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Vishay Siliconix

Micropower 500-mA CMOS LDO Regulator
With Error Flag/Power-On-Reset

FEATURES

Input Voltage 2 Vto 6 V

Low 150-mV Dropout at 500-mA Load

Guaranteed 500-mA Output Current

Uses Low ESR Ceramic Output Capacitor

Fast Load and Line Transient Response

Only 100-uV(rms) Noise With Noise Bypass Capacitor
1-uA Maximum Shutdown Current

Built-in Short Circuit and Thermal Protection
Out-Of-Regulation Error Flag (Power Good or POR)
Fixed 1.215-V, 1.5-V, 1.8-V, 2.0-V, 2.5-V, 2.8-V, 2.9-V,
3.0-V, 3.3-V, 5.0-V, or Adjustable Output Voltage
Options

DESCRIPTION

The Si9185 is a 500-mA CMOS LDO (low dropout) voltage
regulator. The device features ultra low ground current and
dropout voltage to prolong battery life in portable electronics.
The Si9185 offers line/load transient response and ripple
rejection superior to that of bipolar or BICMOS LDO regulators,
and is designed to drive lower cost ceramic, as well as
tantalum, output capacitors. An external noise bypass
capacitor connected to the device’'s Cypjsg pin will lower the
LDO'’s output noise for low noise applications. The Si9185 also
includes an out-of-regulation error flag. If a capacitor is

e Other Output Voltages Available by Special Order
e 1.1-W Power Dissipation

® Thin, Thermally Enhanced MLP33 PowerPAK™
Package

APPLICATIONS

Laptop and Palm Computers
Desktop Computers

Cellular Phones

PDA, Digital Still Cameras

connected to the device’s delay pin, the error flag output pin will
generate a delayed power-on-reset signal. The device is
guaranteed stable from maximum load current down to 0-mA
load.

The Si9185 is available in a MLP33 PowerPAK package. This
allows enhanced heat transfer to the PC board. The Si9185 is
specified to operate over the industrial temperature range of
—40°C to +85°C.
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ABSOLUTE MAXIMUM RATINGS

INPUEVOIEAGE, VN -« o oo e oo 6.5V
SD INPUEVOIAGE, VSD .+ v v eve et e e -0.3VitoVy
Output Current, loyt «« v v v n. 500 mA Continuous, Short Circuit Protected
Output Voltage, VouT « -« v vvvvvvvnnnn -0.3 V1o Vo(nom) + 0.3V
Maximum Junction Temperature, Tymax) « -« ««««-ccovreearneenns 150°C
Storage Temperature, TSTG -« v v vvvvvnneennnneenn. -55°C to 150°C
ESD (Human Body Model) ............c i, 2 kv

Power Dissipation® ... ....... ... 25W
Thermal Impedance (©;34)2
(ROJA) .« oo 50°C/W
(RO ot 4°CIW

Notes

a. Device mounted with all leads soldered or welded to PC board. (PC
board—2" x 2", 4-layer, FR4, 0.25 square inch spreading copper)

