 from violating their absolute maximum rat-
ings. For OUT1/OUT2 set below 3.3V, use an additional 5V clamp on FB1/FB2 with low parasitic capacitance.

Note 6: Limits do not include current-sense offset.

Typical Operating Characteristics

(VIN = 14V, Ta = +25°C, see the Typical Operating Circuits, unless otherwise noted.)

VOLTAGE DROP OF INTERNAL SWITCH

SHUTDOWN CURRENT vs. TEMPERATURE vs. OUTPUT CURRENT DROPOUT VOLTAGE vs. OUTPUT CURRENT
70 - 700 N 700 o
SHDNT = SHDN2 = GND £ FB_=GND g Vour=5v | i
o : 600 : 600 | FB= = EXTERNAL :
— = = =
= / z
= —] 500 Ta=+105°C % E 500 T =+105°C
£ 60 = / o \
£ =) \ A = 400
S 55 3 )/ =
= g 300 Ta=+25°C — e 5 300 Ta=+25°C
2 = 2 /
g 50 - / e S T
% / a /
45 100 Th = -40°C 100 L Ta=-40°C
10 0 | 0 ||
45 20 5 30 5 8 105 0 5 100 150 200 250 300 0 5 100 150 200 250 300
TEMPERATURE (°C) OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
VOLTAGE DROP OF INTERNAL SWITCH POWER-SUPPLY REJECTION RATIO
DROPOUT VOLTAGE vs. OUTPUT CURRENT vs. SUPPLY VOLTAGE vs. FREQUENCY
700 = 80 8 0 s
FB_=REC Jq | B_=6ND z vour_=sv Il T TTTIIN | g
600 g 9 Tlour_=5mA g 10 | FB_ Z EXTERNAL RESISTIVE DIVIDER g
_ E: 78 E 20 | VRiPPLE_=0.5Vp-p ]
£ 500 Ta=+105°C 77 OUTH 30 lout_=10mA
| s
2 10 \ / A E s \ A // z 40
a - 2 \ Y = ]
= . P 3 715 = 50 [
3 30 = +2§C/'/’ z 74 \ 7 ‘\ £ 6 f
o >_ o ~| ’
S /I
&S 200 /’ / 73 \V/ ouT2 -70 ra
e I\ 72 -80 i ;"‘
100 / Ta=-40°C
‘ ‘ 71 -90 ‘ ‘
0 70 -100
0 50 100 150 200 250 300 0 5 10 15 20 0.01 1 100 10,000
OUTPUT CURRENT (mA) SUPPLY VOLTAGE (V) FREQUENCY (kH2)
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MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

Typical Operating Characteristics (continued)

(VIN = 14V, Ta = +25°C, see the Typical Operating Circuits, unless otherwise noted.)
POWER-SUPPLY REJECTION RATIO POWER-UP WAVEFORM
vs. FREQUENCY (FB_ = REG, lout_ = 90mA)
MAX16948 toc08
0 ——rr S T T T T T T
FB_=REG E : :
-10 [ VRIPPLE_=0.5Vp-p % - VIN
20 | lout_=10mA E : : 10V/div
0 / OO SRR . vourt
8 4 e S 5V/div
= 7\ R Lo
L -50 Lo
/ V TR Vour2
-60 // . 5V/div
-70 v A
80 Wffr S R P
Bl S T
90 I, s
0.01 1 100 10,000 100ps/div
FREQUENCY (kHz)
POWER-UP WAVEFORM STARTUP WAVEFORM
(FB_ = GND, lgur_=90mA) (FB_ = REG, lout_ = 90mA)
MAX16948 toc09 MAX16948 toc10
LR R T ARaRS T T T AR
———— y :
............... T
Do 10V/div 4 \és/w AND VSHDNZ
Vourt Vourt
: 10V/div 5V/div
e Vour? Vour2
Y 4 Lo 10V/div SV/div
200ps/div 100ps/div
STARTUP WAVEFORM CURRENT-SENSE AMPLIFIER GAIN
(FB_ = GND, lput_ = 90mA) vs. TEMPERATURE
MAX16948 toc11
: FB_=GND B
h S lout_=100mA g
J VSHDNi AND VsHDNZ - = 0.502 ouT- £
] svrdiv = =
= //
&3 0.500
Voui = Q
10V/div g i
= 0.498 SENSE2
& 7 \
1 Vourz B 496
10V/div = SENSE1
&
S 0494
S 0.492
200ps/div 45 20 5 3 5 80 105
TEMPERATURE (°C)
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MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

