HOT-SWAP POWER CON-
TROLLERS CAN MAKE THE
DIFFERENCE BETWEEN A
PRODUCT THAT LASTS
LONG ENOUGH TO BE A
CLASSIC AND ONE THAT'S
JUST A BUS CRASH WAIT-
ING TO HAPPEN.

lllustration by Mike 0’Leary
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AT A GLANCE

> Hot-swap controllers don't just protect
systems and modules from damage. They
allow modules to gracefully engage and
disengage a bus without interrupting ongo-
ing data transactions.

> Controllers require differing numbers of
support components. Some manufacturers
accommodate a larger range of real-world
hazards in their reference designs than do
others. Scrutinize these issues carefully
before you scrimp on Rs and Cs.

> Controllers can offer fault detection and
aid in system diagnostics but only if the
system-interface design anticipates these
functions.

www.ednmag.com

OUR TRENDS HAVE CHANGED THE WAY designers approach in-

system power management. Traditional 5V-logic supplies have

long since given way to 1.8 to 3.3V, making architectures with high-

er distribution voltages and local power conversion more appeal-

ing. Core and I/O circuits commonly operate on different supply

voltages, requiring coordination and sequencing of multiple

supplies. Load currents, particularly the
dynamic components, can reach many
tens of amperes for a small circuit area,
which increases the requirements for lo-
cal energy storage and good pc-board
layout. End users’ demands for flexible-
system configurations and high uptime
ratios increase as does the impact of pow-
er cycling and initialization sequences.

This last trend, reflected in the in-
creasing number of bus standards incor-
porating hot-swap criteria for inrush-
current and signal-contact sequencing,
has pushed hot-swap power controllers
out of the limited domain of high-ticket
equipment and into broader, more cost-
sensitive applications. Meanwhile, the
first three trends define the context in
which engineers design modern hot-
swappable subsystems.

WHICH SIDE DRIVE?

A hot-swap power controller’s most
fundamental role is to limit inrush cur-
rent when a module or peripheral first
makes contact with the host’s power-sup-
ply rails. In extremis, this function pro-
tects the module and the system from
damage, primarily to bypass capacitors
and connectors due to overcurrent and
arcing, respectively. In less severe cases,
the limit on inrush current set by a hot-
swap power controller protects the system
supply from a loss of regulation and a
consequential system reset (Reference 1).

Second, you can use a hot-swap pow-
er controller to control interface logic and
bus switches (Reference 2). Ensuring the
proper engagement of the system bus
without undue loading or glitching is as
critical as preventing disturbances on the
system power supply. Compare the status
signals’ timing (fault, reset, and power-
good) with respect to the supply ramp
and your interface logic’s power-cycling
requirements. Remember that most tim-

ing elements in hot-swap applications
have loose tolerances that vary inde-
pendently, such as timing-capacitor val-
ues and their charging or discharging
current sources, which can stack up
against you if you don’t design conserv-
atively.

Finally, a circuit-breaker function, less
often invoked but no less important, iso-
lates the system from a rogue module or
faulty field wiring for modules that con-
nect to external devices. As with inrush
current, fault detection and isolation pro-
tect the system from excessive load cur-
rents that might otherwise result in a loss
of regulation or, in severe cases, physical
damage. In both cases, power controllers
can report faults to the system, simplify-
ing diagnostics particularly in large dis-
tributed systems. Protection and isolation
work both ways: The power controller
can disengage a module from a system
supply that fails to meet a specified min-
imum voltage or, with some controllers,
exceeds a prescribed maximum.

The controller may reside on either
side of the connector. If a commercial bus
specification or an application conven-
tion does not prescribe the choice, you
need to decide how you want to partition
the power-distribution system. Back-
plane-side controllers have the advantage
of protecting the system from modules of
arbitrary design. In this arrangement, the
system limits its load current at the cost
of backplane complexity and less config-
uration flexibility.

One advantage of module-side hot-
swap controllers is that they keep design
issues related to turn-on and fault cur-
rents local to the module. With the pow-
er controller on board, the module de-
signer can offer a meaningful maximum
supply-current specification under all
conditions. The ability of the power con-
troller to isolate not only faults and tran-
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sients but also levels of abstraction in the
design hierarchy enhances the value of
these devices for designers at both the
system and module level.

