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LM3544

Quad Port USB Power Distribution Switch and

Over-Current Protection

General Description

The LM3544 is a quad high-side power switch that is an ex-
cellent choice for use in Root, Self-Powered and
Bus-Powered USB (Universal Serial Bus) Hubs. Indepen-
dent port enables, flag signals to alert USB controllers of er-
ror conditions, controlled start-up in hot-plug events, and
short circuit protection all satisfy USB requirements.

The LM3544 accepts input voltages between 2.7V and 5.5V.
The Enable logic inputs, available in active-high and
active-low versions, can be powered off any voltage in the
2.7V to 5.5V range. The LM3544 limits the continuous cur-
rent through a single port to 1.25A (max.) when it is shorted
to ground.

The low on-state resistance of the LM3544 switches ensures
the LM3544 will satisfy USB voltage drop requirements,
even when current through a switch reaches 500 mA. Thus,
High-Powered USB Functions, Low-Powered USB func-
tions, and Bus-Powered USB Hubs can all be powered off a
Root or Self-Powered USB Hub containing the LM3544.

Added features of the LM3544 include current foldback to re-
duce power consumption in current overload conditions,
thermal shutdown to prevent device failure caused by
high-current overheating, and undervoltage lockout to keep
switches from operating if the input voltage is below accept-
able levels.

Features

® 90mQ (typ.) High-Side MOSFET Switch

® 500mA Continuous Current per Port

® 7 ms Fault Flag Delay Filters Hot-Plug Events

m |Industry Standard Pin Order

m Short Circuit Protection with Power-Saving Current
Foldback

B Thermal Shutdown Protection

m Undervoltage Lockout

m Recognized by UL; Holds Nemko CB

m |nput Voltage Range: 2.7V to 5.5V

® 5pA Maximum Standby Supply Current

m 16-Pin SOIC Package

m Ambient Temperature Range: —40°C to 85°C

Applications

m USB Root, Self-Powered, and Bus-Powered Hubs
m USB Devices such as Monitors and Printers

m General Purpose High Side Switch Applications

UL Recognized Component
DS101208-32

Functional Diagram
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LM3544

Connection Diagram

LM3544-H
16-Pin SOIC
—/

GND1 1 16 J FLAGT
INT ] 2 15 oUT1
ENT[]3 141 0UT2
EN2 [ 4 13 [ FLAG2

GND2 [ 5 12 [ FLAG3
IN2 O] 6 11 [ 0uT3
EN3 Q7 103 out4
EN4 8 9] FLAG4

DS101208-2
Top View

Ordering Information

LM3544-L
16-Pin SOIC
-/

GND1 1 16 [ FLAG1
INT ] 2 15[ ouT1
N1 O3 14 ouT2
EN2 [ 4 13 [ FLAG2

6ND2 [ 5 12 A FLAG3
IN2 O] 6 113 ouT3
N3 Q7 10 [ 0UT4
EN4 [ 8 9[A FLAG4

DS101208-29
Top View

Package Type

SO-16

Part Number Enable, Delivery Option
LM3544M-H Active High Enable

LM3544M-L Active Low Enable

LM3544MX-H Active High Enable, 2500 units per reel
LM3544MX-L Active Low Enable, 2500 units per reel

NS Package Number M16A

Typical Application Circuit
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FIGURE 1. The LM3544 used in a Self-Powered or Root USB Hub
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Absolute Maximum Ratings  (Note 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

-0.3V to 6V
-0.3V to 5.5V

Voltage at INy and OUTy pins
Voltage at ENy(ENy) and FLAGy
pins

Power Dissipation  (Note 2)
Maximum Junction Temperature
Storage Temperature Range

Internally Limited
150°C
-65°C to 150°C

DC Electrical Characteristics

Lead Temperature Range

(Soldering, 5 sec.) 260°C
ESD Rating (Note 3) 2 kv
Operating Ratings

Supply Voltage Range 2.7V to 5.5V

Continuous Output Current Range
(Each Output)

Junction Temperature Range

0 mA to 500 mA
-40°C to 125°C

Limits in standard typeface are for T; = 25°C, and limits in boldface type apply over the full operating temperature range. Un-
less otherwise specified: V,y = 5.0V, ENx = V,y (LM3544-H) or ENy = OV (LM3544-L).