Typical Operating Characteristics (continued)

(VIN = 14V, Ta = +25°C, see the Typical Operating Circuits, unless otherwise noted.)

CURRENT-SENSE AMPLIFIER GAIN CURRENT-SENSE AMPLIFIER ERROR
vs. OUTPUT CURRENT vs. OUTPUT CURRENT
0.503 e 06 .
=052 HRY g £ 04 R\ s
= 0501 ,\\\\ g = 02 ,\\\\ g
o
3 0500 NN sense £ o NN SENSE?
= \ o \
£ 0.499 - S 02 <
= 4 = DO
< 0498 £ Z 04 N
Ll I — | << | H |
g3 0497 SENSET ¥§\ g 06 SENSET ~_
£3 0.496 5 08
= =
Z 0.495 £ 10
= &
S 0494 & 12
0.493 S 4
0492 FB=GND " FB=GND
0 50 100 150 200 250 300 0 50 100 150 200 250 300
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
VSENSE_ vs. RSENSE_ VREG VS. IREG
50 o 55 -
FB_=GND E E
45 Tlour_=300mA g g 50 ) g
40 / e 45 z
35 10
= -
o 30 \>(3 35
2 25 =
= 20 / -
15 25
20
1.0
05 / 15
0 1.0
0 1 2 3 4 0 10 20 30 40
Rsense_ (ke2) IREG (MA)
LINE TRANSIENT LINE TRANSIENT
(FB_ = REG, lgyt_ = 50mA) (Vout_=5V, lout_=50mA)
MAX16948 toc17 MAX16948 toc18
LI R L
VIN 18y ViN
10V/div v 10V/div
""""" o o N
it (AC-COUPLED) ; l : " (AC-COUPLED)
S e 10mV/div R R 10mV/div
""""" I A T T
---E--l s S i (AC-COUPLED) e Sorsttesmmsined (AC-COUPLED)
o o 10mV/div o oo 10mV/div
1ms/div 1ms/div
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MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

Pin Configurations

TOP VIEW TOP VIEW g E |8 2
X ' ! b ! b ' b |
+ 1120 11 100 19
N.C. |I MAX16948 E FB oo oo oo
ourifzf | p [15] ki L N ) 117
SHONT [ 3 | - | [74] senset
! . FB1 |14 A |-
IN[4] S EED MAX16948 ! )
our2 [ | - |[A7] sense2 oUTH| 16} 4 AR
EYO] I © 1 [A0] ume
ABEIEREIINEY
REG [ 8] p [ 9] FB2 = = B o
- B
QSOP-EP/QSOP TQFN
*CONNECT EP TO GND. (4mm x 4mm)
Pin Descriptions
PIN
QSOP/ NAME FUNCTION
QSOP-EP TQFN-EP
1 15 N.C. No Connection. Not internally connected.
LDO/Switch Output 1 to Remote Load. Bypass OUT1 to GND with >1uF in parallel with
2 16 OUTH . . -
100nF low-ESR ceramic capacitors for regulator stability.
3 y SHONT Active-Low Shutdown Input for OUT1. SHDN1 is pulled to GND with an internal 500kQ
resistor.
Input Voltage. Bypass IN to GND with an electrolytic capacitor with a minimum value of 10uF
4 2 IN . . ) L
and a low-ESR ceramic capacitor with a minimum value of 0.1uF.
5 3 SHDNG Active-Low Shutdown Input for OUT2. SHDN2 is pulled to GND with an internal 500kQ
resistor.
LDO/Switch Output 2 to remote load. Bypass OUT2 to GND with >1uF in parallel with 100nF
6 4 ouT2 . . o
low-ESR ceramic capacitors for regulator stability.
7 5 GND | Ground
8 6 REG Internal 5V Regulator. Provides supply for internal low-voltage blocks, SENSE_, and LIM_
outputs.
Feedback Input for Setting the OUT2 Voltage. Connect FB2 to GND to select current-limited
9 7 FB2 switch operation. Connect to an external resistive divider for adjustable output-voltage
operation. Connect FB2 to REG to choose the internal resistive divider for the 8.5V regulator
option.