Some hot-swap controllers differenti-
ate themselves with application or bus
features and parametrics. Other con-
trollers offer the flexibility that a design-
er needs to optimize the part’s behavior
for a custom subsystem interface. Low
voltage parts typically operate with sup-
plies of less than 20V (Table 1). Con-
trollers for telecomm and related appli-
cations operate on 48V nominal supplies,
usually with wide tolerances. Devices fur-
ther differentiate themselves by the range
of features they support balanced against
package size and price.

GETTING IN GEAR

Designing most controllers into your
application requires specifying a few pas-
sive components to set the start-up dy-
namics, establish the current-limit
threshold, and fix the supply-monitor
threshold for devices that support the
function. Additionally, many but not all
controllers require an external MOSFET
that operates as a pass element.

The MIC2583 from Micrel is typical of
low-voltage general-purpose hot-swap
controllers (Figure 1). Operation begins
when the voltage at the On pin rises
through its threshold—nominally 1.23V.
A current source connected through the
Gate pin charges the timing capacitor,
C,, causing the MOSFET gate to ramp
and the output to slew (Figure 2). If you

ACRONYMS

ACPI: Advanced Configuration and Power
Interface

FET: field-effect transistor

IDE; integrated drive electronics
MOSFET: metal-oxide semiconductor field-
effect transistor

OVLO: overvoltage lockout

PCl: Peripheral Component Interconnect
UVLO: undervoltage lockout

SCSI: Small-Computer-System Interface
TVS: transient voltage suppressor

use a large-geometry power MOSFET,
the pass element’s gate-source capaci-
tance, C_, can significantly contribute to
or even dominate the turn-on timing.
For slew-dominated start-up configura-
tions, the gate capacitor required for a
given slew rate is

dVour
Co =

IgaTe

On the other hand, the controller’s to-
tal load capacitance, C, can be suffi-
ciently large so that it cannot be charged
at the programmed slew rate without ex-
ceeding the inrush-current limit set by
the combination of the sense resistor, R,
and the controller’s internal threshold. In
this case, the inrush-current limit and the
load capacitance combine to fix the out-
put slew rate to

_CGS'

dVour _ _Ium

dt Croap

REPRESENTATIVE HOT-SWAP POWER CONTROLLERS

Hot-swap controllers integrate a cir-
cuit-breaker function to guard against
fault currents once the load capacitance
charges. Manufacturers of controllers of-
ten describe the parts as featuring “dual-
fault-level detection” or similar wording.
Simply put, momentary overcurrent
conditions cause the device to current-
limit, whereas conditions that persist trip
the circuit-breaker function. In the case
of the MIC2683, tripping the circuit
breaker causes the part to assert the fault
signal, which you can use to drive an in-
dicator or to signal the host system if the
interface provides an appropriate status
line. The circuit-breaker function guards
against shorts or module failures that re-
sult in excessive supply current. The time
limit set by the capacitor C, .. prevents
the circuit-breaker function from trip-
ping on a short current impulse. If the
controller starts in its current-limited
mode, C, ... must set a time interval
long enough to allow the load capaci-
tance to charge at I . To ensure a slew-
limited start-up, set

However, be aware that sufficiently
large values of C, .. can cause the con-
troller to ignore faults for an appreciable
time, forcing the system power supply to
contend with the resulting currents—the
very condition that the controller is sup-
posed to guard against.

Other parts disentangle the start-up
interval from the transient filter by arm-

Supply Status
Voltage Current Breaker n-chip features signals
Absolute threshold Output |Output
Minimum | Maximum | max Typ |Maximum| nominal |Automatic| UVLO | OVLO Load
Manufacturer Model (V1) (V1) (V1) (mA) (mA) (mV) retry detect | detect |discharge | Fault
Intersil HIP1011E (octal) 10.8 13.2 14 5.3 8 AD) J/
I1SL6118 (dual) 2.7 5.5 6 0.12 0.2 NA Vi
I1SL6121 2.5 5.5 6 0.12 0.2 NA J
Linear LTC4211CMS 2.5 16.5 17/ 1.0 1.5 50 J J
Technology LTC4211CMS8 | 2.5 16.5 7] 1.0 15 50 J
Maxim MAX4271 2.7 13.2 15 0.6 1 50 J J
MAX4272 2.7 13.2 15 0.6 1 50 J J J
MAX4273 2.7 13.2 15 0.6 1 50 J J Vi J
Micrel MIC2582 23 13 20 1.6 2.5 43 J
MIC2583 2.3 13 20 1.6 2.5 43 v J N
MIC2583R 2.3 13 20 1.6 2.5 43 J v J J
Summit SMH4812 20 L L 3 10 50 J J J J
Supertex HV300 10 90 100 0.8 1 50 v J
Texas Instruments | TPS2306 (dual)| 2.75 13.6 15 2 4 ADJ v J