Symbol Parameter Conditions Min Typ Max Units
Ron On Resistance Vin = V. lourx = 0.54 %0 125 mQ
Vin = 3.3V, Ioutx = 0.5A 95 130
lout OUTy Continuous Output 3.0V <V £55V 0.5 A
Current
L eak-ouT OUTy Leakage Current ENy = 0 (ENy = V,0); 0.01 1 HA
T,=25C
ENy = 0 (ENy = V,); 10 PA
-40<T,;<125°C
Isc OUTx Short-Circuit Current OUTyx Connected to GND 0.8 1.25 A
(Note 4)
OChrESH Overcurrent Threshold 2.0 3.2 A
Vi FLac FLAG, Output-Low Voltage I(FLAG,) = 10 mA 0.1 0.3 Y
| EAK-FLAG FLAG, Leakage Current 2.7 < Vg ag €55V 0.2 1 LA
| eak-EN EN, Input Leakage Current ENX/@X =0V or -0.5 0.5 HA
EN,/EN, = V,y
Vig EN/EN Input Logic High 2.7V <V, <55V 2.4 \%
VL EN/EN Input Logic Low 45V <V, £55V 0.8 \%
2.7V <V, 4.5V 0.4 \Y;
Y Under-Voltage Lockout 1.8 \%
wviLo Threshold
EN, =V (EN, = 0); 375 600 PA
Ibbon Operational Supply Current T,=25C —
EN, =V, (EN,=0); 800 PA
-40°C < T;<125°C
EN, = 0 (EN, = V,); 1 BA
IbboFF Shutdown Supply Current T,=25C
-40°C < T, £125°C 5 HA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device
beyond its rated operating conditions.

Note 2: The maximum allowable power dissipation is a function of the Maximum Junction Temperature (T jyax), Junction to Ambient Thermal Resistance (6;4), and
the Ambient Temperature (Ta). The LM3544 in the 16-pin SOIC package has a Tjyax of 150°C and a 84 of 130°C/W. The maximum allowable power dissipation at
any temperature is Pyax = (Tymax — Ta)/03a. Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the part will go into
thermal shutdown.

Note 3: The Human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.

Note 4: Thermal Shutdown will protect the device from permanent damage.
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LM3544

AC Electrical Characteristics
Limits are for T, = 25°C and V, = 5.0V.

Symbol Parameter Conditions Min Typ Max Units
t, OUT, Rise Time (Note 5) C. =33 yF, I oap = 500 mA 15 ms
te OUT, Fall Time (Note 6) C. =33 yF, l_oap = 500 mA 0.9 ms

ton Turn-on Delay (Note 7) C. =33 yF, I oap = 500 mA 2.9 ms
torr Turn-off Delay (Note 8) C_ =33 uF, I oap = 500 mA 0.7 ms
te Flag Delay (Note 9) leLag = 10 mA 7 ms

Note 5: Time for OUTy to rise from 10% to 90% of its enabled steady-state value after ENy (ﬁx) is asserted.
Note 6: Time for OUT, to fall from 10% to 90% of its enabled steady-state value after EN, (EN,) is deasserted.

Note 7: Time between ENj rising through V4 (ENy falling through V) and OUT, rising through 90% of its enabled steady-state voltage.
Note 8: Time between EN, falling through V,,_ (EN, rising through V,;;) and OUT, falling through 10% of its enabled steady-state voltage.

Note 9: Time between EN, rising through V,y (ENy falling through V,y) and FLAGy falling through 0.3V when OUTy is connected to GND.

