Advanced Power
Electronics Corp.

APE8837

DUAL CHANNEL LDO REGULATORS WITH ENABLE

FEATURES

Input Voltage Range : 2.5V to 6V

Output Current: 200mA/channel (typ.)

Varied Fixed Output Voltage Combinations
150mV Dropout at 100mA Output Current (Vout>2.8V)
Low Quiescent Current

Standby Current: 1uA (typ.)

Current Limit Protection is 300mA/channel
Short Current Protection:150mA(typ.)/channel
High PSRR

Fast Transient Response

Thermal Shutdown Protection

Low ESR Capacitor Compatible

Available in the Pb-Free SOT-26 Package
Halogen-Free

DESCRIPTION

The APE8837 is a high accurately, low noise, high
ripple rejection ratio, low dropout, dual CMOS LDO voltage
regulators with enable function. The EN function allows the
output of each regulator to be turned off independently,
resulting in greatly reduced power consumption.

The APE8837 has the soft start function to suppress
the inrush current. The current limit is over 300mA per
channel and also operates as a short protection for the
output current limiter. The output voltage for each regulator
is set independently by metal trimming.

The APE8837 is fully compatible with low ESR ceramic
capacitors, reducing cost and improving output stability. This
high level output stability is maintained even during frequent
load fluctuations, due to the excellent transient response
performance and high PSRR achieved across a broad range
of frequency. It is available in the SOT-26 (SOT-23-6L)

package.

TYPICAL APPLICATION

VIN
CIN l
1uF I EN2 VIN ENL
VOUT2 S b VOUTL
2  APE8837 3
OT 9 3 TQ
Courz C
2.ZUFI I Fun
- GND -
ORDERING INFORMATION
VOUT CODE (VOUT1+VOUT2)
APES8837 X X -HF A 1.5V+2.8V G 2.8V+1.8V
-———— Halogen-Free B |18v+2.8v| H |2.8v+3.0V
C 1.8V+2.6V J 2.8V+3.3V
| vouTt+vourz| | Package | D |18v+33v| K  |[3.0v+3.0V]
See the Table1 Y : SOT-26 E 2.5V+2.8V L 3.0V+3.3V
F 2.8V+1.2V M 3.3V+3.3V
Y 2.8V+1.5V P 1.8V+3.0V,
Tablel
Data and specifications subject to change without notice 1
200905194
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Advanced Power
Electronics Corp. APE8837
ABSOLUTE MAXIMUM RATINGS (at 1,=25°C)

Input Voltage (VIN) -0.3Vto 7V

Output Current (IOUT1+I0OUT2) ----------m--mmmmmemmeme 700mA

Output Voltage (VOUT1/VOUT2) --------mmmemmmmememm GND-0.3toV,y+0.3
Enable Voltage (VEN1/VEN2) ---------mmmememmemee - GND-0.3toV,y+0.3
Power Dissipation (SOT-23-6L) ------------=-mnmmmmm- 0.25W

Storage Temperature Range (Tgy) --------===---------- -40 to 150°C
Operating Temperature Range (Tgp) ----------------- -40 to 85°C

Junction Temperature Range (T) ---------==-==-=--—- -40 to 125°C

Note. Rthja is measured with the PCB copper area of approximately 1 in2(Multi-layer). That need connect to VIN pin.

PACKAGE INFORMATION

APEB8837
(Top View)

o

EN1[1 6 ]VOUT1
VIN2 5 ]GND
EN2[3 4 ]VOUT2

SOT-26
Rthja=250°C/W

ELECTRICAL SPECIFICATIONS

(Ta=25°C, unless otherwise noted.)