b. Derate 20 mW/°C above Tp = 25°C

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 absolute maximum rating

conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING RANGE

INPUEVOItAGE, VIN -« o oo 2Vto6V Operating Ambient Temperature, TaA .. ...vvvvvrennnenn.. —40°C to 85°C
Output Voltage, Vout (Adjustable Version) ............... 1.215Vto5V Operating Junction Temperature, Ty .......oovuvrennn. —40°C to 125°C
R 25 kQ to 150 kQ
CiN = 2.2 uF, Coyt = 2.2 uF (ceramic, X5R or X7R type) , Cnoise = 0.1 uF (ceramic)
CoutRange = 1 uF to 10 uF (+£10%, x5R or x7R type)
Cin = Cout
SPECIFICATIONS
Test Conditions Limits
Unless Otherwise Specified _40 to 85°C
ViN = VouT(nom) + 1V, loyt =1 mA ) )
Parameter Symbol Cin=224F, Coyr =2.24F, Vep =15V | Temp? | MinP | Typ® | Max® | Unit
Output Voltage Range Adjustable Version Full 1.215 5 \%
Room -15 1.5
Output Voltage Accuracy Vout o
(Fixed Versions) 1mA = loyr = 500 mA Full 25 o5 % Vo(nom)
Room 1.191 1.215 1.239
Feedback Voltage (ADJ Version) VapyJ \%
Full 1.179 1.251
Line Regulation From VN =Voutr+1V _
(Vaps = Vout = 4V) toVour +2V Full 018 018
AVg7 X 100 .
Vin X Vour
Line Regulation (4 V Voyt < 5V) FromV|y= 55Vto6V Full -0.18 0.18
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SPECIFICATIONS
Test Conditions Limits
Unless Otherwise Specified _4010 85°C
ViIN = VouT(nom) + 1 Vi lout =1 mA ) .
Parameter Symbol CIN=22uF, Cour =22 uF, Vep =15V | Temp? | MinP | Typ® | MaxP | Unit
lout =10 MA Room 5 20
Dropout Voltaged lout =200 mA Room 145 215
(@Vout(nom) = 2V) Room 320 480
lout =500 mA
VIN = VouT Full 600
lout =200 mA Room 115 175
Dropout Voltaged Room 550 200
(@Vout(nom) = 2.5V) louT = 500 mA
Full 480
lout =200 mA Room 90 135
Dropout Voltaged mv
Vin = Vi Room 200 300
(@Vout(nom) = 3.3V) IN~ Yout louT = 500 mA
Full 400
lout =200 mA Room 60 100
Dropout Voltaged
Vin = Vi Room 150 210
(@Vout(nom) = 5V) IN~ Tout louT = 500 mA
Full 300
lout =200 mA Room 170 250
Dropout Voltaged
VN — Vi Room 415 625
(@Vout(nom) < 2V, Vi = 2VV) IN~ Yout louT = 500 MA
Full 825
lout =0 mMA Room 150
Room 1000
lout =200 mA
Ground Pin Current IGND Full 1500 HA
Room 2500
| =500 mA
out Ful 4000
Shutdown Supply Current IiN(off) Vgp=0V Room 0.1 1 nA
ADJ Pin Current laDJ ADJ=12V Room 5 100 nA
Peak Output Current lo(peak) Vout = 0.95 X VouT(nom): tow =2 ms Room 600 mA
_ w/o CnNoISE Room 200
Output Noise Voltage en BW =50 I:|z to 100 kHz uV (rms)
louT =150 mA Cnoisg = 0.1 uF Room 100
f=1kHz Room 60
Ripple Rejection AVouT/AV|N louT = 150 mA f=10kHz Room 60 dB
f =100 kHz Room 40
- ; ) VIN : VouT(nom) + 1 V 10 VouT(nom) + 2 V
Dynamic Line Regulation AVo(line) tRIte = 5 us, louT = 500 MA Room 10 .y
Dynamic Load Regulation AVo(load) lout : 1 mA to 150 mA, tr/tr = 2 us Room 30
_ w/o Cnoise Cap Room 5 us
Vout Turn-On-Time ton Vin=43V
Vour =3.3V Cnoise = 0.1 uF Room 2 mS
Thermal Shutdown
Thermal Shutdown Junction Temp ty(s/d) Room 165
°C
Thermal Hysteresis tHysT Room 20
Short Circuit Current Isc Vour=0V Room 800 mA
Shutdown Input
o Vi High = Regulator ON (Rising) Full 15 VN
SD Input Voltage - \%
Vi Low = Regulator OFF (Falling) Full 0.4
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SPECIFICATIONS
Test Conditions Limits
Unless Otherwise Specified _4010 85°C
ViIN = VouT(nom) + 1 Vi lout =1 mA ] )
Parameter Symbol CiN=2.2uF, Cour =2.2uF, Vsp =15V | Temp2 | Minb | Typc | MaxP | Unit
s IhH Vsp = 0V, Regulator OFF Room 0.01
SD Input Current® — uA
I Vsp = 6 V, Regulator ON Room 1.0
Shutdown Hysteresis VhysT Full 100 mvV
Error Output
Output High Leakage lorr ERROR = Vout(nom) Full 0.01 2 nA
Output Low Voltaged VoL IsINK =2 MA Full 0.4
Out-of-Regulation Error Flag v Eull 0.93 x 0.95 x 0.97 x
Threshold Voltage (rising)9 TH Vout Vout Vout Vv
: 2% x
Hysteresis9 V Room
y: HYST Vout
Delay Pin Current Source IDELAY Room 1.2 2.2 3.0 nA

Notes

a. Room =25°C, Full = -40 to 85°C.

b. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum.

c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing. Typical values for dropout voltage at Voyt = 2 V are measured at
Vour = 3.3V, while typical values for dropout voltage at Voyt < 2 V are measured at Voyt = 1.8 V.

d. Dropout voltage is defined as the input to output differential voltage at which the output voltage drops 2% below the output voltage measured with a 1-V
differential, provided that V|y does not not drop below 2.0 V. When Vout(nom is less than 2.0 V, the output will be in regulation when 2.0 V - Vout(nom) is
greater than the dropout voltage specified.

e. The device’s shutdown pin includes a typical 6-MQ internal pull-down resistor connected to ground.

f.  Vour is defined as the output voltage of the DUT at 1 mA.

g. The Error Output (Low) function is guaranteed for V|5 =2.0 V.