Pin Description

Pin Number Pin Name Pin Function
2,6 IN1, 2 Supply Inputs: These pins are the inputs to the power switches and the
supply input for the IC. In most applications they are connected together
externally and to a single input voltage supply.
1,5 GND 1, 2 Grounds: Must be connected together and to a common ground.
15, 14, 11, 10 OouUT 1, 2,3, 4 Switch Outputs: These pins are the outputs of the high side switches.
3,4,7,8 LM3544-H: EN 1, 2, 3, 4 Enable (Inputs): Active-high (or active-low) logic enable inputs.
(LM3544-L: EN 1, 2, 3, 4)
16, 13, 12,9 FLAG 1, 2, 3,4 Fault Flag (Outputs): Active-low open drain outputs. Indicates over-current,

details.

UVLO or thermal shutdown. See "Application Information” section for more
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Typical Performance Characteristics

specified.

Ron Vs Input Voltage
104
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100 \

S o8

i:g 96 \\
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DS101208-5

Quiescent Current, Output(s) Enabled vs
Junction Temperature

450 T T T
4 Outputs Enabled
‘/
400 //7
350 /ﬁ) tputs Enabled
utputs Enable
2 3007
2
o 250
2 Outputs Enabled
200
]
//
150 1 Output Enabled
100

-50 -25 0 25 50 75 100 125

Temperature (°C)
DS101208-7

Quiescent Current, Output(s) Enabled vs
Input Voltage

500 T T T
4 Outputs Enabled
400
L—""3 Outputs Enabled
B M e
3 T
— 2 Outputs Enabled
< 9200 |~ |
e
— 1 Output Enabled
100
0

25 3 3.5 4 4.5 5 5.5

Input Voltage (V)
DS101208-9

Vin = 5.0, lour x = 500mA, T, = 25°C unless otherwise

Ron VS Junction Temperature
120

110

100 /

90 /

RON (mQ)

80

70 A4

60
-50 -25 0 25 50 75 100 125

Temperature (°C)
DS101208-6

Quiescent Current, Output(s) Disabled vs
Junction Temperature
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LM3544

specified. (Continued)

Short-Circuit Output Current vs
Junction Temperature (Note 10)
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DS101208-13

Under-Voltage Lockout (UVLO) Threshold vs
Junction Temperature
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Turn-Off Delay vs Input Voltage
(Cin = 33 R, Cour = 33 pF)
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Typical Performance Characteristics

Vin = 5.0, lour x = 500mA, T, = 25°C unless otherwise

Over-Current Threshold vs
Junction Temperature (Note 10)
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Typical Performance Characteristics

specified. (Continued)

Turn-On/Turn-Off Response with 47  Q/33pF Load

ENy
(5V/Div) k
FLAGy

(5v/Div)

0uTy
(2v/Div)

lout _x
(100 mA/Div) =

N
/,

2 ms/Div
DS101208-18

Enable Into a Short (Note 10)

ENy
(5V/Div)

FLAGy
(5V/Div) Lormrtt i im ek

ouTy
(100 mV/Div) [

lout_x
(1A/Div) &=

2 ms/Div
DS101208-20

Over-Current Response with Ramped Load
on OUT1 and Fixed Load on OUT2 (Note 10)

FLAG, |
(5V/Div)
FLAG,
(5V/Div)

our,
(5V/Div) [

Y

lout_1 L
(1A/Div) N

2 ms/Div

DS101208-22

Note 10: Output is shorted to Ground through a 100 mQ resistor.

Note 11: Load is two capacitors and one resistor in parallel to model an actual USB load condition. The first capacitor has a value of 33 pF to model the LM3544
output capacitor. The second capacitor has a value of 10 uF to model the maximum allowable input capacitance of the downstream device. The resistor is a 47Q

Vin = 5.0, lour x = 500mA, T, = 25°C unless otherwise

Turn-On/Turn-Off Response with 10 Q/33uF Load

ENy
(5V/Div)
FLAGy
(5Vv/Div)

/
ouTy /
(2v/Div)

lout_x
(500 mA/Div) — -

2 ms/Div
DS101208-19

Short Connected to Enabled Device  (Note 10)