Parameter SYM TEST CONDITION MIN | TYP | MAX | UNITS
Input Voltage Vin Note1. 25 - 6 \%
Output Voltage Accuracy AVour loyr =1mA, V=5V, Vout > 2.0V 2 - 2 %
lout =1MA, V=5V ,Vout < 2.0V -0.04 - 0.04 \Y
Supply Current lec lout12=0mA, V\\=5V - 160 - uA
lout=0.1A, Vo=V0-2%, VOUT=1.5V - 800 | 1000
lout=0.1A, Vo=Vo0-2%, VOUT=1.8V - 500 | 700
Dropout Voltage Vorop lout=0.1A, Vo=Vo-2%, VOUT=2.5V - 190 | 250 -y
lout=0.1A, Vo=Vo-2%, VOUT=2.8V - 160 | 220
lout=0.1A, Vo=Vo0-2%, VOUT=3.0V - 140 | 180
lout=0.1A, Vo=V0-2%, VOUT=3.3V - 120 | 160
Current Limit (Note2) i VIN=VOUT (T) + 1.0V, VEN=VIN 300 - - mA
Short Circuit Current Isc Vour<1.0V, each channel - 150 - mA
Line Regulation AV Ne lour =1TmA, VIN=VOUT+1V to 6.0V - 0.2 0.3 %IV
Load Regulation (Note 3) AViopp  |lour =1~100mA, VIN=VOUT+1V - 0.01 [ 0.03 | %/mA
Ripple Rejection PSRR F=1KHz, oyt =30mA - 65 - dB
2
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Advanced Power

Electronics Corp. APE8837

ELECTRICAL SPECIFICATIONS(Cont.)

Parameter SYM TEST CONDITION MIN | TYP | MAX | UNITS

Output Voltage Temperature Coefficient lout=30mA (Note 4) - +100 - PPM/°C
V 2 - -

Enable Input Threshold ENH v
VENL - - 0.8

Shutdown Current Isp lout1,2 =0MA, V|\=5V, Vegnq1 =0V - 1 2 uA

Thermal Shutdown Temperature TST - 150 - °C

Thermal Shutdown Hysterisis TSH - 40 - °C

Note 1. V|N(min)=VOUT+VDROP

Note 2. Current limit is measured at constant junction temperature by using pulsed testing with a low ON time; V,y > 2.8V.

Note 3. Regulation is measured at constant junction temperature by using pulsed testing with a low ON time.

Note 4. Guaranteed by design.

PIN DESCRIPTIONS

PIN SYMBOL PIN DESCRIPTION
VIN Input Voltage
GND Common Ground Pin
EN1 VOUT1 Enable Control Pin
EN2 VOUT2 Enable Control Pin
VOUT1 Output1 Voltage
VOUT2 Output2 Voltage
BLOCK DIAGRAM
VIN
r—{ Current Current —
Limit2 Thermal Limit1 2
; Shutdown
-
“

VOUT2 E]—%—

i

il
L

GND

EN2

EN1
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Advanced Power
Electronics Corp. APE8837
FUNCTION DESCRIPTION

The APEB8837 is a highly accurate, dual, low noise, CMOS LDO voltage
regulators with enable function. The output voltage for each regulator is set
independently by fuse trimming. As illustrated in function block diagram, it consists of a
reference, error amplifier, a P-channel pass transistor, an ON/OFF control logic and an
internal feedback voltage divider. The band gap reference is connected to the error
amplifier, which compares the reference with the feedback voltage and amplifies the
voltage difference. If the feedback voltage is lower than the reference voltage, the
pass- transistor gate is pulled lower, which allows more current to pass to the VOUT
pin and increases the output voltage. If the feedback voltage is too high, the pass
transistor gate is pulled up to decrease the output voltage. The output voltage is feed
back through an internal resistive divider connected to VOUT pin. Additional blocks
include an output current limiter, thermal sensor, and shutdown logic.

Enable Function

EN1 and EN2 pin start and stop the corresponding outputs independently. When
the EN pin is switched to the power off level, the operation of all internal circuit stops,
the build-in P-channel MOSFET output transistor between pins VIN and VOUT is
switched off, allowing current consumption to be drastically reduced.

Dropout Voltage

A regulator’s minimum input-output voltage differential, or dropout voltage,
determines the lowest usable supply voltage. The APE8837 use a P- channel
MOSFET pass transistor, its dropout voltage is function of drain-to-source on-
resistance RDS(ON) multiplied by the load current.

Viropout = Vin-Vout = Roson) X lout

Current Limit

Each channel of APE8837 includes a fold back current limiter. It monitors and
controls the pass transistor’s gate voltage, estimates the output current, and limits the
output current within 300mA.

Thermal Shutdown Protection

Thermal Shutdown protection limits total power dissipation of APE8837. When
the junction temperature exceeds T, = +150°C, a thermal sensor turns off the pass
transistor, allowing the IC to cool down. The thermal sensor turns the pass transistor
on again after the junction temperature cools down by 40°C, resulting in a pulsed
output during continuous thermal shutdown conditions.