Maxim Integrated



MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

Pin Descriptions (continued)

PIN

QSOP/
QSOP-EP

TQFN-EP

NAME FUNCTION

10

Output of Current Sense for Limiting. This output is proportional to current flowing through
LIM2 | OUT2. The internal current-limit amplifier is tripped when the voltage on LIM2 reaches 2.5V.
Connect a resistor to GND to set the level for current limitation and a 0.1pyF capacitor in par-
allel for frequency compensation of the current-limit loop.

11

Output of Current Sense for Sensing. The current of SENSE2 is proportional to the current
SENSE?2 | flowing through OUT2. Connect a resistor from SENSE2 to GND to set the output voltage
level. Additionally, connect a 0.1uF capacitor from SENSE2 to GND.

12

10

m
By}
uy)
N

Open-Drain Fault Indicator Output 2

13

11

m
By}
my)
e

Open-Drain Fault Indicator Output 1

14

12

Output of Current Sense for Sensing. The current of SENSE1 is proportional to the current
SENSE1 | flowing through OUT1. Connect a resistor from SENSE1 to GND to set the output voltage
level. Additionally, connect a 0.1uF capacitor from SENSE1 to GND.

15

13

Output of Current Sense for Limiting. This output is proportional to current flowing through
OUT1. The internal current-limit amplifier is tripped when the voltage on LIM1 reaches 2.5V.
Connect a resistor to GND to set the level for current limitation and a 0.1uF capacitor in par-
allel for frequency compensation of the current-limit loop.

LIM1

16

14

Feedback Input for Setting the OUT1 Voltage. Connect FB1 to GND to select current-limited
switch operation. Connect to an external resistive divider for adjustable output-voltage
operation. Connect FB1 to REG to choose the internal resistive divider for the 8.5V regulator
option.

FB1

Exposed Pad (MAX16948A only). Connect EP to the ground plane for optimal heat dissipa-

EP tion. Do not use EP as the primary electrical ground connection.

Maxim Integrated



MAX16948

Automotive Dual Remote Antenna
Current-Sense LDO/Switch

Functional Diagram

' ; ; C L outy
" - i e
s T e
; I-SENSE CHARGE ;
| PUMP :
! i REF !
| -LIM (25V) E
| P () CURRENT E
: LIMIT L | ey
N ) N R I B
E ] Y
; REVERSE | | - - S
: DIAGNOSTICS |_OUT>IN_ | CONTROL [ Sronz
; OUT>IN | FB_>110% —
; FB> 12V > ERRT
| - ERR?
5 o 4
! CURRENT '
- : TEMPERATURE
E SOURCES Loty SENSOR
5 i REF
I ! y REG
: é 5 é 5 b MAX16948 REG
I
LIM1/  SENSE1 GND
LIM2  SENSE2

Detailed Description

The MAX16948 is a dual high-voltage, current-sensing
LDO/switch designed to operate with an input voltage
range from 4.5V to 28V (45V load dump tolerant). The
device provides phantom power over coax cable to
remote radio frequency low-noise amplifiers (LNAS) in
automotive systems with a maximum current of 300mA
per channel. The device also provides a fixed regulated
output voltage of 8.5V, an adjustable 1V to 12.5V output
voltage, or the device can be configured as a switch. The
device is ideal for providing phantom power to remote
radio-frequency LNAs in automotive applications.