TIMING WAVEFORMS

VIN
— —— to\
VNom
0-95VNOM T
Vour
ERROR
—=— (pE Ay —=

FIGURE 4. Timing Diagram for Power-Up
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|PIN CONFIGURATION

MLP33 PowerPAK

MLP33 PowerPAK

p [ r
r LJ
Cnoise [ @ 8 ] SD SD 8 1 Cnolise
peLaY [[| 2 7| [] ERROR ERROR 7 2 DELAY
oo [f| 3 6|[] SENSEor DI SENSE or ADJ 6 3 GND
ViN [ 4 5 ] Vour Vout 5 4 ViN
. [
J J
Exposed Pad
Top View Bottom View
PIN DESCRIPTION
Pin Number Name Function
1 I Noise bypass pin. For low noise applications, a 0.01-uF or larger ceramic capacitor should be connected
NOISE from this pin to ground.
P DELAY Capacitor connected from this pin to ground will allow a delayed power-on-reset signal at the ERROR (Pin
7) output. Refer to Figure 4.
3 GND Ground pin. Local ground for Cyoisg and Coyr-
4 VN Input supply pin. Bypass this pin with a 2.2-uF ceramic or tantalum capacitor to ground.
5 Vout Output voltage. Connect Coyt between this pin and ground.
6 SENSE or ADJ For fixed output voltage versions, this pin should be connected to VoyT (Pin 5). For adjustable output
voltage version, this voltage feedback pin sets the output voltage via an external resistor divider.
7 ERROR This open drain output is an error flag output which goes low when Vgt drops 5% below its nominal
voltage. This pin also provides a power-on-reset signal if a capacitor is connected to the DELAY pin.
8 SD By applying less than 0.4 V to this pin, the device will be turned off. Connect this pin to V) if unused.
Exposed Pad The die substrate is attached to the exposed pad and must be electrically connected to GND.

ORDERING INFORMATION
Part Number | Marking | Voltage | Temperature | Package
Si9185DMP-12-T1 8512 1.215V
Si9185DMP-15-T1 8515 150V
Si9185DMP-18-T1 8518 180V
Si9185DMP-20-T1 8520 2.00V
Si9185DMP-25-T1 8525 250V
- . MLP33
Si9185DMP-28-T1 8528 280V —40 to 85°C PowerPAK
Si9185DMP-29-T1 8529 2.90V
Si9185DMP-30-T1 8530 3.00 V
Si9185DMP-33-T1 8533 330V
Si9185DMP-50-T1 8550 5.00 V
Si9185DMP-AD-T1 85AD Adjustable
Additional voltage options are available.
Eval Kit Temperature Range Board Type
Si9185DB —40t0 85°C Surface Mount

Nocitiment Niimber: 71765
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|TYPICAL CHARACTERISTICS (INTERNALLY REGULATED, 25°C UNLESS NOTED)

Dropout Voltage vs. Load Current Dropout Characteristic
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|TYPICAL CHARACTERISTICS (INTERNALLY REGULATED, 25°C UNLESS NOTED) |

GND Current vs. Load Current

° T ]
\ Vour =5V
—0.5 \\\
z -1l0
=z 25°C
9 N
©  -15 \\
_ \\
2.0 AN
-2.5
0 50 100 150 200 250 300 350 400 450 500
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Power Supply Rejection
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| TYPICAL WAVEFORMS

Load Transient Response-1

100

5.00 ps/div

VIN= 4.3V, CIN =22 uF
Vout = 3.3V, COUT =22 uF
ILoap = 1to 150 mA

trise = 2 usec

Load Transient Response-3

554
Vour
10 mV/div

!

