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65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

General Description

The MAX5023/MAX5024 high-voltage linear regulators
operate from a +6.5V to +65V input voltage and deliver
up to 150mA of output current. These devices consume
only 60pA of quiescent current with no load and with-
stand a -60V reverse-battery voltage at the input. The
MAX5023/MAX5024 include an active-low internal
microprocessor (UP) reset circuit that asserts when the
regulator output drops below the preset output voltage
threshold by 7.5% or 12.5%, depending on the device
selected. Both devices are available with a fixed +3.3V
or +5V output. These devices are short-circuit protected
and include thermal shutdown.

In addition to an enable input to turn on or off the regu-
lator, the MAX5023/MAX5024 include a HOLD input
that allows for the implementation of a self-holding
circuit without requiring external components. Setting
HOLD low after enabling the regulator, forces the regu-
lator to remain on even if EN is subsequently set low.
Releasing HOLD shuts down the regulator.

The MAX5023 includes a watchdog input that monitors a
pulse train from the uP and generates reset pulses if the
watchdog input remains high or low for a duration longer
than the 1.6s watchdog timeout period. The MAX5024
includes a SET input which, when connected to ground,
selects a preset output voltage of +3.3V (MAX5024S/
MAX5024T) or +5V (MAX5024L/MAX5024M). Set the
adjustable output voltage by connecting SET to the regu-
lator’s output through a resistive-divider network.

The MAX5023/MAX5024 operate over the automotive
temperature range (-40°C to +125°C) and are available
in a thermally enhanced, surface-mount 8-pin SO-EP
package.

Applications
Automotive Fire/Smoke Alarms
Industrial Telecom/Networking

Home Security

N AKX/

Features

4 Wide Operating Input Voltage Range
+6.5V to +65V

4 Thermally Enhanced 8-Pin SO Package with
Exposed Pad Dissipates 1.5W

Guaranteed 150mA Output Current

60pA No-Load Supply Current

-60V Reverse-Battery Protection

Preset +3.3V or +5.0V Output Voltage

Thermal and Short-Circuit Protection

Operate Over -40°C to +125°C Temperature Range
Integrated yP Reset Circuit

® & & 6 o o o o

Watchdog Timer with 1.6s Timeout Period
(MAX5023)

¢ Regulator Enable and Hold Inputs Implement
Self-Holding Circuit

4 SET Input for Adjustable Output Voltage
(MAX5024)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX5023_ ASA -40°C to +125°C 8 SO-EP*
MAX5024_ ASA -40°C to +125°C 8 SO-EP*

Note: These parts offer a choice of reset thresholds, reset
threshold tolerances, and regulator output voltages. From the
Selector Guide, insert the desired sulffix letter into the blank to
complete the part number.

*EP = Exposed Paddle.

Selector Guide and Typical Operating Circuit appear at end
of data sheet.

Pin Configurations

TOP VIEW
] | 2] our W[ | L [2] our
o [2] | MAXAM [7] N [2] | MAXIM: [7] s
g L MAXs023 ] B L MAXs024 o
aND [3] ! i [e] ne GND [3] {[e] ne.
ReseT [4] |  [5] oo ReseT [4] |  [5] o
SO-EP SO-EP
MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

ABSOLUTE MAXIMUM RATINGS

................................................................ -60V to +70V Thermal Resistance:
...................................... -0.3V to (VIN + 0.3V) (64A) .....B2°C/W
-0.3V to (Vour + 0.3V) (BUC) + vttt 2°C/W
SET, WDI, OUTto GND ....ooooviiiiiiiiiiece -0.3Vto +13.2V Operating Temperature Range ......................... -40°C to +125°C
RESET to GND (Open Drain) ...-0.3Vto +13.2V Junction Temperature............cooccooiiiiiiiiii +150°C
Short-Circuit Duration.........cccooveoiiiiiiii Continuous Storage Temperature Range ............ccoccevveenn. -65°C to +150°C
Maximum Current to Any Pin (Except IN, OUT).............. +20mA Lead Temperature (soldering, 10S) .........ccooevviiiiiiiien.. +300°C