FLAGy :l |
(5V/Div) ]

ouTy ] 7
(5V/Div) ft /.HH e

lout_x
(1A/Div) If

2 ms/Div
DS101208-21

Inrush Current to Downstream Device
when LM3544 is Enabled (Note 11)

ENy
(5v/Div)

lout_x [
(50 mA/Div)

2 ms/Div
DS101208-23

resistor to model the maximum allowable input resistance of the downstream device.
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Functional Description

Power Switches

The power switches that comprise the four ports of the
LM3544 are N-Channel MOSFETs. They have a typical
on-state drain-to-source resistance of 90 mQ when the input
voltage is 5 V. When enabled, each switch will supply a 500
mA minimum current to its load. In the unlikely event that a
switch is enabled and the output voltage of that switch is
pulled above the input voltage, the bi-directional nature of
the switch results in current to flow from the output to the in-
put. When a switch is disabled, current flow through the
switch is prevented in both directions.

Charge Pump and Driver

The gate voltages of the high-side NFET power switches are
supplied by an internal charge-pump and driver circuit com-
bination. The charge pump is a low-current
switched-capacitor circuit that efficiently generates voltages
above the LM3544 input supply. The charge pump output is
used to supply a transconductance amplifier driver circuit
that controls the gate voltages of the power switches. Rise
and fall times on the gates are typically kept between 2 ms
and 4 ms to limit large current surges and associated elec-
tromagnetic interference (EMI).

ENABLE (EN, or EN,)

The LM3544 comes in two versions: an active-high enable
version, LM3544-H, and an active-low enable version,
LM3544-L. In the LM3544-H, the EN, pins are active-high
logic inputs that, when asserted, turn on the associated
power supply switch(es). Power supply switches are con-
trolled by the EN, active-low logic inputs in the LM3544-L.
With all four ports disabled on either version of the LM3544,
less than 5 pA of supply current is consumed. Both types of
enable inputs, active-high and active-low, are TTL and
CMOS logic compatible.

Input and Output

The power supply to the control circuitry and the drains of the
power-switch MOSFETSs are connected to the two input pins,
IN1 and IN2. These two pins are connected externally in
most standard applications. The two ground nodes GND1
and GND2 must be connected externally in all applications.

Pins OUT1, OUT2, OUT3, and OUT4 are connections to the
source nodes of the power-switch MOSFETSs. In a typical ap-
plication circuit, current flows through the switches from IN1
and IN2 to OUT, toward the load.

Undervoltage Lockout (UVLO)

Undervoltage Lockout (UVLO) prevents the MOSFET
switches from turning on until the input voltage exceeds a
typical value of 1.8V.

If the input voltage drops below the UVLO threshold, the
MOSFET switches are opened and fault flags are activated.
UVLO flags function only when one or more of the ports is
enabled. If a port is enabled in a UVLO condition, flags cor-
responding to the enabled port and its dual (port 1 is paired
with port 2, port 3 is paired with port 4) are asserted.

Current Limit and Foldback

The current limit circuit is designed to protect the system
supply, the LM3544 switches, and the load from potential
damage resulting from excessive currents. If a direct short
occurs on an output of the LM3544, the input capacitor(s)

rapidly discharge through the part, activating current limit cir-
cuitry. The threshold for activating current limiting is 2.0A
(typ.). Protection is achieved by momentarily opening the
MOSFET switch and then gradually turning it on. Turn-on is
halted when the current through the switch reaches the
current-limit level of 1.0A (typ.) The current is held at this
level until either the excessive load/short is removed or the
part overheats and thermal shutdown occurs (see Thermal
Shutdown section, below). The fault flag of a switch is as-
serted whenever the switch is current limiting.

If a port on the LM3544 is enabled into a short condition, the
output current of that port will rise to the current-limit level
and hold there.