lLoAD
100 mA/div
44|

5.00 ps/div

VIN= 4.3V, CIN =22 uF
Vout = 3.3V, COUT =10 uF
ILoap = 1to 150 mA

trise = 2 usec

Load Transient Response-5

Vour
20 mV/div

lLoap "
200 mA/div

10 ps/div

VIN= 4.3V, CIN =10 uF
Vout = 3.3V, COUT =10 uF
ILoap = 1 to 500 mA

trise = 2 usec

Load Transient Response-2

Vour
10 mV/div

I bk
lLoaD

100 mA/div
o
44
5.00 ps/div
VIN= 4.3V, CIN =22 uF
Vout = 3.3V, COUT =22 uF
ILoap = 1to 150 mA
trise = 2 usec
Load Transient Response-4
Vour
10 mV/div
lLoAD
100 mA/div
o
44| :

5.00 ps/div

VIN= 4.3V, CIN =22 uF
Vout = 3.3V, COUT =10 uF

ILoap = 1to 150 mA
trise = 2 usec

Load Transient Respons-6

Vour
20 mV/div :
: : .
lLoAD
200 mA/div
10 ps/div ViN=4.3V,C)y=10puF

Vout = 3.3V, COUT =10 uF

ILoap = 1 to 500 mA
trise = 2 usec

wiaanasviehavy com
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| TYPICAL WAVEFORMS

Line Transient Response-1 Line Transient Respons-2

Vour
1V/div - -

VIAN L g

3l S Vour ...

: N : 10mosT
\ﬂw' R ) e 2ot iy 1&#"“"‘“ i et

5.00 ps/div ' ' 5.00 ps/div
VinsTEP = 4.3 1053V VinsTEP =5.3 104.3V
Vout = 33V Vout = 33V
Cout=22uF Cout=2.2uF
CIN:]-O MF CIN:]-O MF
ILoap =500 mA ILoap = 500 mA
trise = 5 usec tial = 5 usec
Turn-On Sequence Turn-Off Sequence
ViN
S CH-3 2 V/div
et
340 Vour
CH-1 2 V/div
1
i : : [ D Cdelay
B T . o CH42Vidv
ERROR 2 V/div
2 24| ERROR
CH-2 2 V/div
10.00 ms/div 5.00 ps/div
VIN =42V VIN =42V
Vout = 33V Vout = 33V
Cdelay = 0.1 uF Cdelay = 0.1 uF
Cnoise = 0.1 uF Cnoise = 0.1 uF
ILoap = 350 mA ILoap = 350 mA
Output Noise Noise Spectrum
100 At i
% ) /r]Ml
j“ bl | i
P s
I - :_ AL L1
uVv/ yHz g v |
|
: ) |
500 uV/div T A\«’n,w‘\ i -
8 T Y I
€ T [
[
\ | Mln L
. . . 001 L2 degid = 4511‘ 2 AJS! 2 W‘LMLL
1 ms/div 100 Hz 1 MHz
VIN =42V V|N=4.1V
VouTt =3.3V Vout =3.3 V/10 mA
lout = 150 mA Cnoise = 0.1 uF

Cnoise = 0.1 uF
BW =10 Hz to 1 MHz
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|BLOCK DIAGRAM
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GND O

FIGURE 5.

DETAILED DESCRIPTION

The Si9185 is a low drop out, low quiescent current, and very
linear regulator family with very fast transient response. ltis
primarily designed for battery powered applications where
battery run time is at a premium. The low quiescent current
allows extended standby time while low drop out voltage
enables the system to fully utilize battery power before
recharge. The Si9185 is a very fast regulator with bandwidth
exceeding 50 kHz while maintaining low quiescent current at
light load conditions. With this bandwidth, the Si9185 is the
fastest LDO available today. The Si9185 is stable with any
output capacitor type from 1 uF to 10.0 uF. However, X5R or
X7R ceramic capacitors are recommended for best output
noise and transient performance.

Vin

V|n is the input supply pin. The bypass capacitor for this pin
is not critical as long as the input supply has low enough source
impedance. For practical circuits, a 1.0-uF or larger ceramic
capacitor is recommended. When the source impedance is
not low enough and/or the source is several inches from the
Si9185, then a larger input bypass capacitor is needed. ltis

required that the equivalent impedance (source impedance,
wire, and trace impedance in parallel with input bypass
capacitor impedance) must be smaller than the input
impedance of the Si9185 for stable operation. When the
source impedance, wire, and trace impedance are unknown,
it is recommended that an input bypass capacitor be used of
a value that is equal to or greater than the output capacitor.