Continuous Power Dissipation (Ta = +70°C)
8-Pin SO-EP (derate 19.2mW/°C above +70°C) ........ 1538mwW

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to

MAX5023/MAX5024

absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VIN = +14V, louT = 1mA, CiN = 10uF, Cout = 15uF, VEN = +2.4V, HOLD = open, 10kQ from RESET to OUT, Ta = -40°C to +125°C,
unless otherwise noted. Typical specifications are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage Range VIN VIN must be at least 1.5V greater than VouT 6.5 65 \
Reverse Input Current IREVERSE | VIN = -60V 0.1 10 uA
louT = OMA 58 140
Supply Current o) Measured at GND PA
louT = 150mA 2000
Shutdown Supply Current ISHDN VEN = +0.4V 6 16 PA
REGULATOR
Guaranteed Output Current louT Vout = +5V 150 mA
SET = QND, lout = TmA to 150mA, 48 5 50
5V version
Output Voltage V = = Vv
p g ouT SET GND, louT = TmA to 150mA, 3168 33 3432
3.3V version
louT = 5BmA, adjustable version (MAX5024) 25 11
Dropout Voltage AVDO ILoAD = 150mA, Vout = +5V (Note 2) 0.9 15 V
) Rising edge of V|N to VourT, RL = 500,
Startup Response Time SET = GND 400 ys
+5V version -1 +1
Line Regulation AVOUT/ | gy < vy < +65V , MV
AVIN +3.3V version -0.5 0.5
EN = high, regulator on 2.4
Enable Voltage VEN V
EN = low, regulator off 0.4
VEN = +2.4V 0.5
Enable Input Current IEN PA
VEN = +14V 4
HOLD Voltage ViL Regulator on, EN transition from high to low 0.4 \
oS _ Vour -
HOLD Release Voltage ViH EN = low, regulator shuts off 0.4V \
HOLD Pullup Current [HOLD Internally connected to OUT 4 uA
SET Reference Voltage VSET lout = 10mA 1.223 1.248 1.273 V
SET Input Leakage Current ISET 0.5 100 nA
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65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

ELECTRICAL CHARACTERISTICS (continued)

(VIN = +14V, louT = 1mA, C|N = 10uF, Cout = 15uF, VEN = +2.4V, HOLD = open, 10kQ from RESET to OUT, Ta = -40°C to +125°C,
unless otherwise noted. Typical specifications are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Load Regulation AvVout/ lout = TmA to 150mA 1 mV/mA
Alout
) . . lout = 10mA, f = 100Hz, 500mVp-p,
Power-Supply Rejection Ratio PSRR VoUT = 45V 54 dB
Short-Circuit Current Isc VIN = +8V 175 300 mA
Thermal-Shutdown o
Temperature TU(SHDN) 150 C
Thermal-Shutdown Hysteresis ATJ(SHDN) 20 °C
RESET CIRCUIT
MAX502_L, SET = GND 4.50 4.625 4.75
MAX502_M, SET = GND 4.25 4.375 4.50
MAX502_T, SET = GND 2.970 3.052 3.135
MAX502_S, SET = GND 2.805 2.887 2.970
Reset Threshold VTH Vv
MAX5024L/T, SET = Divider 0.925 x
(Figure 1) (Note 3) VouTt
MAX5024M/S, SET = Divider 0.875 x
(Figure 1) (Note 3) Vout
Reset Timeout Period tRP 140 200 260 ms
VourT to Reset Delay tRD Vour falling 5 us
Vout = +1.0V, IsINK = 50pA, 03
RESET asserted ’
\(/)cafan_s r(?\;r;t:EsET o v Vour = +2.85V, IsiNK = 1.2mA, 0.3 v
g oL RESET asserted ’
VouT = +4.25V, IsINK = 3.2mA, 0.4
RESET asserted '
Open-Drain RESET Output- [ _
Leakage Current ILKG RESET not asserted, VRESET = +11V 1.0 uA
WATCHDOG FUNCTION
Watchdog Timeout Period twD 1.12 1.6 2.08 s
WDI Pulse Width twDlI (Note 5) 50 ns
ViL 0.4
WDI Input Voltage v
VIH 2.4
WDI Input Current IwDI WDI = GND -1 +1 pA

