500mA and 1.5A, 3.3V Dual Input
Linear Regulator with Auxiliary Control

The CS5233-3 provides a glitch-free
3.3V output from one of three possi-
ble supplies, (V N, Vsg and 3.3Vayux).
An on-chip linear regulator powers
the output when either V,y or Vg is
available. Otherwise AuxDrv turns
on an external PFET, which con-
nects the 3.3Vux supply to the out-
put. The CS5233-3 is intended to
provide power to an ASIC on a PCI
Network Interface Card (NIC), and
meets Intel’s “Instantly Available”
power requirements which follow
from the Advanced Configuration
and Power Interface (ACPI) stan-
dards. Other applications include
desktop computers, power supplies
with multiple input sources, and
PCMCIA interface cards.

The CS5233-3 linear regulator pro-
vides a fixed 3.3V output at up to
1.5A with an overall accuracy of
*+2%. The internal NPN-PNP com-
posite pass transistor provides a

Application Diagram

low dropout voltage and requires
less supply current than a straight
PNP design. Full protection with
both current limit and thermal shut-
down is provided. Designed for
low reverse current, the IC prevents
excessive current from flowing
from Vg to either V,y or ground
when the regulator input voltage is
lower than the output. The auxil-
iary drive control feature allows the
use of an external PFET to supply
power to the output when the regu-
lator supplies are off.

The CS5233-3 regulator is available
in two package types: the 5 Lead
D?PAK package (TO-263) and

8 Lead SOIC with 4 Lead Fused
(DF8) package. When powered
from the V,y source, the D’PAK is
rated for 1.5A and the 8 Lead SOIC
is rated for 500mA. Both packages
are rated for 500mA when only
powered from the Vgg source.

5V to 3.3V Dual Input Regulator with Auxiliary PFET Power Switch
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CS5233-3

Absolute Maximum Ratings
Operating JUNCLION TEMIPEIALUIE ........cooiiiiireeteerierireete st eeeeeseeteseseeseseeteseseesesesseseseesenessesessesesesseseessesesanse e asesesseseseasnsessaseneses 150°C
Lead Temperature Soldering:

ReflowW (SMD StYIES ONIY) ..o 60 sec. max above 183°C, 230° peak
Storage TeMPEIATUIE RANGE ......ooiiiiiiitiiieie ettt b e bbbt b et sb e e bt e b e s bt e b e e st e nbesbeeneenbesbeenee e —65° to 150°C
ESD Susceptibility (human bBody MOGEI) ..ottt r et seene s 2kV
ViN IC Power Input (Main) 6V -0.3V 100mA Internally

Limited
Vs IC Power Input (Standby) 6V -0.3V 100mA Internally
Limited
Vout Output Voltage 6V -0.3v Internally 100mA
Limited
AuxDrv Auxiliary Drive Output 6V -0.3V 10mA 50mA
Gnd IC Ground N/A N/A N/A N/A

Electrical Characteristics: 0°C < T, < 70°C; 0°C < T; < 150°C; 4.75V < VN, Vgg < 6V

Court 2 10pF with ESR < 1Q, gyt = 10mA,; unless otherwise specified.

PARAMETER TEST CONDITIONS UNIT

m Linear Regulator

Output Voltage 10mA < oyt < lyax 3.234 3.300 3.366 \%
Note 3 2% +2%

Line Regulation lout = 10MA; Vsource = 4.75V to 6V 1 5 mV
Note 2

Load Regu|at|0n VSOURCE = 5V, IOUT =10mA to IMAX 5 15 mV
Note 2, Note 3

Ground Current lour = 10mA 2 3 mA
lout = 500MA 3 6 mA
lout = 1.5A, Note 2 9 20 mA

Reverse Current Vsource = 0V; Vour = 3.3V 0.4 1.0 mA
Note 2

Current Limit Vy Input

8 Lead SOIC 0V < Vour <3.2V 0.55 0.80 1.30 A

5 Lead D’PAK VN > 4.25V 1.6 2.4 45 A

Current Limit Vgg Input 0V <Vgut <32V 0.55 0.80 1.30 A

Either package VN <4.25V; Vg > 4.25V

Thermal Shutdown Note 1 150 180 210 °C

Thermal Shutdown Note 1 25 °C

Hysteresis

m Auxiliary Drive

V\n Turn-On Threshold Vgg = 0V; Ramp V| y up until AuxDrv goes 4.35 4.50 4.65 \%
high and regulator turns on