Thermal shutdown protection is designed to protect the APE8837 in the event of
fault conditions. For continuous operation, the absolute maximum operating junction
temperature rating of T; = +125°C should not be exceeded.
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Advanced Power
Electronics Corp. APE8837
APPLICATION INFORMATION

Like any low-dropout regulator, the APE8837 requires input and output
decoupling capacitors. The device is specifically designed for portable applications
requiring minimum board space and smallest components. These capacitors must be
correctly selected for good performance (see Capacitor Characteristics Section).
Please note that linear regulators with a low dropout voltage have high internal loop
gains which require care in guarding against oscillation caused by insufficient
decoupling capacitance.

Input Capacitor

An input capacitance of 1uF is required between input pin and ground directly
(the amount of the capacitance may be increased without limit). The input capacitor
must be located less than 1cm from the device to assure input stability. A lower ESR
capacitor allows the use of less capacitance, while higher ESR type (like aluminum
electrolytic) requires more capacitance. Capacitor types (aluminum, ceramic and
tantalum) can be mixed in parallel, but the total equivalent input capacitance/ ESR
must be defined as above to stable operation. There are no requirements for the ESR
on the input capacitor, but tolerance and temperature coefficient must be considered
when selecting the capacitor to ensure the capacitance will be 1uF over the entire
operating temperature range.

Output Capacitor

The APEB8837 is designed specifically to work with very small ceramic output
capacitors. A ceramic capacitor (temperature characteristics X7R, X5R, Z5U, or Y5V)
in 4.7uF is suitable for the APE8837 application. The recommended minimum
capacitance for the device is 4.7uF, X5R or X7R dielectric ceramic, between VOUT
and GND for stability, but it may be increased without limit. Higher capacitance values
help to improve transient. The output capacitor's ESR is critical because it forms a
zero to provide phase lead which is required for loop stability.

Thermal Considerations

The APEB8837 series can deliver a current of up to 200mA/channel over the full
operating junction temperature range. However, the maximum output current must be
debated at higher ambient temperature to ensure the junction temperature does not
exceed 125°C. With all possible conditions, the junction temperature must be within
the range specified under operating conditions. Power dissipation can be calculated
based on the output current and the voltage drop across regulator.

Pp = (Vin - Vour) X lout + Vin X lenp

The final operating junction temperature for any set of conditions can be

estimated by the following thermal equation:
Po (max) = (Ty (MAX) = Ta) / Rthja

Where T ax) is the maximum junction temperature of the die (125° C) and T is
the maximum ambient temperature. The junction to ambient thermal resistance (Rthja)
SOT-26 package at recommended minimum footprint is 250°C/W.
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Advanced Power
Electronics Corp.

APE8837

TYPICAL PERFORMANCE CHARACTERISTICS (Voyr1=1.8V)

Line Regulation - Vgoyrq (1.8V)

Load Regulation - Vgy11 (1.8V)

181 181
1.805 1.805
18 18
s s
5 178 3 1795
> >
YOI lour=TmA, b Vin=Vourt+1V,
Vent=Ven=2V, Vent=Venz=2V,
1L o AGF, WSE o AUF,
Cout1=Cout2=4.7UF Cour1=Cour2=4.7uF
178 178
28 35 4 45 5 55 1 10 50 100
Vin (V) loyr (MA)
Line Transient (Voyr1) Load Transient (Voyr4)
Veical Timebage Trigger Display Cursors Measure Mah Anahysis Uiities Help Fila Verticad Timebase Trigger Displsy Cursors Messuie Maih Analsis Utiiiles Help

Viy=3.5V to 4.5V, F=200Hz,
lour=10mA, Veni=Vena=2V,
Cin=1uF, Coyr1=Coyro=4.7uF

Vi=Vour+1V, lour=0mA to 200mA,
Ven1=Vena=2V, Cn=1uF, Coyr1=Coyr=4.7uF
Ton=Torr=0.5mS, Rising=Falling=0.25A/uS
on=Torr=0.5mS, Rising=Falling u | Vour (AC)

Vin ,
| IOUT
— i — —
Vour (AC) ' .
| \ | \

i i
Massurs FrmasiC1) FEmnicn) r P [ Maasusn Prmasery PRt [ e # e
e B a4y o T38my v
atas .4 - stitus
LeCray BIATI008 356,27 FM LeCroy ]

Vin=Vour+1V, Veni=Vena=2V,
Cin=1uF, Coyr1=Coyro=4.7uF

VOUT

IOUT

e

LeCray

SIZSZ008 110303 AM
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Advanced Power
Electronics Corp.