Note 1: Limits at -40°C are guaranteed by characterization and not production tested.

Note 2: Dropout voltage is defined as VIN - VouT when Vout is 100mV below the value of VouT for ViN = VouT + 3V.
Note 3: Vourt = VseT (1 + R1/R2) = 1.248V (1 + R1/R2).

Note 4: RESET is guaranteed to be in the correct logic state for Vout > +1V.

Note 5: Guaranteed by design, not production tested.

MAXIMN 3
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MAX5023/MAX5024

65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Typical Operating Characteristics
(VIN = +14V, CiN = 10uF, Cout = 15uF, VEN = +2.4V, VouT = +5V, SET = GND, Ta = +25°C, unless otherwise specified.)

OUTPUT VOLTAGE NO-LOAD GROUND CURRENT SHUTDOWN SUPPLY CURRENT
vs. INPUT VOLTAGE vs. TEMPERATURE vs. TEMPERATURE
55 . 100 ‘ ‘ ‘ s 20 g
50 g % —— £ g
45 z g0 |—L Vin=165V LA 17 E
40 70
= 35 = 60 | Vy=+14v = z
< 30 ] [ B, =
2 I 2 50 ]
= 25 & =
| 40 |—-Vi=+65V < 1
2.0 ’
15 30 /
| 20 8 va
1.0 =
05 lout = 0mA 7 10 |
0 e 0 5
0 5 10 15 20 25 30 35 40 45 50 55 60 65 40-25-10 5 20 35 50 65 80 95 110125 40 -25-10 5 20 35 50 65 80 95 110125
Vi (V) TEMPERATURE (°C) TEMPERATURE (°C)
OUTPUT VOLTAGE GROUND CURRENT OUTPUT VOLTAGE
vs. TEMPERATURE vs. TEMPERATURE vs. LOAD CURRENT AND TEMPERATURE
525 - 2.25 8 55 g
5.20 g 200 PN g 54 g
Z N — £ £
515 2 175 ~_| | E 53
. L
510 T 52
| T 1.50  |—lLoap = 150mA ILoAD = 50mA
= 505 — | = — 51 |
S ERES N y
5 5.00 = 5 50
>C’495 F100 5 £ i L)
: . T _ T
075 f—+ b lLogp =100mA |1 '~ 150mA
4.90 ILoAD = 100mA 48
485 0.50 47
480 025 |0 Leorh 46
lout = TmA LOAD 90T
475 i 0 R 45
40 -25-10 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125 40 -25-10 5 20 35 50 65 80 95 110125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
DROPOUT VOLTAGE POWER-SUPPLY REJECTION RATIO
vs. LOAD CURRENT vs. FREQUENCY LOAD-TRANSIENT RESPONSE
MAX5023 toc09
150 5 0 2 S
135 g 10 g
1.20 2 E A, A
= 105 A Vout b
& R 100mv/div = p— Jr——
= 090 g ¥ LI
<] — | = L7
= 075 £ 40
S 060 — /|
S / -
S 045 6 / lout
0.30 P 100mA/div
0.15 a -70 Cour = 15uF -
: Vour =5V lour = 10mA
0 | -80 TR .
10 30 5 70 9 110 130 150 0.1 1 10 100 1000 200us/div
ILoAD (MA) FREQUENCY (kHz)
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65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Typical Operating Characteristics (continued)
(VIN = +14V, CiN = 10uF, Cout = 15uF, VEN = +2.4V, VouT = +5V, SET = GND, Ta = +25°C, unless otherwise specified.)