When a port is in a current-limit condition, the LM3544
senses the output voltage on that port and, if it is less than
1.0V (typ.), will reduce the output current through that port.
This operation is shown in Figure 2, below. The current re-
duction, or foldback, reduces power dissipation through the
overloaded MOSFET switch. An additional advantage of the
foldback feature is the reduction of power required from the
source supply when one or more output ports are shorted.

1.2

1.0 o

0.8

0.6

0.4

Short Circuit Current (A)

0.2

0.0

00 02 04 06 08 1.0
Vour (V)

DS101208-17
FIGURE 2. Short-Circuit Output Current (with
Foldback) vs. Output Voltage

Thermal Shutdown

The LM3544 is internally protected against excessive power
dissipation by a two-stage thermal protection circuit. If the
device temperature rises to approximately 145°C, the ther-
mal shutdown circuitry turns off any switch that is current lim-
ited. Non-overloaded switches continue to function normally.
If the die temperature rises above 160°C, all switches are
turned off and all four fault flag outputs are activated. Hyster-
esis ensures that a switch turned off by thermal shutdown
will not be turned on again until the die temperature is re-
duced to 135°C. Shorted switches will continue to cycle off
and on, due to the rising and falling die temperature, until the
short is removed.

The thermal shutdown function is shown graphically in Fig-
ure 3 and Figure 4.
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Functional Description  (continued)

Flag1
(5V/Div) |#

(1A;)[gji1; :l]]] “ II

Flag2
(5V/Div)

ouT2
(5v/Div)

20 us/Div
DS101208-25
FIGURE 3. Thermal Shutdown Characteristics when
only the First-Stage Thermal-Shutdown Mode is
Needed

T, rises T, falls
to 160°C to 130°C

!

Flag1 —|

(5V/Div) [

ouT1
(500 mA/Div)

Flag2 [
(5v/Div) |
out2 ||

(sv/Div) | |

L

o

1.0 2.0 3.0 4.0 5.0

Time (ms)
DS101208-26

FIGURE 4. Thermal Shutdown Characteristics when
Both First-Stage and Second-Stage Thermal-Shutdown
Modes are Needed

In Figure 3, port 1 is enabled into a short. When this occurs,
the MOSFET switch of port 1 repeatedly opens and closes
as the device temperature rises and falls between 145°C and
135°C. In this example, the device temperature never rises
above 160°C. The second stage thermal shutdown is not
used and port 2 remains operational.

When port 1 is enabled into a short in the example illustrated
in Figure 4, the device temperature immediately rises above
160°C. A higher ambient temperature or a larger number of
shorted outputs can cause the junction temperature to in-
crease, resulting in the difference in behavior between the
current example and the previous one. When the junction
temperature reaches 160°C, all four ports are disabled (ports
3 and 4 are not shown in the figure) and all four fault-flag sig-
nals are asserted. Just prior to time index 2.5 ms, the device
temperature falls below 135°C, all four ports activate, and all
four fault flags are removed. The short condition remains on
port 1, however. For the remainder of the example, the de-
vice temperature cycles between 135°C and 145°C, causing
port 1 to repeatedly turn on and off but allowing the un-
shorted ports to function normally.

Soft Start

When a power switch is enabled, high levels of current will
flow instantaneously through the LM3544 to charge the large
capacitance at the output of the port. This is likely to exceed
the over-current threshold of the device, at which point the
LM3544 will enter its current-limit mode. The amount of cur-
rent used to charge the output capacitor is then set by the
current-limit circuitry. The device will exit the current-limit
mode when the current needed to continue to charge the
output capacitor is less than the LM3544 current-limit level.

Fault Flag

The fault flags are open-drain outputs, each capable of sink-
ing up to a 10 mA load current to typically 100 mV above
ground.

A parasitic diode exists between the flag pins and V, pins.
Pulling the flag pins to voltages higher than V,y will forward
bias this diode and will cause an increase in supply current.
This diode will also clamp the voltage on the flag pins to a di-
ode drop above V.

The fault flag is active (pulled low) when any of the following
conditions are present: under-voltage, current-limit, or
thermal-shutdown.