Notes:

ADJ: adjustable by user-selectable resistor; NA: not applicable (on-chip current sense); ZL: zener limited (designed for 48V nominal supplies).
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ing the breaker function only

two timing cycles in its

R v
after charging the load capac- VO A £ . o start-up sequence. The
itance. These ICs usually have Vioere N2 first cycle allows the chip
two thresholds. The Figure 1 .,_”3__'__ to initializ§: i.tself, dis-
upper threshold, often =3 Voo |sense leate = R charge the timing and fil-
three or four times that of the U O )\ FEEDBACK ter capacitors, check crit-
low one, is n}i)t (fi"llterel((i and FWRED O IC2583 . C R Lc.alhnodes;i ;I'ldharm the
repres.ent.s a. ard pea —cgr— POR O DISCHARGE }g —.spee 1gh-current
rent limit in all operating ON O——— circuit-breaker compara-
modes. 1. 1 tor. The second cycle al-
c c
Also, common among TT ™™ lows the controller to

competing parts, the MIC-
2683 implements a number of
other useful signaling features
that you can use to control the
start-up behavior of your
module. A power-good signal deasserts
when the controller senses a minimum
voltage on its output, which is deter-
mined by the voltage divider, R and R,,
and an internal threshold voltage. The ca-
pacitor C,, determines the further de-
lay from the power-good edge until the
power-on-reset pin also deasserts to en-
sure that the module has properly pow-
ered and initialized the onboard logic.
Subsequent failures of the system supply
to maintain the minimum voltage set by
the R /R, divider cause the controller to
reassert the power-good and power-on-
reset signals.

The MIC2682, a version of the 2683
stripped down to fit in an eight-pin pack-
age, forgoes the fault and power-good
status outputs. It also dispenses with the
timing capacitor, C, . ... and instead uses
a fixed 5-psec delay time. Lastly, the
MIC2682 does not have the 2683’s pro-

Status
signals
Power
good | Reset | Package Price
SSOP-28 | $4.78 (10,000)
SOIC-8 | $1.25 (10,000)
SOIC-8 $1 (10,000)
J /| MSOP-10 | $1.95 (1000)
MSOP-8 | $1.95 (1000)
SOIC-8 $1.95 (1000)
SOIC-8 $2.05 (1000)
J QSOP-16 | $2.24 (1000)
J SOIC-8 $1.95 (1000)
J J/ | QSOP-16 | $2.28 (1000)
J J QSOP-16 | $2.28 (1000)
J SSOP-16 | $4.33 (1000)
J SOIC-8 | $1.50 (10,000)
SOIC-16 | $3.50 (1000)
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Beyond basic protection, hot-swap controllers such as Micrel's MIC2583 pro-
vide a range of status signals and monitoring capabilities.

vision for discharging its load when it
shuts off.

STANDING ON THE BRAKES

The presence of the gate timing ca-
pacitor, C_, has a number of important
consequences beyond setting the turn-on
slew rate. When a module is first con-
nected to a hot backplane, the large dV/dt
appearing on the supply line can couple
onto the pass element’s gate. A capacitive
divider comprises the two MOSFET par-
asitic capacitances, C_, and C_; the ex-
ternal gate capacitor, C_; and the load ca-
pacitance, C, (Figure 3a). Assuming that
the MOS device’s body stray is small
enough to ignore and the load capaci-
tance is very large compared with C, the
model reduces further (Figure 3b). The
plug-in transient can turn on the pass el-
ement by coupling a threshold voltage,
V., onto the gate if

Cop
Vig S Ve ——mm———.
7T Cgp +Cgs +Cg

The external gate timing capacitor
mitigates against this outcome but does
so at a price. When the controller senses
a fault condition and tries to disconnect
the power supply from its load, it has to
discharge C_ as well as C_ to turn off the
pass transistor.

The LTC4211 from Linear Technolo-
gy doesn’t use a capacitor on the gate
node to establish its timing. It includes a
200-pA current sink to anchor the gate
at start-up and prevent the plug-in tran-
sient from turning on the MOSFET. With
a lower node capacitance to discharge,
the controller reduces its shutdown time,
preventing fault currents from loading
the system power supply.

The 4211 uses one capacitor to define

soft-start its output, arm
the low-speed low-cur-
rent circuit-breaker com-
parator, and deassert the
reset signal.