ENABLE STARTUP RESPONSE

INPUT VOLTAGE STEP RESPONSE STARTUP RESPONSE (Vin = +14V)
IMAX5023 toct MAX5023 toc11 MAX5023 toc1
] Ven=ViN I
5V 5V louT = TMA e ] Ven
Vour / 1/div
1V/div |
f
| =g
]
65V y 1V/div |
I
v { Vour
ggv/dli’\\/‘ : ov —_-nnl"'l : 2V/div
: 65V I
Ven=Vin ViN i
6.5V |r——— lour =1mA 50V/div . lout =0mA
ov .
200us/div 200us/div 100us/div
ENABLE STARTUP RESPONSE (V| = +14V) ENABLE STARTUP RESPONSE (V| = +65V) ENABLE STARTUP RESPONSE (V|y = +65V)
MAX5023 toc13 MAX5023 toc14 MAX5023 toc15
VeEn VEn VeEn
1V/div 1V/div 1V/div
pr—or_ po—- p—
Vour Vout Vour
2V/div 2V/div 2V/div
lout = 150mA louT = 0mA lout = 150mA
100us/div 100us/div 100us/div
SHUTDOWN RESPONSE ENABLE AND HOLD TIMING
MAX5023 toc16 MAX5023 toc17
Ven ————— ]
1V/div Ven
svidiv [
o oo i O I N O N
T— 5V/div
Vour \
2V/div |
Vout }
\-_____‘_‘______ svdiv = L A
lour = TmA .
40ms/div 200ms/div

MAXIMN 5
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MAX5023/MAX5024

65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Typical Operating Characteristics (continued)

(VIN = +14V, CiN = 10uF, Cout = 15uF, VEN = +2.4V, VouT = +5V, SET = GND, Ta = +25°C, unless otherwise specified.)

GROUND-CURRENT DISTRIBUTION

GROUND-GURRENT DISTRIBUTION

(Ta = +40°C) (Ta=+125°C)
30 2 30 E
25 18 g 25 g
‘é 20 18 ‘é’ 20 11— ———
5 =
g 15 il e 1
s s
2 q i oo 2 9
5 HH I 5
0 J.J.[ 1 I ].J.J. o lnlmllll mln
47 48 51 52 53 54 55 56 57 58 59 60 61 80 45 53 56 57 58 59 60 61 62 63 64 65 89
lonp (uA) IaND (uA)
Pin Description
PIN
NAME FUNCTION
MAX5023 | MAX5024
1 ’ IN Regulator Input. Supply voltage ranges from +6.5V to +65V. Bypass with a 10uF capacitor to
GND.
Enable Input. Force EN high to turn on the regulator. Pull EN low and force HOLD high (or
2 2 EN open circuit) to place the device in shutdown mode. Internally connected to ground through a
5MQ resistor.
3 3 GND Ground. GND also functions as a heatsink. Solder to large pads or the circuit-board ground
plane to maximize thermal dissipation.
Active-Low Open-Drain Reset Output. RESET remains low while VouT is below the reset
4 4 RESET threshold or when WDI is not pulsed within 1.6s. RESET remains low for the duration of the
reset timeout period after the reset conditions are terminated.
Regulator Hold Input. When HOLD is forced low, the regulator stores the on state of the
5 5 HOLD output allowing the regulator to function even if EN is pulled low. To shutdown the regulator,
release HOLD after EN is pulled low. If HOLD is unused, either float HOLD or connect to OUT.
Internally connected to OUT through a 4pA pullup current source (see Table 1, Truth Table).
6 6 N.C. No Connection. Not internally connected.
7 . WDI Watchdog Timer Input (MAX5023 only). The watchdog timer asserts a reset if WDI does not
transition within the 1.6s watchdog timeout period. WDI eannot be disabled.
8 8 ouT Regulator Output. Fixed (+3.3V or +5V) or adjustable (+2.5V to +11V). Bypass with a 15uF
capacitor (min).
Feedback Input for Setting the Output Voltage. Connect to GND to set the output voltage to
— 7 SET the preset fixed value (+3.3V or +5V). Connect to an external resistor-divider network for
adjustable output operation (MAX5024 only).
EP EP PAD Exposed Pad. Connect pad to GND.