V\n Turn-Off Threshold Vgg = 0V; Ramp V, down until AuxDrv 4.25 4.40 4.55 \
goes low and regulator turns off

Vgg Turn-On Threshold VN = 0V; Ramp Vg until AuxDrv goes high 4.35 4.50 4.65 \Y
and regulator turns on

Vg Turn-Off Threshold VN = 0V; Ramp Vgg down until AuxDrv 4.25 4.40 4.55 V
goes low and regulator turns off

Threshold Hysteresis 75 100 125 mV




Electrical Characteristics: 0°C < T < 70°C; 0°C < T; < 150°C; 4.75V <V, Vg < 6V;

Court 2 10pF with ESR < 1Q, Iyt = 10mA,; unless otherwise specified.

PARAMETER TEST CONDITIONS UNIT

m Auxiliary Drive: continued

AuxDrv Peak Voltage Vout = 0V; 0V <Vgource< 2V, Note 2 0.4 18 \Y
Vout = OV; lauxory = 100pA; 0.1 0.4 \Y
2V <V |y <4.25V; 2V < Vg < 4.25V
Vout = 3V, Lauxory = 100pA; 0.1 0.4 \Y
0V <V)y<4.25V; 0V < Vg <4.25V

AuxDrv High Voltage VN OF Vgg > 4.65V 3.75 4.00 V

AuxDrv Pin Current Limit Vauxory = 1V; Vsource = 4, Note 2 0.5 6.0 25.0 mA

Vauxpry Turn-Off Step Vsource from 4V to 5V, Note 1, Note 2 20 40 Us

Response Time

Vauxpry TUrN-On Step Vsource from 5V to 4V, Note 1, Note 2 1 10 us

Response time

Pull-Up Resistance Vin =0V and V> 4.7V, Note 1, Note 2 5 10 25 kQ

Note 1: Guaranteed by Design, not 100% production tested.
Note 2: Applies to either Vy or Vgg.
Note 3: Iyax = 1.5A for D?PAK only and with V,y > 4.75V, otherwise Iyax = 500mA.

Package Lead Description
PACKAGE LEAD # LEAD SYMBOL FUNCTION

8 Lead SO Narrow
5 Lead D?PAK Internally Fused Leads

1 1 Vg Standby 5V input voltage.
2 2 VN 5V Main input voltage.
3, Tab 5,6,7,8 Gnd Ground and IC substrate connection.
4 3 Vout Regulated output voltage.
5 4 AuxDrv Control voltage for the external PFET switched auxiliary

supply. This pin drives low if V,y and Vgg are less than
4.4V (typical), otherwise it is pulled up to the greater of
Vn Or Vgg through an internal diode and 10kQ resistor.
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CS5233-3

Block Diagram
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Typical Performance Characteristics
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Typical Performance Characteristics: continued
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CS5233-3

Typical Performance Characteristics: continued
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AuxDrv Voltage vs. Input Voltage (Vsg or V) at three temperatures.

Application Information

Input and Output Voltage Matrix

Input Outputs
Vout Vour

Vin Vsg 3.3V aux AuxDrv/5V Detect 5 Lead D?PAK 8 Lead SOIC
ov ov ov On (low) ov ov
ov ov 3.3V On (low) 3.3Vaux 3.3Vaux
ov 5V ov Off (high) 3.3VRres @ 500mA 3.3VRres @ 500mA
ov 5V 3.3V Off (high) 3.3VRgeg @ 500mA 3.3VReg @ 500mA
5V ov ov Off (high) 3.3VRec @ 1.5A 3.3Vgec @ 500mA
5V oV 3.3V Off (high) 3.3VRes @ 1.5A 3.3VRes @ 500mA
5V 5V oV Off (high) 3.3VRes @ 1.5A 3.3VReg @ 500mA
5V 5V 3.3V Off (high) 3.3VRec @ 1.5A 3.3Vgec @ 500mA

