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I.5A SmartOR™ Dual Regulator with V, | _Drive

Features

* Automatic selection of V__or V,

¢ Drive control signal for external V,  switch
* Continuous 3.3V output supply

* Glitch-free output during supply transitions
* Built-in hysteresis for supply selection
eV regulates up to 1.5A output current
¢V, regulates up to 375mA output current
* Foldback current limiting

e Thermal shutdown with hysteresis

* On-chip controller operates fromV_, V., orV .

cc’

Applications

* Peripheral Component Interface (PCl) Adapter Cards
¢ Network Interface Cards (NIC's)

* Multiple Powered Systems

e Systems with Standby Capabilities

Product Description

The California Micro Devices' SmartOR™ CMPWR280 is a fully
protected Dual-Input low dropout CMOS regulator that also
provides the necessary control signal for driving an external
auxiliary Pchannel MOSFET switch. The SmartOR™ device au-
tomatically selects one of three possible inputs on a priority
basis: V. (1.5A), V,, (375mA) or V, , via the drive signal
used to control an external switch.

V is given first priority._ln th_e event of _the V. supply being
powered down, the device will automatically deselect the V.
prior to regulator dropout and immediately select V.. (second
priority) as its power source.

SBY

If neither V_nor V., are present the drive control output will
turn-on an external P-channel MOSFET switch from an auxiliary
3.3VsupplyV,  toV ..

All the necessary control circuitry needed to provide a smooth
and automatic transition between all three supplies has been
incorporated. This allows V_to be dynamically switched with-

out loss of output voltage.

The CMPWR280 is internally protected against output
short-circuits, current overload and thermal overload.
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STANDARD PART ORDERING INFORMATION
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ABSOLUTE MAXIMUM RATINGS
Parameter Rating Unit
ESD Protection (HBM) 2000 \Y
Vee s Vsay s Your +6.0, Gnd -0.5 \Y
Drive Logic Voltage Ve (Vggy) +0.5, GND -0.5 \Y
Storage Temperature Range -40 to +150
Operating Ambient 0to +70 oC
Operating Junction 0 to +150
Power Dissipation: (TO-263) Note 1 Internally Limited W
OPERATING CONDITIONS
Parameter Range Unit
Ve Vsay 5.0+0.25 \Y
Temperature (Ambient) 0to +70 °C
Load Current 0 to 1500 mA
Ceq 10 +10% uF
ELECTRICAL OPERATING CHARACTERISTICS
(over operating conditions unless specified otherwise)
Symbol | Parameter Conditions MIN TYP MAX UNIT
Vour Regulator Output Voltage O0mMA < lopp < 1500mMA (Ve ) 3.135 | 3.30 | 3.465 \Y
O0MA < lioap < 375MA (Vsgy )
V ecsel Select Voltage V. Regulator Enabled 4.50 4.70
V ccoes V Deselect Voltage V Regulator Disabled 3.90 4.10 \Y
V cchyst Hysteresis Voltage Ve Hysteresis: Note2 0.40
lout Maximum Output Current Vselected 1500 | 2500 mA
Vsgy selected 375 750
lsc Short Circuit Output Current | Vcselected 800 mA
Vg Selected 200
lrec V Pin Reverse Leakage Vee = OV. Vggy = 5V 10 100 pA
Irsay Vey Pin Reverse Leakage Veggy = Oy Ve = 5V 10 10
VR 100 VcLoad Regulation Ve selected, ligpp = 15mA to 1500mA 30 mV
Vgy Load Regulation Vggy Selected, ligpp = 5mMA to 375mA 30
VR UNe Line Regulation Ve = 4.5V to 5.5V, lijgap = 5MA 5 mV
lc Ve Supply Current Ve selected, Igyr = 0mA 15 3.0 mA
Voepes = Ve = Vaux or Vour 0.1 0.2
lsay Vgy Supply Current V gy selected, lor = O0mMA 15 3.0 mA
leno Ground Current; Note 3 Regulator Disabled (only Vg present) 0.2 0.3
Regulator selected, l,gpp = 5mA 15 3.0 mA
Regulator selected = 5V, l,gpp = 500mA 1.8 35
Ry Drive Rps High Rps 10 Ve, Ve = Ve 5 10 kQ
Ron Drive Rpg Low Rps to GND , Vepes = Ve 0.5 1
toy Drive High Delay Corve = 1nF, V¢ trse < 100ns 5.0 us
to Drive Low Delay Corve = 1nF, Ve tey < 100ns 0.5
ToisaeLe Shutdown temperature 165 °C
Thvst Thermal hysteresis 30

Note 1: The maximum power dissipation of this device is internally limited by thermal shutdown circuitry. To achieve a power dissipation of 3.0
watts, a case-to-ambient thermal resistance of 25°C/W must be provided. This will typically require dedicated heatsinking ability of the
printed circuit board. For more details, please see the Typical Thermal Characteristics section.