The filter capacitor controls the dy-
namics of the low-speed low-current
comparator, allowing it to ignore brief
overcurrent conditions. The high-cur-
rent threshold, set to three times the low-
current limit, has a fixed response time
and trips the breaker within 300 nsec.
Like similar hot-swap controllers, the cir-
cuit-breaker function latches and re-
quires the On-control input to cycle low
then high to initiate a restart. You can
implement a simple automatic circuit-
breaker reset and retry circuit using the
fault signal (Figure 4).

Like the MIC2683, the LTC4211 comes
in two forms—a full-function device in
a 10-pin package and an eight-pin ab-
breviated version. The eight-pin device
loses the C ... connection and instead
uses a fixed 20-psec response time. It also
foregoes the fault status signal.

The MAX4272, one of a trio of hot-
swap controllers from Maxim, fits a self-
contained auto-retry breaker function in
an eight-pin package. The chip uses its
start-up timing capacitor to control the
retry interval as well. Maxim also offers
a version with a latching breaker, the
MAX4271, and, like other vendors, a
more complete signal compliment in a
larger package with the MAX4273. These
parts suspend their circuit breakers dur-
ing start-up and instead use the high-
current threshold to control the MOS-
FET gate signal; as long as the inrush
current is below the threshold, the gate
voltage ramps up from a 100- A current
source. If the current exceeds the thresh-
old, the gate signal switches to a 70-pA
current sink, resulting in a current lim-
ited start-up cycle.

Like many controllers offered in small
pin-count packages, the MAX4271 and
4272 have only one status signal as well

AUGUST 2, 2001 | EDN 57



coverstory Hot-swapping power

as simple timing relationships. If your
application requires a minimum reset in-
terval after the power supply has ramped
through a minimum operating voltage,
you need to consider how to de-
rive the reset signal. You can cal-
culate the start-up behavior and adjust
the timing-capacitor value to ensure that
sufficient time elapses between reaching
your minimum supply-voltage require-
ment and the end of the start-up cycle.
The timing of the start-up interval de-
pends on the load, gate, and timing ca-
pacitances; their charging currents; and
the load-current-limit threshold. Of
these terms, even those that carry mini-
mum and maximum specifications tend
to have broad tolerances. You should set
the timing capacitor conservatively and
recheck your calculation any time you
change the load capacitance during the
design’s lifetime. Alternatives include
choosing a controller with an explicit re-
set signal, which usually requires a larg-
er package size and an additional capac-
itor, or adding a reset generator that you
can gate with the Stat signal.

TWICE PIPES

Many hot-swap applications require
multiple coordinated supply voltages.
You can manage the power-up and pow-
er-down sequence through independent
hot-swap power controllers, but one of
the available multichannel controllers
simplifies the task. The TPS2306 from
Texas Instruments is a two-channel con-
troller with independent ramp-up and
ramp-down controls for each channel.
The four-ramp control signals, coupled
with resistive dividers sampling the two

Figure 2

Rs
Viy O——— W4
Vee
ONO—-.
GND & i

Looking at the On control pin, the MOSFET's gate, and the output reveals the basic turn-on timing

relationships.

outputs, allow you to select either sup-
ply to ramp-up first. The part’s design
also allows you to choose either first-up
first-down or first-up last-down power-
supply sequences.

One typical application coordinates
core and I/O supplies, with the low-volt-
age core ramping up first. A divider on
the 3.3V output determines the ramp de-
lay for the 5V-1/O supply. When ramping
down, the circuit waits for the 5V output
to fall through a threshold before signal-
ing the 3.3V supply to shut down.

Unlike most hot-swap power con-
trollers, the TPS2306 allows you to set the
current sense thresholds for each chan-
nel. This feature gives you an additional
degree of freedom in the trade-off be-
tween the set current limit and the de-
vice’s insertion loss. This issue is poten-
tially important for supplies delivering
high currents because sense resistors
have practical lower limits. The extra
flexibility costs an additional RC per
channel. The 2306 also distinguishes it-

FOR MORE INFORMATION...

For more information on products such as those discussed in this article, go to our information-request page at www.ednmag.comy/info. When you con-
tact any of the following manufacturers directly, please let them know you read about their products in EDN.

Micrel
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self because it is one of the few hot-swap
controllers with an operating tempera-
ture of —40 to +150°C.