APE8837

TYPICAL PERFORMANCE CHARACTERISTICS (Voyr12.=2.8V)

Line Regulation - Vgoyr, (2.8V)

281
2805 |
28
5
3 2795
>
279 |
lout=1mA,
2785 Veni=Vena=2V,
) Cin=1uF,
Cour1=Courz=4.7TuF
278
38 45 5 55 6

Vin (V)

Line Transient (Voyrz)

V\=3.5V to 4.5V, F=200Hz,
lour=10mA, Veni=Vena=2V,
Cin=1uF, Cour1=Couyr2=4.7TUF Vin

] [
| ' -
S —
[
Vour (AC)
s v =, iy " i
| f
“
Massurn Plamasitt) Frmnicn) [ [ % i
v 19y EEEeY
itatus - -

1 00 M5
W2ATA008 35110 PM

Vin=Vourt1V, Veni=Vena=2V,
Cin=1uF, Coyr1=Coyrs=4.7uF

VOUT

IOUT

SIZSZ008 111138 AM

Load Regulation- Vgoyr1, (2.8V)

281
2.805
28 |
2
T
3 2715
>
2O ViEVourtV,
Veni=Venz=2V,
2T =1uF,
Cour1=Cour2=4.7uF
278
1 10 50 100
loyr (MA)
Load Transient (Voyr2)
Vertical Timebags Trigger [Disp ors Msmsure Wath Anabsls  Utiities  Halp

Vi=Vour+1V, lour=0mA to 200mA,
Vent1=Venz=2V, Cin=1uF, Coyri=Cour,=4.7uF
Ton=Tore=0.5mS, R|S|ng=FaII|ng=0.25Nu$ Vour (AC)

| . ,
PR |
! | |
IOUT
—_— —

Maasumn Fmatny FEmALCT) [ e # i
el 181 ey
stus -
LeCroy A2ATI008 300,19 FM
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Advanced Power
Electronics Corp. APE8837
TYPICAL PERFORMANCE CHARACTERISTICS

Power Sequence (Vy & Vgy turn ON) Power Sequence (Viy & Vgy turn OFF)
R,_1—1 8KQ, R,_2—2 8KQ R,_1—1 8KQ, R,_2—2 8KQ

V=38V, Veni=Veno=2V, Vin=3.8V, Veni=Veno=2V,
Cn=1uF, COUT1_COUT2_/4._-_7__L,L'.:_ ~ Cin=1uF, Coyr1=Courz=4.7uF
"
| \ Vin
i \-'
"‘II VOUT1
. ]IL Vour2

\ Ven

LeCray 20200 21158 P

W2AT2008 21053 PM

Power Sequence (Vgy ready, V,y turn ON) Power Sequence (Vgy ready, V\y turn OFF)
R,_1—1 8KQ, R,_2—2 8KQ R,_1—1 8KQ, R,_2—2 8KQ

Vin=3.8V, Ven1=Vena=2V,
Cin=1uF, Coyr1=Couro=4.7uF

Vin=3.8V, Veni=Vena=2V,
Cin=1uF, Coyr1=Cour2=4.7uE

o8 *
241008 215,47 FM

W2A2008 21651 PM LeCroy
Power Sequence (V| ready, Vg turn ON) Power Sequence (V| ready, Vgy turn OFF)
R,_1-1 8KQ, R,_2—2 8KQ R,_1—1 8KQ, R._2-2 8KQ
Vin Vin=3.8V, Veni=Ven=2V, Vin=3.8V, Vent=Ven=2V, Vin
Cir=1uf;€C5ur=Courz=4-TuF C=tuF-Coyrr=Cours=4:TuF
. VOUT1 o VOUT1
g Vourz e e L Vourz
Ven . Ven .

r2AII008 2 3

s 0o 4 5 200
LeCroy 242008 21847 LeCroy
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Advanced Power
Electronics Corp. APE8837
TYPICAL PERFORMANCE CHARACTERISTICS