Vout

VouT is the output voltage of the regulator. Connect a bypass
capacitor from Vgt to ground. The output capacitor can be
any value from 1.0 uF to 10.0 uF. A ceramic capacitor with
X5R or X7R dielectric type is recommended for best output
noise, line transient, and load transient performance.

GND

Ground is the common ground connection for V,y and Voyr.
It is also the local ground connection for Cyojse, DELAY,
SENSE or ADJ, and SD.

wiaanasviehavy com
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SENSE or ADJ

SENSE is used to sense the output voltage. Connect SENSE
to Vour for the fixed voltage version. For the adjustable output
version, use a resistor divider R1 and R2, connect R1 from
VouT to ADJ and R2 from ADJ to ground. R2 should be in the
25-kQ to 150-kQ range for low power consumption, while
maintaining adequate noise immunity.

The formula below calculates the value of R1, given the
desired output voltage and the R2 value,

(VOUT - VADJ)RZ

R1 =
Vap3

Vapy is nominally 1.215 V. @

SHUTDOWN (SD)

SD controls the turning on and off of the Si9185. VgyT is
guaranteed to be on when the SD pin voltage equals or is
greater than 1.5 V. VgoyT is guaranteed to be off when theSD
pin voltage equals or is less than 0.4 V. During shutdown
mode, the Si9185 will draw less than 2-uA current from the
source. To automatically turn on Voyt whenever the input is
applied, tie the SD pin to V.

ERROR

ERROR is an open drain output that goes low when Vgyt is
less than 5% of its normal value. As with any open drain output,
an external pull up resistor is needed. When a capacitor is
connected from DELAY to GROUND, the error signal transition
from low to high is delayed (see Delay section). This delayed
error signal can be used as the power-on reset signal for the
application system. (Refer to Figure 4.)

The ERROR pin is disconnected if not used.

DELAY

A capacitor from DELAY to GROUND sets the time delay for
ERROR going from low to high state. The time delay can be
calculated using the following formula:

(VADJ)CdeIay

Idelay

@

Tdelay =

The DELAY pin should be an open circuit if not used.

Cnoise

For low noise application, connect a high frequency ceramic
capacitor from Cyojsg to ground. A 0.01-uF or a 0.1-uF X5R
or X7R is recommended.

Vishay Siliconix

Safe Operating Area

The ability of the Si9185 to supply current is ultimately
dependent on the junction temperature of the pass device.
Junction temperature is in turn dependent on power
dissipation in the pass device, the thermal resistance of the
package and the circuit board, and the ambient temperature.
The power dissipation is defined as

Pp = (Vin — Vour) * lout -
Junction temperature is defined as
Ty=Ta+((Pp * (R63c + Récp)).
To calculate the limits of performance, these equations must
be rewritten.
Allowable power dissipation is calculated using the equation
Pp=(T;—Ta) (R;c + Réca)
While allowable output current is calculated using the equation
lout = (Ty = Ta) (R8;c + Réca) * (Vin — Vour)-
Ratings of the Si9185 that must be observed are

Timax =125 °C, Tamax = 85 °C, (ViN = VouT)max = 5-3 V, R8;c
=4 °C/W.

The value of ROcp is dependent on the PC board used. The
value of RO for the board used in device characterization is
approximately 46 °C/W.

Figure 6 shows the performance limits graphically for the
Si9185 mounted on the circuit board used for thermal
characterization.

0.6

0.5

0.4 \\ \ ‘\ Ta =} 0°C
Ta=25°C

N
\\ Ta=50°C

0.2 Tp=70°C
~N Ta=s5C

0.3

lour

0.1
(Vin=VouT)max =53V
0o | |
0 1 2 3 4 5 6
Vin = Vourt (V)

Figure 6.
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PCB Footprint and Layout Considerations

The Si9185 comes in the MLP33 PowerPAK package with an
exposed pad on the bottom to provide a low thermal
impedance path into the PC board. When the PC board layout
is designed, a copper plane, referred to as spreading copper,
is recommended to be placed under the package to which the
exposed pad is soldered. This spreading copper is the path for
the heat to move away from the package into the PC board.
With the Si9185 mounted on a four layer board measuring 2" x
2", a spreading copper area of 0.25 square inches will yield an
Rj5 of 50°C/W. This allows for power dissipation in excess of
1 watt in an 80°C ambient environment.

1.425
0.906 0.056
0.026
—
- ]
| 4 oms |,
- r™ =
] ]
1.426 |
0.056 mm
inches
2.852 |
0.112

Figure 7. MLP33 PowerPAK Pad Pattern
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