Bus-specific parts, such as the HIP-
1011E from Intersil, focus on well-de-
fined operating environments and there-
by save space and external components.
The 1011E octal hot-swap power con-
troller for the PCI bus is the latest in the
HIP1011 line. It provides independent
control of two PCI slots with two chan-
nels each for 12, —12, 5 and 3.3V sup-
plies. The =12V supplies use on-chip
current-sensing and pass devices; the
low-voltage supplies use external resis-
tors and MOSFETs. External capacitors
set the ramp rates on the £12V lines.

The HIP1011E scales the overcurrent
threshold for all eight channels with one
resistor driven by a 100-pwA current
source. The master threshold directly sets
the trip point for the =12V channels.
You scale the 5 and 3.3V trip currents
further by selecting an appropriate value
of sense resistor, as you would with the

Texas Instruments Microsemi
1-800-336-5236 1-949-221-7100 SUPER INFO NUMBER
www.ti.com WWW.microsemi.com For more information on the

Enter No. 344

Enter No. 346

products available from all of
the vendors listed in this box,

For more information about ~ Protek Enter No. 349 at waw.edn
transient-voltage suppres- 1-602-431-8101 mag.comyinfo.
sors, refer to the following www.protek-tvs.com

vendors' Web sites:

General Semiconductor
1-631-847-3000
WWW.gensemi.com

Enter No. 345

Semtech
1-805-498-2111
www.semtech.com

Enter No. 347

Enter No. 348
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TPS2306 described earlier.

Intersil also offers the
ISL6118, a dual-
channel hot-swap
controller intended
for use on the 3.3V AUX
power line in ACPI appli-

Rs

Figure 3
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cations. It includes on-chip
MOSFET pass transistors,
current monitors, and all
necessary timing circuits.
The controller requires a
pair of pullup resistors on the two fault
lines as its only external components.
The ISL6121 is a single-channel version
with performance geared toward Fibre
Channel, IDE, and SCSI disk drives in
high-availability storage applications.

INSURANCE

Ironically, although hot-swap power
controllers protect systems and modules,
depending on the supplies and the elec-
trical nature of the system, you may need
to protect the protector. Abruptly plug-
ging a module (and there is no gradual
way to do it) can excite resonances
formed by system wiring, the backplane,
and circuit-board traces working into the
shunt capacitances, most notably that of
the MOSFET. Depending on the size of
the parasitics and the edge speeds you
produce, the peak overshoot can reach
2.5 times the supply nominal voltage
(Reference 3). Unplugging a module, no
more graceful an act, engenders an in-
ductive kickback—a fundamental re-
sponse of inductors to an interruption in
their steady-state current:

(a)

I
v, = i
dt

Figure 4
Vin
Rauto
>
Vee SENSE | GATE
RESETO 2
T PART OF
FAULT LTca211
ON
Cauto ==
GNDO—e :.L \l
You can use a status signal to implement an auto-
restart.

60 epN | AUGUST 2, 2001

|||—0

(b)

Compare the magnitudes of both explicit and stray capacitances (a) to derive
a simplified model (b) when assessing the danger of false start-ups.

Compare your supply nominal with
the absolute maximum voltage that a
candidate hot-swap power controller can
tolerate; in many cases, anticipatable
transients can threaten the device.

Beyond applying good mechanical de-
sign to minimize the inductive terms as-
sociated with wire runs and board traces,
you can use two other methods of limit-
ing supply-line excursions to safe ampli-
tudes. Zener diodes or transient voltage
suppressors clip the waveform, and
snubbers damp the resonances (Figure
5). You should mount these components
as close to the hot-swap controller as you
can and connect them with shortleads to
minimize their own stray inductance.

Sense resistors also require careful lay-
out. An easy way to help ensure pre-
dictable controller performance is to pre-
serve the accuracy of the current-sensing
circuit. Kelvin connections to the sense
resistor allow you to sense the voltage
drop across the resistor exclusive of the
drops across the connecting copper
traces (Figure 6). A typical hot-swap
power controller has a low-current cir-
cuit-breaker trip threshold in the neigh-
borhood of 50 mV; you scale the trip cur-
rent by selecting an appropriate sense

IsuppLy

resistor. The sheet resistivity
of a 1-oz copper circuit-
board trace is about 540
1.Q/sq (Reference 4), which
may seem like an insignifi-
cant number until you recast
it in proportion to the
threshold: 1%/A/sq. It does-
n’t take many squares work-
ing into several tens of am-
peres before sensing errors
account for an appreciable
fraction of the controller’s current range.