Note 2: The hysteresis defines the maximum level of acceptable disturbance on V. during switching. It is recommended that the V,_ source
impedance be kept below 0.15Q to ensure the switching disturbance remains below the hysteresis during select/deselect transitions.

Note 3: Ground pin current consists of controller current (0.2mA) and regulator current when selected
©2000 California Micro Devices Corp. All rights reserved.
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Interface Signals

V_is the primary 5V power supply for the internal regulator.
Whenever V__exceeds V., (4.5V), the internal regulator
(1500mA) will be enabled and deliver a fixed 3.3V atV
When V__falls below V,
will be disabled.

Internal loading on this pin is typically 1.5mA when the
regulator is enabled, which reduces to 0.2mA whenever
the regulator is disabled. If V__falls below either the V or

SBY

V,,r Voltage, the loading on V__ will reduce to only a few

microamperes.

ouT”

4.1V typically) the regulator

CCDES (

During a V_ power up sequence, there will be an effective
stepincrease in V_line current when the regulator is enabled.
The amplitude of this step increase will depend on the dc
load current and any current required for charging/
discharging the load capacitance. This line current transient
will cause a voltage disturbance at the V__ pin proportional
to the effective power supply source impedance being
delivered to the V__input.

To prevent chatter during Select and Deselect transitions, a
built-in hysteresis voltage of 400mV has been incorporated.
Itis recommended that the power supply connected to the
V. input should have a source impedance of less than 0.15Q
to minimize the chatter during the enabling/disabling of
the regulator.

V., is the standby 5V supply power source, which is only
selected on when V__ < V ... If V. is selected, the
regulator can deliver a maximum of 375mA load current.
Whenever V. exceeds both V_and V., it will be used to
provide all the internal bias currents and any necessary

regulator current.

GND is the reference for all voltages. The current that flows
in the ground connection is very low (typically 2.0mA) and
has minimal variation over all load conditions

V,,; is the regulator output voltage connection used to power
the load. An output capacitor of ten microfarads is used to
provide the necessary phase compensation, thereby preventing
oscillation. This capacitor also helps to minimize the peak
output disturbance during power supply changeover.

When both V_ and V,, fall below V.,V ; will be used to
provide the necessary quiescent current for the internal
reference circuits. This ensures excellent start-up characteristics

for the regulator.

Drive is an active LOW logic output intended to be used as
the control signal for driving an external P-channel MOSFET
switch whenever the regulator is disabled. This will allow the
voltage at V, ; to be powered from an auxiliary supply voltage
(3.3V).

The Drive pinis pulled HIGH to V__ whenever the regulator is
enabled, thus ensuring that the auxiliary supply remains isolated
during normal regulator operation.

Pin Functions

Symbol Description

Vegy Standby Positive 5V Supply input. Used to power internal regulator (375mA) when V is not
available.

Ve Main Positive 5V Supply input. Powers the internal regulator (1.5A) whenever V exceeds the select
threshold (typically 4.5V)

GND Ground Reference for all voltages.

Vour Regulator output voltage (3.3V).

Drive Logic signal for controlling external auxiliary switch. Active LOW output whenever the internal
regulator is disabled.

© 2000 Calirornia Micro Devices Corp. All rights reserved.
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Typical DC Characteristics
Unless stated otherwise, all DC characteristics were measured at room temperature with a nominal V__supply voltage of 5.0
volts and an output capacitance of 10uF.

Fig 1.1. Line Regulation

Fig 1.1. V__ Line regulation 3.35
is measured while forcing the deselect threshold to an artificial F100mA load
low level for loads of 100mA, 500mA and 1.5A. At the 3.30 +

maximum rated load of 1.5A, a drop in line regulation occurs
when the V__supply voltage drops below 3.8V. For light
load conditions (100mA), regulation is maintained as low
as 3.2V.

3.05 —t ‘
3.3 3.6 3.9 4.2 45 4.8
Vcc [V]

Fig 1.2. Vcc Load Regulation (pulse condition)
Fig 1.2. V__Load regulation (pulse condition)

3.36
performance is shown up to and beyond the rated load. A
change in load from 10% to 100% of rated current (150mA 334 |
to 1500mA) results in an output voltage change of about
20mV. This translates into an effective output impedance of 3.32 |
less than 15mQ.
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Fig 1.3. Vsby Load Regul. (pulse condition)
Fig 1.3. V,, Load regulation (pulse condition) 3.36
performance is shown up to and beyond the rated load. A
changein load from 10% to 100% of rated (50mA to 500mA) 3.34 -
results in an output voltage change of about 20mV. This
translates into an effective output impedance of less than 3.32 1
50mQ.
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Fig 1.4. Ground Current

Fig 1.4. Ground Current is shown across the entire 3.0 [
range of load conditions. The ground current of 2mA has s r
minimal variation across the range of load conditions and T
shows only a slight increase at maximum load due to the 50 &
current limit protection circuitry. < f
£ 1.5+
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- 104
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Fig 1.5. Vcc Supply Current (No Load)
10000

Fig 1.5. Supply Current of the device is shown across
the entire V__range.