MAXI N




65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Detailed Description

The MAX5023/MAX5024 high-voltage linear regulators
include an integrated PP reset circuit and watchdog
timer/adjustable output voltage. The devices guarantee
150mA load drive and are available with preset output
voltages of +3.3V or +5V. The MAX5023 features a
watchdog timer (WDI) with a 1.6s timeout period. The
MAX5024 offers an adjustable output voltage using an
external resistive-divider network between SET and
OUT. The internal reset circuit monitors the regulator
output voltage and asserts a reset output when the reg-
ulator output falls below the uP supply tolerance. Other
features include reverse-voltage protection to -60V,
enable (EN) and hold (HOLD) regulator control inputs,

16pA (max) shutdown current, short-circuit protection,
and thermal shutdown.

Regulator
The regulator accepts an input voltage range from
+6.5V to +65V. The MAX5023/MAX5024 offer fixed out-
put voltages of +3.3V and +5V. The MAX5024 also fea-
tures an adjustable output voltage that is implemented
with an external resistive-divider network connected
between OUT, SET, and GND (Figure 1). The MAX5024
automatically determines the feedback path depending
on the voltage at SET. Featured characteristics include
reverse-voltage protection to -60V and enable and hold
regulator control inputs. The Typical Operating Circuit
shows a self-holding configuration for the MAX5023.

Functional Diagram

N
+6.5V 10 +65V I REVERSE BATTERY PROTECTION |—<
out
4uA
HOLD
1 controL |
EN LOGIC BANDGAP
— REFERENCE
25Vt +11V
ouT
THERMAL
SENSOR )
R
CURRENT @ - SET
SENSORAND | (MAX5024 ONLY)
REGULATOR
R2
TO INTERNAL SHUTDOWN
CIRCUITRY 1
RESET
WP WATCHDOG 200ms J
TIMER AND TIMEOUT
L0GIC PERIOD 1
“MAX5023 ONLY. GND =

Figure 1. Functional Diagram

MAXIMN
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MAX5023/MAX5024

65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

EN —

Vour WHEN WATCHDOG ISHELD ~ WDI OV

1
HIGH AND EN = HIGH |
|

RESET OV ————

WDI HELD HIGH

! POR NORMAL OPERATION
| |
| BATT |
| |
VN — BATT |
W — |

Vout WHEN WATCHDOG ISHELD  wp; ov ; ‘ g

LOW AND EN = HIGH ! ;
RESET OV ——1—
1 1
Vour OV ——— 1
! !

| POR ! NORMAL OPERATION

WDI'HELD LOW

Figure 2. Watchdog Operation Timing Diagram

Reset Output
The reset supervisor circuit is fully integrated in the
MAX5023/MAX5024 and uses the same reference volt-
age as the regulator. RESET asserts during power-
up/down and brownout conditions. RESET goes low if
VouT drops below the preset output voltage threshold,
and remains low for 200ms (reset timeout period, tRp)
after VouT rises above the reset voltage threshold. For
the MAX5023 only, RESET also asserts when WDI does
not transition for 1.6s (watchdog timeout period, twp).
Two supply tolerance reset thresholds, -7.5% and
-12.5%, are available for each device type.