Theory of Operation

Linear Regulator

The CS5233-3 is a dual input fixed 3.3V linear regulator
that contains an auxiliary drive control feature. When V,y
alone is present, or V5 and Vg are simultaneously pre-
sent, the CS5233-3 uses the V| supply to generate the 3.3V
output at currents of up to 1.5A. When Vgg alone is pre-
sent, the CS5233-3 uses the Vg supply to generate the 3.3V
output at currents of up to 500mA. The linear regulator is
composed of a composite PNP-NPN pass transistor to pro-
vide low-voltage dropout capability. An output capacitor
greater than 10uF with equivalent series resistance (ESR)
less than 1Q is required for compensation. More informa-
tion is provided in the Stability Considerations section.

Auxiliary Drive Feature

The CS5233-3 provides an auxiliary drive feature that
allows a load to remain powered even if both supplies to

the IC are absent. An external p-channel FET is the only
additional component required to implement this function
when the auxiliary power supply is available. The PFET
gate is connected to the IC’s AuxDrv output, the PFET
drain is connected to the auxiliary power supply, and the
PFET source is connected to the load. The polarity of this
connection is very important, since the PFET body diode
will be connected between the load and the auxiliary sup-
ply. If the PFET is connected with its drain to the load and
its source to the supply, the body diode could be forward-
biased if the auxiliary supply is not present. This would
result in the linear regulator providing current to every-
thing on the auxiliary supply rail.

The AuxDrv (5V detect) output is pulled up to the input
voltage through an internal resistor when V,\ or Vg are
available. If V| and Vg are not available or both drop
below 4.4V, the AuxDrv output goes low, turning on an
external PFET that connects the 3.3V auxiliary supply to
the load. The AuxDrv is low only when neither V,y nor Vg
are available.



Application Information: continued

There is 100mV of hysteresis (typical) in the circuitry that
determines if V |\ or Vg are present.

Stability Considerations

The output capacitor helps determine three main charac-
teristics of a linear regulator: loop stability, load transient
response, and start-up delay. The CS5233-3 is designed to
be stable with an output capacitor that has a minimum
value of 10pF and an equivalent series resistance less than
1Q. To guarantee loop stability, the output capacitor
should be located close to the regulator output and ground
pins. The load transient response, during the time it takes
the regulator to respond, is also determined by the output
capacitor. For large changes in load current, the ESR of the
output capacitor causes an immediate drop in output volt-
age given by:

AV = Al x ESR

There is then an additional drop in output voltage given
by:

AV =AIxT/C

where T is the time for the regulation loop to begin to
respond, (typically 4ps for the CS5233-3). If tight output
regulation is required with fast changing loads, a capacitor
network of tantalum and low ESR ceramic capacitors can
be added as close to the load as possible, with enough
capacitance and a reduced ESR to minimize the voltage
change, as determined by the formulas above.

Input Capacitors and the V,y Thresholds

A capacitor placed on the V,y pin will help to improve
transient response. During a load transient, the input
capacitor serves as a charge “reservoir”, providing the
needed extra current until the external power supply can
respond. One of the consequences of providing this current
is an instantaneous voltage drop at V5 due to capacitor
ESR. The magnitude of the voltage change is again the
product of the current change and the capacitor ESR.

It is very important to consider the maximum current step
that can exist in the system. If the change in current is large
enough, it is possible that the instantaneous voltage drop
on V,y will exceed the V| threshold hysteresis, and the IC
will enter a mode of operation resembling an oscillation.
As the part turns on, the output current loy7 will increase,
reaching current limit during initial charging. Increasing
louT results in a drop at V| such that the shutdown thresh-
old is reached. The part will turn off, and the load current
will decrease. As lgyt decreases, V,y will rise and the part
will turn on, starting the cycle all over again. This oscilla-
tory operation is most likely at initial start-up when the
output capacitance is not charged, and in cases where the
ramp-up of the V| supply is slow. It may also occur dur-
ing the power transition when the linear regulator turns on
and the PFET turns off. A 20us delay exists between turn-
on of the regulator and the AuxDrv pin pulling the gate of

the PFET high. This delay prevents “chatter” during the
power transitions.