The supply current remains below 0.2mA when the V
supply is lower than 4.2V and the regulator is deselected. 1000 -
Above this point, the regulator is enabled and a supply
current of 2.0mA is conducted.

lcc [UA]

100 -

10

Vcc [V]
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Typical Transient Characteristics

The transient characterization test setup shown below includes
the effective source impedance of the V__supply (R). This
was measured to be approximately 0.1Q. It is recommended
that this effective source impedance be no greater than 0.15Q
to ensure precise switching is maintained during V__selection
and deselection.

Both the rise and fall times during V_ power-up/down
sequencing were controlled to be around 10 milliseconds
duration. This is considered to represent worst case conditions
for most application circuits.

During a selection or deselection transition the DC load current
is switching from V,  to V__and vice versa, or from V to

V.- Inaddition to the normal load current there may also
be an in-rush current for charging/discharging the load

capacitor.

The total current pulse being applied to either V, | orV is
equal to the sum of the dc load and the corresponding in-
rush current. Transient currents in excess of one amp can
readily occur for brief intervals when either supply
commences to power the load.

(221008 "
i
E | L
A ; 3.3V
Vsby | 018 g4y 'luFI; l
sy | -
-|— | PWR280
é Vsby  Drive
Wout
= Voo Wout
el 0.1
5Y 0.1u 1uFI¢ GMND 04u| 10UE}4 Load
TR=20ms T T - 2200
TF=20ms |
~

Transient Performance Test Setup

V. Load Transient Response is shown for a step load
from 15mA to 1500mA. An overshoot of approximately
300mV is observed, before settling within 3us.

V. Load Transient Response
Tek Single S(raq I_I_O.OMS/S
[

—_—

1.5A step lo:

" Vout (offset=33V) ]

WGN 200mv  ChZ 200V M35.000s CAZF 276V

©2000 California Micro Devices Corp. All rights reserved.

V_ . Load Transient Response is shown for a step load from

SBY

5mAto 375mA. An overshoot of approximately 100mV is

observed, before settling within Tus.

V,,, Load Transient Response

Tek Single Streq 25.0MS/s
X
[ 1

Eﬂ] 500V Ch2

200V

M 2 UU}AS Ch2 J'
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Typical Transient Characteristics - Cold Start and Full Power Down

Fig 2.1 V_. cold start
Tek HiGTH 25.0kS/!s - 1 Acqs

1.5A load

Chi 100V B 1.00V WM2.00ms CA3 S 2.63V

Fig 2.3V, cold start

Tek 25.0k8:‘§ 1 Ag:l_qs .
r ¥ 1
375mA load

TV TR

Chi— 1,00V 700V W2.00ms Chi # 1.83V

© 2000 Calirornia Micro Devices Corp. All rights reserved.

Fig 2.2 V_ full power down
Tek 5.00kS/§ . 1 Acqs

—

1.5A load +

BEY- -
2 Vout

Chi T1.00V T00V Mi0.0ms CAIF 2.63V

Fig 2.4V full power down

Tek EGIRR 5.00k5f§ 1 Acqs
T
 —

—

375mA load

Chi 100V BEE 100V MT0.0ms CRi v 1.84V
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Typical Transient Characteristics - V_. Power Changeover

Fig 2.7 V. power up (V, = 5V)

Tek HieH 2.50MS/s 1 Acqs
I- T
[ T

= 5V) Fig 2.8 V__ power down (V
Tek 2.50MS/[5 1 A:_:qs

SBY

T

Vec power-up frorm Vsby Vee power-down to Vsby

 (offseted 8 o O offsetzA vy T

Vout (offsetES.S\f) ; : : : : Vout (offset=3.3V)
ISR disturbance:< 40mV e disturbance < 20mV

" 375mAload

"R 20707V & Ch2 T00RY WM 20.0s Chi 7 3.26V M 20.0mv & Ch2 T00mV M 20.0ps CA1J ~ 3.20V

Fig 2.9 V__ power up (V,, = 3.3V) Fig 2.10 V_. power down (V,, = 3.3V)