Power Sequence (Vy & Vgy turn ON) Power Sequence (Viy & Vgy turn OFF)
R.1=180Q, R ,=28Q R.1=18Q, R,=28Q

ger Displsy Cursors Measure Math Analysis Utiities  Help

ger Display Cursors Meagure Mafh Analysis Utities Halp

Vin=3.8V, Veni=Vena=2V, Vin=3.8V, Veni=Vena=2V,

Cin=1uF, COUT1=COU¢7’UL_ . Cin=1uF, Coyr1=Coyr2=4.7uF
VIN // ]\\\ VIN

: Vour1 | Vourt
2 Vourz o L Vour2

LeCraoy W08 23415 PM LeCroy
Power Sequence (Vgy ready, Vi turn ON) Power Sequence (Vgy ready, Vi turn OFF)
R, 1=18Q, R ,=28Q R, ,=18Q, R ,=28Q
Vin=3.8V, Ven1=Vena=2V, Vin=3.8V, Ven1=Ven=2V,
Cin=1uF, COUT1=CO$IZ=’_4-ZE_E,_ 3 Civ=1uF, Coyr1=Cour2=4.7uF
VlN / \\k"—--._ VlN
/ ‘\\
: Vour1 e | Vour
(=) VOUTZ [=) \ VOUTZ
VEN VEN

Wakea098 23115 P LeCray

Power Sequence (V| ready, Vg turn ON) Power Sequence (V| ready, Vgy turn OFF)
R, 1=18Q, R ,=28Q R, 1=18Q, R ,=28Q

sors Meagure Math Analysls  Utiities ors

V, Vin=3.8V, Vens=Venz=2V, Vin=3.8V, Veni=Ven=2V, V
IN Cin=1uF, Cours=Coura=4.7uF .Cin=AUE,.Coyri=Couro=4ZuE [N

<
o
c
S
3

, o AN VOUT1
. VOUTZ o~ ol \ VOUT2
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Advanced Power
Electronics Corp. APE8837
TYPICAL PERFORMANCE CHARACTERISTICS

Power Sequence (Viy & Vgy turn ON) Power Sequence (Viy & Vgy turn OFF)
R,_1—8 9Q, R._2—14 8Q R,_1—8 9Q, R._2—14 8Q
Vin=3.8V, Ven1=Ven=2V, Vin=3.8V, Ven1=Venz=2V,
Cin=1uF, COUT1=COLB.=AM: Cin=1uF, Coyr=Cour2=4.7uF
> "
Vin / / L Vin .
/ \

W09 42141 P LeCray AT 426,10 P

Power Sequence (Vgy ready, V|, turn ON) Power Sequence (Vgy ready, V\y turn OFF)
R,_1—8 9Q, R,_2—14 8Q R,_1—8 9Q, R,_2—14 8Q
Vin=3.8V, VEN1_VEN2_2V Vin=3.8V, Ven1=Ven=2V,
Cin=1uF, Coyr1=Coyra=4.7uF Cin=1uF, Coyr1=Coyr2=4.7uF
Vin // i ‘\\\\ Vin )
. VOUT1 i l\ VOUT1
R Vour2 / o L Vour2
VEN VEN

Wak2098 420,21 PW LeCray A2 426,27 P

Power Sequence (V| ready, Vg turn ON) Power Sequence (Vy ready, Vg turn OFF)
R,_1—8 9Q, R._2—14 8Q R,_1—8 9Q, R ,=14.8Q
le-3.8v, Veni=Veno=2V, . Vin=3. . VEN1'VEN2_2V
Vin ; Cin=1uF, Coyr1=Cour2=4.7UF Cin=1uF, Coyri=Cour2=4,7uF = Vin
!I

Vour1 J EL Vout1
 Vourz e ) 1\_ Vours

VEN VEN

21008 4 4238 M

10
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ADVANCED POWER ELECTRONICS CORP.

Package Outline : SOT-26

«~—— G—>
Ll

A

Millimeters
‘ SYMBOLS || mIN | Nom | max
A 270 | 290 | 3.10
B 260 | 2.80 | 3.00
C 140 | 1.60 | 1.80
C B D 030 | 043 055
E 000 | 005 | o0.10
H 1.20REF
| G 1.90REF
| 0.12REF
J 0.37REF
- L 0.95REF

— I~

L
\

J

1.All Dimension Are In Millimeters.

2.Dimension Does Not Include Mold Protrusions.

Part Marking Information & Packing : SOT-26

[ 1 [T []

R P&YTY

Part Numbe: RP
Vout Code
see the tablel.

Date Code

YY:2004,2008,2012...
YY:2003,2007,2011...

YY:2002,2006,2010...
YY:2001,2005,2009...
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