If required, using a few capacitors in parallel to increase
the bulk charge storage and reduce the ESR should give
better performance than using a single input capacitor.
Short, straight connections between the power supply and
V |y lead along with careful layout of the PC board ground
plane will reduce parasitic inductance effects. Wide V,y
and Vg7 traces will reduce resistive voltage drops.

Choosing the PFET Switch

The choice of the external PFET switch is based on two
main considerations. First, the PFET should have a very
low turn-on threshold. Choosing a switch transistor with
Veson) = 1V will ensure the PFET will be fully enhanced
with only 3.3V of gate drive voltage. Second, the switch
transistor should be chosen to have a low Rpgony) to mini-
mize the voltage drop due to current flow in the switch.
The formula for calculating the maximum allowable on-
resistance is

Vauxaing ~ Yourming
1.5 X loyTtgmax)

Rpsonymax =

Vauxiny is the minimum value of the auxiliary supply
voltage, Voyrminy is the minimum allowable output volt-
age, loutvax) is the maximum output currentand 1.5 is a
“fudge factor” to account for increases in Rpgon) due to
temperature.

Output Voltage Sensing

It is not possible to remotely sense the output voltage of
the C5233-3 since the feedback path to the error amplifier is
not externally available. It is important to minimize voltage
drops due to metal resistance of high current PC board
traces. Such voltage drops can occur in both the supply
traces and the return traces.

The following board layout practices will help to minimize
output voltage errors:

= Always place the linear regulator as close to both load
and output capacitors as possible.

= Always use the widest possible traces to connect the lin-
ear regulator to the capacitor network and to the load.

= Connect the load to ground through the widest possible
traces.

= Connect the IC ground to the load ground trace at the
point where it connects to the load.

Current Limit

The CS5233-3 has internal current limit protection. Output
current is limited to a typical value of 3A for the D?PAK
using V,y and 800mA using Vgg, even under output short
circuit conditions. If the load current drain exceeds the cur-
rent limit value, the output voltage will be pulled down
and will result in an out of regulation condition.
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Application Information: continued

Thermal Shutdown

The CS5233-3 has internal temperature monitoring cir-
cuitry. The output is disabled if junction temperature of the
IC reaches 180°C. Thermal hysteresis is typically 25°C and
allows the IC to recover from a thermal fault without the
need for an external reset signal. The monitoring circuitry
is located near the composite PNP-NPN output transistor,
since this transistor is responsible for most of the on-chip
power dissipation. The combination of current limit and
thermal shutdown will protect the IC from nearly any fault
condition.

Reverse Current Protection

During normal system operation, the auxiliary drive cir-
cuitry will maintain voltage on the Vg7 pin. IC reliability
and system efficiency are improved by limiting the amount
of reverse current that flows from Vg7 to ground and
from Vgyr to V. Current flows from Vg to ground
through the feedback resistor divider that sets up the out-
put voltage, typically 400pA. Current flow from Vgyr to
V\n Will be limited to leakage current after the IC shuts
down. On-chip RC time constants are such that the output
transistor should be turned off well before V,y drops below
the Vgyr voltage.

Calculating Power Dissipation and
Heatsink Requirements

Most linear regulators operate under conditions that result
in high on-chip power dissipation. This results in high
junction temperatures. Since the IC has a thermal shut-
down feature, ensuring the regulator will operate correctly
under normal conditions is an important design considera-
tion. Some heatsinking will usually be required.

Thermal characteristics of an IC depend on four parame-
ters: ambient temperature (T in °C), power dissipation (Pp
in watts), thermal resistance from the die to the ambient air
(64 in °C per watt) and junction temperature (T; in °C).
The maximum junction temperature is calculated from the
formula below:

Timax) = Tamax) + 81a X Popmax)

Maximum ambient temperature and power dissipation are
determined by the design, while 6,4 is dependent on the
package manufacturer. The maximum junction tempera-
ture for operation of the CS5233-3 within specification is
150°C. The maximum power dissipation of a linear regula-
tor is given as

Pomax) = (Vinemax) = Voutming) X lLoapmmax)
+ Vinmax) X lendmax)

where lgngmax) is the 1C bias current.