The LM3544 has an internal delay in reporting fault condi-
tions that is typically 7 ms in length. In start-up, the delay
gives the device time to charge the output capacitor(s) and
exit the current-limit mode before a flag signal is set. This de-
lay also prevents flag signal glitches from occurring when
brief changes in operating conditions momentarily place the
LM3544 into one of its three error conditions. If an error con-
dition still exists after the delay interval has elapsed, the ap-
propriate fault flag(s) will be asserted (pulled low) until the er-
ror condition is removed. In most applications, the 7 ms
internal flag delay eliminates the need to extend the delay
with an external RC delay network.

Application Information

Output Filtering

The schematic in Figure 1 showed a typical application cir-
cuit for the LM3544. The USB specification requires 120 uF
at the output of each hub. A four-port hub with 33 pF tanta-
lum capacitors at each port output meets the specification.
These capacitors provide short-term transient current to
drive downstream devices when hot-plug events occur. Ca-
pacitors with low equivalent-series-resistance should be
used to lower the inrush current flow through the LM3544
during a hot-plug event.

The rapid change in currents seen during a hot plug event
can generate electromagnetic interference (EMI). To reduce
this effect, ferrite beads in series between the outputs of the
LM3544 and the downstream USB port are recommended.
Beads should also be placed between the ground node of
the LM3544 and the ground nodes of connected down-
stream ports. In order to keep voltage drop across the beads
to a minimum, wire with small DC resistance should be used
through the ferrite beads. A 0.01 pF - 0.1 pF ceramic capaci-
tor is recommended on each downstream port directly be-
tween the V., and ground pins to further reduce EMI ef-
fects.

Power Supply Filtering

A sizable capacitor should be connected to the input of the
LM3544 to ensure the voltage drop on this node is less than
330 mV during a heavy-load hot-plug event. A 33 pF, 16V
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App”cation Information (Continued) mance Characteristics section of this datasheet. Next, calcu-
late the power dissipation through the switch with Equation

tantalum capacitor is recommended. The input supply (1)

should be further bypassed with a 0.01 pF - 0.1 pF ceramic PD = Rop * lps? (1)

capacitor, placed close to the device. The ceramic capacitor
reduces ringing on the supply that can occur when a short is
present at the output of a port.

Note: Equation for power dissipation neglects portion that
comes from LM3544 quiescent current because this value
will almost always be insignificant.

Extending the Fault Flag Delay Using this figure, determine the junction temperature with

While the 7 ms (typical) internal delay in reporting flag condi- Equation (2).

tions is adequate for most applications, the delay can be ex- T;=PD* 054 + Ta. @)
tended by connecting external RC filters to the FLAG pins, Where:
as shown in Figure 5. 8,4 = SOIC Thermal Resistance: 130°C/W and T, = Ambient
v Temperature ("C).
Compare the calculated temperature with the expected tem-
LM3544 perature used to estimate Rgy. If they do not reasonably
USB Controller 10k match, re-estimate Roy USing a more appropriate operating
10k temperature and repeat the calculations. Reiterate as neces-
OVERCURRENT -T_‘N,, L FLAG X sary.
o PCB Layout Considerations

Ap .
$ In order to meet the USB requirements for voltage drop,
DS101208.28 droop and EMI, each component used in this circuit must be

evaluated for its contribution to the circuit performance.

FIGURE 5. Typical Circuit for Lengthening the Internal These principles are illustrated in Figure 6. The following