Watchdog Timer (MAX5023 only)
A watchdog timer asserts RESET if the watchdog input
(WD) is not toggled for 1.6s (watchdog timeout period,
twD). RESET remains low for 200ms (reset timeout peri-
od, trp). If the watchdog is not updated for lengthy
periods of time, the reset output appears as a pulse
train, asserted for 200ms, deasserted for 1.6s, until WDI
is toggled again. Once RESET asserts, it stays low for
the entire reset timeout period ignoring any WDI transi-
tions during the reset timeout period.

8

Figure 2 shows the Watchdog Operation Timing
Diagram. To prevent the watchdog from asserting
RESET, toggle WDI with a valid rising or falling edge
prior to twp (min) = 1.12s. The watchdog counter clears
when WDI toggles prior to twp or when RESET asserts.
The watchdog resumes counting after RESET deasserts.

Enable and Hold Inputs
The MAX5023/MAX5024 support two logic inputs, EN
(active high) and HOLD (active low), making these
devices “automotive friendly.” For example, the ignition
drives EN high, the regulator turns on and remains on
even if EN goes low, as long as HOLD is forced low
and stays low after initial regulator power-up. This fea-
ture makes it possible to implement a self-holding
circuit without external components. Release HOLD (an
internal current source connects HOLD to OUT) to turn
the regulator off.

Force EN low and HOLD high to place the MAX5023/
MAX5024 into shutdown mode. Shutdown mode draws
less than 16uA of supply current. Table 1 shows the state
of the regulator output with respect to the voltage level at

MAXIMN




65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

EN and HOLD. Figure 3 shows the timing diagram for the
enable and hold functions. Connecting HOLD to OUT or
floating HOLD allows the EN input to act as a standard
ON/OFF switch for the regulator output.

Thermal Protection
When the junction temperature exceeds Ty = +150°C, an
internal thermal sensor signals the shutdown logic that
turns off the pass transistor and allows the IC to cool.
The thermal sensor turns the pass transistor on again
after the IC’s junction temperature cools by 20°C, result-
ing in a cycled output during continuous thermal-over-

load conditions. Thermal protection protects the
MAX5023/MAX5024 in the event of fault conditions. For
continuous operation, do not exceed the absolute maxi-
mum junction temperature rating of Ty = +150°C.

Applications Information

Output Voltage Selection (MAX5024 only)
The MAX5024 features Dual Mode™ operation: it oper-
ates in either a preset voltage mode or an adjustable
mode. In preset voltage mode, internal trimmed feed-
back resistors set the MAX5024’s internal linear
regulator to +3.3V or +5V (see the Selector Guide).

Vin
A
VN
A
VEN, ON i) \ 5)
VEN, OFF
/ | .
>10us >10us
VHoLD ﬂr— ﬁ -——
A
VHOLD, REL \ ﬂ
2 \ ) 6)
VHOLD, FOLD 7)
Vour
A
VOUT (NOW) ============== === === === ‘ Y
8)
$200ms
Vi
RflSET
9)
3)
02v A _

1) ENABLE ACTIVE

2) HOLD INACTIVE, PULLED UP BY Vourt

3) POWER-ON RESET

4) HOLD ACTIVE, CLAMPED TO GND BY EXTERNAL uP
5)

ENABLE INACTIVE, CLAMPED BY INT, PULLDOWN RESISTOR

6) PULSE WIDTH SMALLER THAN 10us
7) HOLD INACTIVE, RELEASED BY uP
8) REGULATOR OUTPUT SHUTDOWN
9) OUTPUT-LOW RESET

Figure 3. Enable and Hold Behavior

Dual Mode is a trademark of Maxim Integrated Products, Inc.

MAXIMN
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MAX5023/MAX5024

65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Table 1. Truth Table for Regulator Output
State

ORDER | EN | HOLD | OUT COMMENTS
Initial state. EN has 5SMQ
1 Low X off internal resistor to ground.

HOLD has internal current
source to OUT.

Regulator output is active

2 | High | X0 On en EN is pulled high,

Hold is asserted forcing the
regulator output on even if
EN goes low.