Maxim Integrated

The device monitors the load current, and its current-
sense outputs provide a current proportional to the
sensed load current. An accurate programmable current
limit protects the input supply against both overcur-
rent and short-circuit conditions. The device features
open-drain fault indicator outputs and overtemperature
shutdown.

The device features short-to-battery protection to latch off
the internal LDO/switch during a short-to-battery event.
During a thermal overload, the device reduces power
dissipation by going into thermal shutdown. It includes
dual independent, active-low, high-voltage-compatible
shutdown inputs to place each channel in a low-power
shutdown mode.
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MAX16948

Automotive Dual Remote Antenna

Fault Detection
The device monitors the load current through an internal
sense resistor to protect against short-circuit, short-to-
battery, and reverse current faults. In addition, the device
also detects input and output overvoltage conditions and
features thermal shutdown.

Short Circuit and Overcurrent
The current limit of each channel is programmed with
an external resistor connected to the output of the cur-
rent sense amplifiers LIM_ to protect the device during
short-circuit or overcurrent conditions. When the voltage
at LIM_ reaches the internal 2.5V threshold, the output
current of the LDO/switch is limited, and ERR_ asserts
low but the output is not disabled. The ERR_ and LIM_
outputs should be monitored by the uC, and the channel
experiencing the short-circuit or overcurrent condition
should be disabled by pulling SHDN_ low. If this condi-
tion persists, thermal shutdown could occur and both
outputs could be disabled.

Short-to-Battery and Reverse Current Detection
It is possible for OUT_ to be shorted to the battery due
to a fault in the system. Each channel detects this failure
by comparing the voltage at OUT_ and IN before the
switch turns on. Every time the LDO/switch is enabled on
the rising edge of SHDN_ or during the exiting of thermal
shutdown, the short-to-battery detection is performed. At
this point, if the device detects the short-to-battery fault,
the LDO/switch stays off and ERR_ is asserted low. The
fault is latched, and the startup resumes when the short-
to-battery fault is removed and SHDN_ is toggled.

During normal operation if a short-to-battery fault results
in reverse current for more than 5pus (typ) the LDO/switch
is latched off and ERR_ is asserted low. To remove the

Table 1. Fault Response

Current-Sense LDO/Switch

latched condition after a short-to-battery (reverse current)
fault, the fault condition must first be removed and SHDN_
must be toggled.

Series inductance and the output capacitor can produce
ringing during large load transients when enabling the
LDO/switch, resulting in an output voltage that temporarily
exceeds the input voltage. Blanking is implemented during
startup. The reverse current blanking time (tRev_BLANK) is
16ms (typ).

When the MAX16948 is operated with input voltage close
to the output voltage, as in switch mode operation or LDO
mode in dropout, care must be taken to avoid a false
reverse current detection in the presence of a short circuit
to ground fault. If both channels are enabled and one chan-
nel is shorted to ground after startup, the current drawn
from Cy may result in a temporary dip in the intput voltage,
which may trigger the reverse current detection fault. To
aovoid this false trigger event, use an electrolytic capacitor
of at least 100pF.

Thermal Shutdown
Thermal shutdown circuitry protects the device from
overheating. The switch turns off immediately when the
junction temperature exceeds +160°C (typ). The switch
turns on again after the device temperature drops by
approximately 15°C (typ).

FB Inputs (FB1/FB2)
FB1 and FB2 control the output voltage on OUT1 and
OUT2. Connect FB_ to GND to select current-limited
switch operation. Connect to an external resistive divider
for adjustable output voltage operation (feedback volt-
age 1V (typ)). Connect FB_ to REG to choose the internal
resistive divider for the 8.5V regulator option.