Flag Dela o
9 y PCB layout rules and guidelines are recommended
o _ 1. Place the switch as close to the USB connector as pos-
Power Dissipation and Junction Temperature sible. Keep all V¢ traces as short as possible and use
A few simple calculations will allow a designer to calculate at least 50-mil, 1 ounce copper for all Vs traces. Solder
the approximate operating temperature of the LM3544 for a plating the traces will reduce the trace resistance.
given application. The large currents possible through the 2. Avoid vias as much as possible. If vias are used, use
low resistance power MOSFET combined with the high ther- multiple vias in parallel and/or make them as large as
mal resistance of the SOIC package, in relation to power possible.
packages, make this estimate an important design step. 3. Place the output capacitor and ferrite beads as close to
Begin the estimate by determining Roy at the expected op- the USB connector as possible.
erating temperature using the graphs in the Typical Perfor- 4. |If ferrite beads are used, use wires with minimum resis-
tance and large solder pads to minimize connection
resistance.
Cable
Ferrite Bead Connector
Trace Switch solder joint Contact
Resistance Resistance Resistance Resistance
0.010 0.10 0.020 0.030
0 50 mV 1
1 [}
1 1
1 — 10 mv 1
| S5mV 2,6 = |15 m 15 mV |
! (+) _'VW':_’ Vaus
1 1
: Power Supply 33 uF* 4785y : Downstream
1| 485V to5.25v 33 uF* 0.1 uF ; oy ! Perlphgal Port
I 7 LM3544 0.1 uf I 500mA Max
! 5mv 10mv 15my !
1 11 ,5 1
! (-) —e . . L AMMA—> 6D

* Tantalum or 100 uF electrolytic, per port.
DS101208-27

FIGURE 6. Self-Powered Hub Connections and Per-Port Voltage Drop
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Typical Applications

Root and Self-Powered USB Hubs

The LM3544 has been designed primarily for use in root and
self-powered USB hubs. In this application, the switches of
the LM3544 are used to connect the power source of the hub
to the power bus used by downstream devices and to protect
the hub from dangerously excessive loads and shorts to
ground. A high-power bus-powered function, low-power bus-
powered function, or a bus-powered hub can be driven
through a single port of the LM3544. A schematic of a circuit
that uses the LM3544 for power-supply switching in a typical
root or self-powered hub was shown earlier in this datasheet
in Figure 1.

Voltage drop requirements of USB power supplies require
the power outputs of the root and self-powered hubs to be no
less than 4.75V. For this reason, it is recommended that a 5V
power supply with a £3% output voltage tolerance is used in
this application. Combining a 3% supply with a
low-resistance PCB design and the low on-resistance of the
LM3544 power switches will ensure that the hub power out-
puts meet the USB voltage drop specification even with a
500mA load, the maximum allowed in the USB standard.

Bus-Powered USB Hubs

The LM3544 is capable of performing the power supply
switching functions required in Bus-Powered hubs. Use here
is very similar to the configuration used in root and
self-powered hubs. With bus-powered hubs, however, there
is no internal power supply to drive the input pins of the
LM3544. Instead, the input pins should be connected to the
power bus supplied by the upstream hub.

USB Bus-Powered Functions and General In-Rush
Current Limiting Applications

The LM3544 can be placed at the power-supply input of USB
bus-powered functions, or other similar devices, to protect
them from high in-rush currents. If the current being deliv-
ered to the device were to exceed the 2.0A over-current
threshold (typ.) of the LM3544, switches in violation would
open to protect the device from damage.

In addition to in-rush current limiting, the LM3544 can be
used in high-power bus-powered functions to keep current
levels of the function in compliance during power-up. The
USB specification requires the staged switching of power
when connecting high-power functions to the bus. When a
high-power function is initially connected to the bus, it must
not draw more than one unit supply (L00mA). After a connec-
tion is detected and enumerated, and if the upstream device
is capable of supplying the required power, the high-power
function may draw up to five unit loads (500mA). With the
proper control signals, the LM3544 can be used to achieve
this staged power connection. When the function is con-
nected to the bus, one or more of the LM3544 switches can
be closed to connect bus power only to circuitry needed dur-
ing the connection and enumeration process. If the function
is to be powered fully, remaining switches on the LM3544
can be closed to connect all blocks of the function to the
power bus. Figure 7 illustrates how the LM3544 can be con-
nected for use in bus powered functions.