3 High Low On

Self-holding state. Regulator

4 X Low On | output stays on regardless of
the state of EN.
Regulator output is

5 Low | High | Off [shutdown by releasing

HOLD while EN remains low.

+6.5V 70 +65V +25VT0 +11V
+1DF ' - +1 F
u MAXIMN Su
; MAX5024 ;
HOLD
ON
OFFf ——— &N R1
SET
0wP  1ges R2
GND

I

Vour = Vser (1+R1/R2)
Vger =1.248V
R2 = 1kQ TO 500kQ

Figure 4. Setting the MAX5024 Adjustable Output Voltage

X =Don't care.

Select preset voltage mode by connecting SET to
ground. In adjustable mode, select an output between
+2.5V and +11V using two external resistors connected
as a voltage-divider to SET (Figure 4). Set the output
voltage using the following equation:

Vout = VseT (1 + R1/R2)
where VSgT = 1.248V and R2 = 100kQ.

Available Output Current Calculation
The MAX5023/MAX5024 high-voltage regulator pro-
vides up to 150mA of output current. The input voltage
extends to +65V. Package power dissipation limits the
amount of output current available for a given input/
output voltage and ambient temperature. Figure 5
depicts the maximum power dissipation curve for these
devices. The graph assumes that the exposed metal
pad of the MAX5023/MAX5024 package is soldered to
1in2 of PC board copper.

Use Figure 5 to determine the allowable package dissi-
pation for a given ambient temperature. Alternately, use
the following formula to calculate the allowable pack-
age dissipation:

1.538W for Tp = +70°C
D 711,538 - 0.01923 (T - 70°C) for+70°C < T = +125°C

10

20 T T T T T T T T T T T 1 1 1
B[
16 loootooa 1638W_ 0 e
17 s e e s NS
S 12 b N DERATE -~~~
S0 [t J923mWC -t
B 08 |---t--dmm-tmm b bt mm oo G R i st
] I S
04 [ttt
02 e

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Ta(°C)

Figure 5. Maximum Power Dissipation vs. Temperature

After determining the allowable package dissipation,
calculate the maximum output current using the follow-
ing formula:

Po
lOUT MAX =————<150mA

(MAX) VIN - VouT
The above equations do not include the negligible
power dissipation from self-heating due to the IC
ground current.
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65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Example 1:
Ta = +95°C
VIN = +14V
VouT = +5V

Find the maximum allowable output current. First calcu-
late package dissipation at the given temperature as
follows:

Pp = 1.538W - (0.01923W/°C) (95°C - 70°C)
=1.057W

Then determine the maximum output current:

I =M =117.4mA
OUT(MAX) (14\/)_ (5\/)

Example 2:

Ta = +125°C

VIN = +14V

VouTt = +3.3V

Calculate package dissipation at the given temperature
as follows:

Pp = 1.538W - (0.01923W/°C) (125°C - 70°C)
=480.4mW
And establish the maximum current:

IOUT(MAX) = @80—4mV\/) =44.89mA
(14V)-(3.3v)

Example 3:

Ta = +50°C

VIN = +14V

VouTt = +5V

Calculate package dissipation at the given temperature
as follows:

Pp = 1.538W
And find the maximum output current:
(1.538W)
louT(max) = V) 5v) =170.9mA = loyT(Max) = 150mA

MAXIMN

MAXIMUM OUTPUT CURRENT
vs. INPUT VOLTAGE
0.16 e <
Vour =+5V E”
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Figure 6. Maximum Output Current vs. Input Voltage

In Example 3, the maximum output current is calculated
as 170.9mA, however, the maximum output current
cannot exceed 150mA. Use Figure 6 to quickly deter-
mine allowable maximum output current for selected
ambient temperatures.