DEVICE STATUS Vi (V) VERR LDO/SW OUTPUT LATCHED
Normal Operation 0<Vim <25 High Enabled No
Short g\l/rgfclhlt’?e(thD or 2.5 Low Enabled No
Vout > VN at Startup 0 Low Disabled Yes
Reverse Current 0 Low Disabled Yes
Veg > 1.2V 0 High Enabled No
Input Overvoltage 0 Low Disabled No
Thermal Shutdown 0 High Disabled No

Maxim Integrated
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Undervoltage and Overvoltage Lockout
The device includes undervoltage lockout circuitry
(UVLO) to prevent erroneous switch operation when the
input voltage goes below 4.45V (max) during startup and
brownout conditions. Input voltages of less than 4.45V
inhibit operation of the device by turning off the internal
charge pump and the switch.

The device also features an overvoltage lockout (OVLO)
threshold of +21V (typ). When V| is greater than Voy| O,
the device immediately turns off the switch and the inter-
nal charge pump.

Shutdown (SHDN1, SHDN2)
The device features two active-low shutdown inputs
(SHDN1, SHDN2) to place the device in a low-power
shutdown mode. SHDN1 controls OUT1 and SHDN2
controls OUT2. The device turns off both channels and
consumes a maximum of 7pA (at VN = 12V) of shutdown
current when both SHDN1 and SHDN2 are low. Driving
SHDN1 and/or SHDN2 high initiates device turn-on with
short-to-battery detection. SHDN1 and SHDN2 are pulled
to GND with an internal 500kQ resistor.

Internal Voltage Regulator (REG)
The device features an internal regulator that regulates
the input voltage to +5V to power all internal circuitry.
Bypass the regulator output (REG) to GND with a 1pF
ceramic capacitor. The REG output can be used to sup-
ply external circuitry up to a maximum 15mA current.

Applications Information/External
Component Selection

Fixed/Adjustable Output Voltage
The device is configurable to provide a fixed 8.5V output
or as an adjustable LDO with an output between 1V and
12.5V. Connect FB_ to REG to configure the device as
an 8.5V LDO. Connect a resistive divider between OUT_,
FB_, and GND to set the output to the desired voltage.
FB_ is regulated to 1.0V with £3% accuracy for a load
current between 5mA and 150mA. Select a value for R2
and calculate R1 as follows:

v
Rt :{ OUT. —1JR2
VFB_

where R2 must be less than or equal to 1kQ. Select R1
and R2 such that the maximum input bias current at FB
(£0.5pA) is negligible compared to the current flowing
through R1 and R2.

Maxim Integrated

Current-Sense LDO/Switch

Current-Limit Resistor and

Capacitor Selection

The current-sense outputs at LIM1/LIM2 are proportional

to the load current at OUT1/OUT2 and are internally con-

nected to a current-limit comparator referenced to 2.5V.

The desired current limit is set with an external resistor
RLim_using the following equation:

2.5V
RUM_(Q) = o, ( )
0.5% 1L oAD_MAX(A)

A 0.1uF compensation capacitor Cjv_ must be placed
in parallel with Ry jp_ to establish a dominant pole in the
current limiting loop to maintain stability and to prevent
fast current transients from prematurely triggering the
current limit.

Current-Sense Resistor Selection
The current-sense outputs SENSE1/SENSE2 are pro-
portional to the load current at OUT1/OUT2. An output
resistor Rgenge_ must be connected between SENSE1/
SENSE2 and GND to generate a current-sense voltage
prior to sampling by an ADC. RggnsE is calculated using
the following equation:

Vapcrs(V)
RSENSE_(Q):OE)CV ey
5% xI 0AD_MAX(A)

where Vapc Fs is the full-scale input voltage of the ADC. A
0.1uF capacitor Cggnsg should be placed in parallel with
Rsense to hold the voltage during ADC sampling cycles.