TEsz.SUMSf;S 1 Acqs
X
[ T

AUX AUX

TeK2.50MS/[s 1 Acqs
T.
6 T

—

1=

Vee Pgower-i.:p from VaI.EJX Vec power-down to Vaux : :
.. vec mower-up T TVERR L Do o offseta ) T

: : : : : : : Vout (offset=3.3v)
P Vout (0ffset=33\/) e e e - ]» dlStIerance= 30mv
disturbance <20mVv : : : :

" 375mA load

WG Z0.0mV R Ch3 100mv WM 20.0ps CA3 F 35V ChT 20.0mvV & T00mv M 20.0us CRI v 3.3V

Fig 2.11 V__ power up (V

= 3.0V) Fig 2.12 V_. power down (V
TeKZ.SUNIS:;s 1 A_Ig:qs

Tek IR 2.50|V|S.frs 1 Acqs
.
[ ¥

= 3.0V)

AUX AUX

1
1

]
1

" Vec power-down to Vaux
(offset=4.2V) :

-, Vec power-up from Vaux 1/
{offset=4.3V) 1

" Vout (offest=aV) : : : :
. Vout (offset=3V) -

B 575mA ioad
375mA load ) : : ; : I : : : : ]
TEE[T00mV % Ch2 200mY M 20.0ps Ch1 F  3.23V W T00mY & Ch2 200mvV WM 20.00s ©hi v 3.23V
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Typical Thermal Characteristics

Thermal dissipation of junction heat consists primarily of
two paths in series. The first path is the junction to the case
(6,0) thermal resistance which is defined by the package
style, and the second path is the case to ambient (8 _,) thermal
resistance, which is dependent on board layout.

The overall junction to ambient (6,,) thermal resistance is
equal to:

eJA = 6JC + eCA

For a given package style and board layout, the operating
junction temperature is a function of junction power
dissipation P, and the ambient temperature, resulting in
the following thermal equation:

Towe =T

JUNC AMB

+ P @) +P 0

JUNC ( CA )

AMB + JUNC JA

The CMPWR280TO is housed in a TO-263 5-lead package,
which provides a 6, of 3°C/W. The ground tab is soldered
down to the PCB. When the device is mounted on a double
sided printed circuit board with two square inches of copper
allocated for "heat spreading”, the resulting 6, is 25°C/W.

Based on a maximum power dissipation of 2.85W
(1.9Vx1.5A) with an ambient of 70°C the resulting junction
temperature will be:

TJUNC = TAMB + PJUNC (eJA)
= 70°C + 2.85W (25°C/W)
= 70°C + 71°C = 141°C

All thermal characteristics of the CMPWR280TO were
measured using a double sided board with two square inches
of copper area connected to the GND pins for "heat
spreading”.

Measurements showing performance up to junction
temperature of 125°C were performed under light load
conditions (5mA). This allows the ambient temperature to
be representative of the internal junction temperature.

Note: The use of multi-layer board construction with power
planes will further enhance the thermal performance of the
package. In the event of no copper area being dedicated for
heat spreading, a multi-layer board construction will typically
provide the CMPWR280TO with an overall 6, of 25°CG/W
which allows up to 2.5W to be safely dissipated.

Fig 3.1. Output Voltage vs. Temperature. This shows
the requlator V. performance up to the maximum rated
junction temperature. The overall 125°Cvariation in junction
temperature causes an output voltage change of about 25mV.

© 2000 Calirornia Micro Devices Corp. All rights reserved.

Fig 3.1. Output Voltage vs. Temperature
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Typical Thermal Characteristics cont’d

Fig 3.2. Output Voltage (Rated) vs.

Temperature
Fig 3.2. Output Voltage (Rated) vs. Temperature. This 3.340
shows the regulator steady state performance when fully ]
loaded (1.5A) in an ambient temperature up to the rated
maximum of 70°C. The output variation at maximum load is 3.320 |
about 13mV across the normal temperature operating.
>
533007 1.5A load
> i
3.280 ﬁ
3.260 { { { } } }

0 10 20 30 40 50 60 70
Ambient Temperature [° C]

Fig 3.3. Thresholds vs. Temperature

Fig 3.3. Thresholds vs. Temperature. This shows the 48
regulator select/deselect threshold variation up to the
maximum rated junction temperature. The overall 125°C 4.7 4 Vselect

change in junction temperature causes a 30mV variation in

the select threshold voltage (regulator enable). The deselect 46 //—’—’—/—’—’_/

threshold level varies about 30mV over the 125°C changein

junction temperature. The hysteresis remains essentially 2,45
constant over the entire temperature range. k=
B a4
2 44
=
43 1 Vdeselect
42 /—’/f/f
41 ‘ : : | | |
-25 0 25 50 75 100 125 150

Junction Temperature [°C]
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