Capacitor Selection and Regulator
Stability
For stable operation over the full temperature range
and with load currents up to 150mA, use a 15pF (min)
output capacitor with an ESR < 0.5Q. To reduce noise
and improve load-transient response, stability, and
power-supply rejection, use larger output capacitor val-
ues such as 22uF.

Some ceramic dielectrics exhibit large capacitance
and ESR variation with temperature. For dielectric
capacitors such as Z5U and Y5V, use 22uF or more to
ensure stability at temperatures below -10°C. With X7R
or X5R dielectrics, 15uF should be sufficient at all oper-
ating temperatures. For high-ESR tantalum capacitors
use 22uF or more to maintain stability. To improve
power-supply rejection and transient response use a
minimum 10uF capacitor between IN and GND.
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65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Selector Guide

RESET THRESHOLD V RESET
PRESET Vout (VTH) TSEERANCE WATCHDOG ADJUSTABLE
PART Vout- | Vour- TIMER REC?L#FI;\J?R
5V 3.3V 4.63V 4.38V 3.05V 2.89V 7.5% 12.5%

MAX5023L v — v — — — v — v —
MAX5023M v — — v — — — v v —
MAX5023T — v — — v — 4 — v —
MAX5023S — v — — — v — v v —
MAX5024L v — v — — — v — — 4
MAX5024M (4 — — v — — — v — v
MAX5024T — v — — 4 — v — — v
MAX5024S — v — — — v — v — v

MAX5023/MAX5024

Bold Items indicate standard versions. Samples are generally available on standard versions only. Contact factory for availability of non-
standard versions. Set MAX5024’s adjustable output voltage by connecting a resistive-divider from OUT to SET (see the Output Voltage
Selection section).

Typical Operating Circuit Chip Information

TRANSISTOR COUNT: 1382
PROCESS: BiCMOS

+6.5V 70 +65V
IN out

: Im“F MAXIM I15“F

= MAX5023

o— Ve

uP

IGNITION
SWITCH

10kQ

?
N RESET ©—| RESET
OFF[ - EN
WOl 110
HOLD /0

[<p}
=
o

IH

12 MAXIMN




65V, Low-Quiescent-Current, High-Voltage Linear
Regulators with uP Reset and Watchdog Timer

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

2]
i
I ?
EI EI EI EI [ EI EI EI EI INCHES MILLIMETERS o
DIM| MIN | MAX | MIN | maX @
A [ 0056 0066 143 | 168 o]
AL | 0000 | 0004 | 000 | 010 g
} B | 0014 | 0019 | 035 | 049 )
3 C [ 0007 [ 0010 [ 045 | 025 4
£ H M D [ 0485 0496 | 480 | 4.98 ©
i e [0050 BSC | 127 _BSC
| E [ 0450 | 0457 | 381 | 3.99
H | 0230 0244 581 | €20
E E E E E h | 0.010 | 0.016 | 025 | 0.4t
1 L [ 0016 | 0035 04t | 089
——] € | |— X —=| a |0 8 o 8
B X (mmd Y (mmd
PKG. | MIN | MAX | MIN | MaAX
SeE-12| 2184 | 2.388 | 2184 | 2388
T0P VIEW BUTTOM VIEW SBE-14] 2311 | 2515 | 2997 | 3200
"-‘-ih x 457
T
1 1 1 1 _L A ‘ \
E = — A
T 0=
D
C
Al
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH.
2, MOLD FLASH OR PROTRUSIONS NOT TO
EXCEED .1Smm (006" <
3. CONTROLLING DIMENSION: MILLIMETER @Qlﬁc!ﬁnlﬁéglv‘/]‘l/v‘
PROPRIETARY INFORMATION
4. MEETS JEDEC MS-012 EXCEPT DIMENSION AL e e TN
S. DIMENSIONS X AND Y DEFINE EXPOSED PAD METAL AREA. 8L SOIC, 150" EXPOSED PAD T
21-0111 B 1

Note: For exposed pad dimension, use S8E-14 package dimensions.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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