LM3544-H
2 15 Internal Function
* IN1 ouT1 » » (with start-up
VBus _L47 F.L _L _L circuitry)
ul 0.1 uF 6 10 uF 0.1 uF
o T T IN2 T T
D- = - - =
GND
1? ouT2 14 _T_ _T_ Internal
3.3V Power Supply T1o uF T0.1 uF Function
OuT3 ", » Internal
g 16 FLAG1 _L _L Function
13 10 uF 0.1 uF
FLAG2 T T
12 FLAG3 N N
S FLAG4 ouT4 L » Internal
use _L _L Function
Control 3 10 uF 0.1 uF
o] e T
EN2
7 1
s EN3 GND1 -
EN4 GND2

DS101208-31

FIGURE 7. Using the LM3544 in USB Bus-Powered Functions
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LM3544

Typical Applications

Wake-on-USB and Remote Wakeup Applications

The LM3544 can be used in desktop and notebook PC
based root hubs to switch the power connection of USB de-
vices between the main power source, used when the device
is active, and a reduced power auxiliary supply. The auxiliary
supply, used when the device is in suspend mode, can dra-
matically decrease the power consumption of a computer
that contains devices that spend extended periods of time in
suspend mode. This application also works especially well
with devices configured for remote wakeup capabilities (i.e.:
using a keystroke on a mouse or keyboard to awaken a sus-
pended PC). A schematic showing an example of how the
LM3544 can be configured to switch the power connection of
a device between two separate sources is shown in Figure 8,
below.

In the example, the logic signals EN and SRC control the
power supply connections. If the EN signal is low, all four

(Continued)

LM3544 switches will be open and neither supply will be con-
nected to the bus. If EN and SRC are both high, switch 1 and
switch 3 close, connecting the main power supply to the two
bus power outputs. When EN is high and SRC is low, the
auxiliary supply is connected to the power outputs through
switches 2 and 4.

In order to allow the power-switching circuit to smoothly tran-
sition from one supply to another, delay networks must be
placed before the enable pins. These delay networks ac-
count for the turn-on delay of the LM3544 switches by slow-
ing the fall time of the enable signals. Rise times of these sig-
nals are not affected by the delay networks. Glitch free
transition is assured as long as both supplies remain within
operating specifications for a minimum of 5 ms after the logic
signal SRC is toggled.

LM3544-H
S1
MAIN IN1 OUT1 USB DEVICE #1 —)»
POWER
S2
- ouT2
S3
AUXILIARY IN2 - ouTt3]
POWER s
— P ouT4 USB DEVICE #2 —)»
5V DELAY NETWORKS
SRC | 1
EN1
EN2 EN SRC ACTIVE
SUPPLY
= EN3 X NONE
1 0 AUXILIARY
EN 1 1 MAIN

R =100 kQ (typ.)
C =0.1puF (typ.)

DS101208-30

FIGURE 8. Using the LM3544 in a Wake-on-USB Application

www.national.com

12




Physical Dimensions

inches (millimeters) unless otherwise noted

0.386 —0.394

9s04_1000) o
% 15 14 13 12 1 1w 9
0.228-0.244 a0
{5.791-6.198) TYP
»’DU Ty 500
LEAD NO.1 12 3 4 5 6 1 8
IDENT 0.010 max
(0.253)
0.150-0.157
{3.810—-3.988)
0.010-0.020 . 0.053-0.069
w2508 < [ (1.346—1.753) 0.004-0.010
8° MAX TYP (0.102-0.254)
i ALL LEADS I )
7mf # j—ﬂliﬂﬂ =1 SEATING
f T % T PLANE
0.008-0.010 0,016 —0.050 Lo 0.050 0.014—0.020 yp
{0.203 —0.254) SO (0.356) 1.20) "~ {0.355—0.508)
TYP ALL LEADS (0.406—1.270) v | ’
0.004 TYP ALL LEADS 0.008 .,
(0.102) (0.203) M16A (REV H)

ALL LEAD TIPS

Order Number LM3544M-H, LM3544M-L, LM3544MX-H or LM3544MX-L,
NS Package Number M16A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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