In addition to ADC sampling, open-load or overcurrent
conditions can be detected by using external comparators
and splitting RseNSE_ into a resistive divider as shown in
Figure 1. In this circuit the outputs of comparators U1 and

&

SENSE_

Voc

MAX16948

VoL

Figure 1. Open-Load and Overcurrent Detection Circuit
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Table 2. Open-Load and Overcurrent-
Detection Circuit States

(o] oL STATE
0 0 Normal Operation
0 1 Open-Load Condition
1 0 Overcurrent Condition
1 1 Invalid State

U2 indicate the operating state of the circuit as shown in
Table 2.

The open-load and overcurrent limits are set using the
following equations:
B VoL TH(V)

0.5% xIoPEN-LOAD(A)

R5(Q)

where Vo TH is the open-load voltage threshold for
comparator U2 and lopeN-LOAD is the desired open-load
threshold for the current flowing through the LDO/switch.

VocTH(V)

R4(QY) =
0.5% xIoVERCURRENT(A)

-R5

where Voc TH is the overcurrent voltage threshold for
comparator U1. |ovERCURRENT is the desired overcur-
rent threshold for the current flowing through the LDO/
switch and the internal current limit should be pro-
grammed such that I 0AD_MAX > |OVERCURRENT-
R3(Q2) = Rsense_ - R4 - R5

The open-load voltage threshold Vo TH and overcurrent
threshold Vo TH can be generated from REG utilizing a
resistive divider. The thresholds should be selected such
that Voc,TH > VoL, TH.

Maxim Integrated

Current-Sense LDO/Switch

Input Capacitor
Connect a parallel electrolytic capacitor and a low-ESR
ceramic capacitor from IN to GND to limit the input-
voltage drop during momentary output short-circuit con-
ditions and to protect the device against transients due
to inductance on the IN line. For example, use at least a
0.1uF ceramic capacitor in parallel with a 10uF electro-
lytic capactior if the input inductance (including any stray
inductance) is estimated to be 20uH. Larger capacitor
values reduce the voltage undershoot and overshoot in
case of reverse current.

Output Capacitor
Connect >1pF in parallel with 0.1pF low-ESR ceramic
capacitors between OUT1/OUT2 and GND for regulator
stability. These capacitors should be placed as close to
the device as possible. Utilize capacitors with an X7R
dielectric to ensure stability over the operating tempera-
ture range of the device.

In an analogous fashion to the input capacitor, an output
capacitor protects the device against transients due to
any series inductance in the output. Under no conditions
should the voltage on OUT1/OUT2 go below -0.3V as
specified in the Absolute Maximum Ratings section. A
Schottky diode is required as a clamp if transients are
expected to go below ground.

13
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Typical Operating Circuits (continued)

2.5kQ

0.1yF
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MAX16948
SENSET LM
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Ordering Information

Package Information

PART TEMP RANGE  PIN-PACKAGE
MAX16948AGTE/N+  -40°C to +105°C 16 TQFN-EP**
MAX16948AGEE/N+  -40°C to +105°C 16 QSOP-EP**
MAX16948BGEE/V+*  -40°C to +105°C 16 QSOP

/V denotes an automotive qualified part.
+Denotes a lead(Pb)-free/RoHS-compliant package.
*Future product—contact factory for availability.

**EP = Exposed pad.

Chip Information

For the latest package outline information and land patterns (foot-
prints), go to www.maximintegrated.com/packages. Note that a
“+7“#”, or “-” in the package code indicates RoHS status only.
Package drawings may show a different suffix character, but the
drawing pertains to the package regardless of RoHS status.

PROCESS: BiCMOS

Maxim Integrated

PACKAGE | PACKAGE | OUTLINE LAND
TYPE CODE NO. PATTERN NO.

16 TQFN-EP | T1644+4 | 21-0139 90-0070

16 QSOP-EP | E16E+9 21-0112 90-0240

16 QSOP E16+5 21-0055 90-0167
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 9/11 Initial release —

1 4/12 Updated maximum output voltage 1, 3,10, 12
2 5/13 Added light-load current-sense specs to Electrical Characteristics table 3
Maxim

integrated.
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