It is possible to change the effective value of 6,4 by adding
a heatsink to the design. A heatsink serves in some manner
to raise the effective area of the package, thus improving
the flow of heat from the package into the surrounding air.
Each material in the path of heat flow has its own charac-

teristic thermal resistance, all measured in °C per watt. The
thermal resistances are summed to determine the total
thermal resistance between the die junction and air. There
are three components of interest: junction-to-case thermal
resistance (8;c), case-to-heatsink thermal resistance (B¢s)
and heatsink-to-air thermal resistance (655). The resulting
equation for junction-to-air thermal resistance is

8)a = B)c + Ocs + Bsa OF B)4 = B)c + B fOr 65 =0

The value of 8¢ for the CS5233-3 is provided in the
Packaging Information section of this data sheet. 65 can be
considered zero, since heat is conducted out of the package
by the IC leads and the tab of the D?PAK package, and
since the IC leads and tab are soldered directly to the PC
board.

Modification of B, is the primary means of thermal man-
agement. For surface mount components, this means modi-
fying the amount of trace metal that connects to the IC.

The thermal capacity of PC board traces is dependent on
how much copper area is used, if the IC is in direct contact
with the metal, whether the metal surface is coated with
some type of sealant, and whether there is airflow across
the PC board. The chart provided below shows heatsinking
capability of a square, single sided copper PC board trace.
The area is given in square millimeters, and it is assumed
there is no airflow across the PC board.
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Package Specification

PACKAGE DIMENSIONS IN mm (INCHES)

D
Lead Count Metric English
Max Min Max Min
8 Lead SO Narrow* 500 480 .197 .189

HHHH — T

4,00 (.157) 6.20 (244)

3.80 (.150) 5.80 (.228)
l A\

0.51 (.020) J L j

033 (013 1.27 (050) BSC
v 1.75 (.069) MAX

l 1.57 (.062)
f

1.37 (054) &Dﬁ_ ¥
0.25 (0.10)
o 0.10 (:004)

0.25 (.010)
0.19 (.008)

J Ll.ﬂ (.050)
0.40 (.016)

REF: JEDEC MS-012

*Internally Fused Leads

Ordering Information

Description
5 Lead D?PAK
5 Lead D?PAK (tape & reel)

8 Lead SO Narrow
(Internally Fused Leads)

8 Lead SO Narrow

Part Number
CS5233-3GDP5
CS5233-3GDPR5
CS5233-3GDF8

CS5233-3GDFR8

(Internally Fused Leads) (tape & reel)

5 Lead 8 Lead
Thermal Data D?PAK SO Narrow*
Rowc typ 1.0-4.0 25 °C/W
Romn typ 10-50** 110 °C/W

**Depending on thermal properties of substrate. Rgya = Rejc + Reca.

5 Lead D2PAK (DP)

10.31 (.406)

10.05 (:396) __,| 1.40 (055)
1:14(:045)ﬂ f—
1.68 (.066)
1.40 (.055)
T T
8.53 (.336) O
8.28 (:326)
15.75 (.620)
14.73(.580) ‘ 4‘ F%(%Z)L
{ { { { { 0.91 (.036)
0.66 (.026)
‘ ‘ ‘ ‘ ‘ } 2.79 (.110)
| 2.29 (:090)
1.70 (.067) REF H‘ ‘H 254 (.010) REF il

4,57 (.180) 0.10 (.004,
731 (.170) Wﬂ%mﬁ)?
T I I

ON Semiconductor and the ON Logo are trademarks of
Semiconductor Components Industries, LLC (SCILLC). ON
Semiconductor reserves the right to make changes without
further notice to any products herein. For additional infor-
mation and the latest available information, please contact
your local ON Semiconductor representative.
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