HITTING THE POLE

Although the goals for hot-swap pow-
er controllers are roughly the same, the
details change somewhat when you get
tangled up in the telephone wires or any-
where you find power distributed on
—48V lines. This type of hot-swap con-
troller usually manages a local dc/dc con-
verter that provides the lower regulated
voltages that the module requires. The
controller itself, however, must make do
with a power supply with a comparative-
ly loose tolerance, commonly +50%/
—25%.

You don’t need a hundred-volt process
to safely manage communications sup-
plies and the additional inductive kick-
back generated when you unplug a mod-
ule. A shunt-regulated controller can
hang from a series current-limiting re-
sistor and strike its internal circuits with
a fraction of the total available supply
voltage. Be sure to specify a conserva-
tively rated series resistor for this appli-
cation. The film resistors available today
have much less overload capability than
did their carbon-composition counter-
parts of yesteryear.

Rs
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Lsvstem 4 LmobuLe ==
./A
./A
5 Vee SENSE |GATE
/
’ sNUBBER - {-»T ]7]
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|
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T
N GND
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A snubber network and a zener or TVS can quench energy released by inductive kickback when
you unplug a hot module. Contact bounce during plug-in can cause the same problem, which
can otherwise result in arcing between the connector halves.
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(a)

Non-Kelvin sense-resistor connections can result in significant current-sensing errors—about 3% per ampere for
the layout (a). Proper Kelvin sensing only requires care in the pc-board layout but pays back handsomely with

improved sensing accuracy (b).

The SMH4812 from Summit Micro-
electronics is a shunt-regulated hot-
swap controller for communications
and other relatively high-voltage servic-
es. An internal zener diode establishes a
12V rail with a tolerance of =1V. De-
pending on the pass FET you select, the
4812 can control dc supplies of +20 to
*=500V.

Rsense

—_— Rcu

Ving I AW

A string of three external resistors be-
tween the input-supply rails allows you
to set undervoltage and overvoltage lock-
out limits. When first powered, the 4812
tests that the supply lies between those
two limits. Two pin-detect inputs allow
the chip to check that the card is proper-
ly seated in its connector. Following the
lockout and pin-detect tests, the con-

A~ R
MOSFET

~<— Vsense-Voe Vs

troller starts ramping the
MOSEET gate. Once the gate
voltage rises to within a gate
threshold of the 12V rail and
the controller confirms that
the output is within 2.5V of
the input supply, the chip de-
asserts the power-good
open-drain status output,
which you can use to control
the dc/dc converter.

Current sources driven
from the 12V rail power 5.0V
*5% and 2.5V *=1% refer-
ence outputs, which can
power ancilliary loads before
the controller starts the local
dc/dc converter. The refer-
ence outputs can drive 1 mA maximum
each.

When the 4812’s circuit-breaker func-
tion trips, it automatically resets after 2.5
sec, so you can use the part in areas that
have no supervisory logic to poll and re-
set tripped controllers. If you think that
devices that draw on large power supplies
shouldn’t reset their breakers without due

—
T0
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inspection, you can get this IC with an
optional nonvolatile fault latch that does
not reset either by itself or after power cy-
cling. The fault latch remains active until
the manufacturer reprograms it.

Unlike many of its competitors, Su-
pertex exploits a high-voltage process for
its HV300, which is designed to operate
to —90V. Internally, the devices operate
on a 10V rail supplied by an integrated
regulator. Immediately following plug-
in, while the internal regulator is settling,
all circuits remain in reset. The HV300
also holds the gate drive for the external
n-channel MOSFET low to prevent cou-
pled charge from turning on the pass
transistor. This feature can be even more
important for communications supplies
than in low-voltage applications. No cor-
relation exists between contact make-or-
break speed and supply voltage nor are
the capacitive terms strictly proportion-
al, so expect the gate-charge-coupling
term to be worse in a 48V application.

Once the IC’s internal supply require-
ments are met, the HV300 checks its
UVLO and OVLO comparators to ensure

that the input supply meets the applica-
tion requirements. Once the controller is
satisfied with the conditions, it starts
ramping the MOSFET. A current source
driving an external capacitor controls the
ramp. The gate drive is buffered from this
control signal, which keeps the gate-node
capacitance as low as possible. Under
fault conditions, the hot-swap controller
only needs to discharge the MOS-
FET gate capacitance, not the
ramp-control capacitor. The
HV300 includes a 100-mA cur-
rent sink for this purpose.

COMPARING STICKERS

Be careful when comparing
claims and specifications for hot-
swap controllers. The number and
type of support components vary
significantly from part to part and
from manufacturer to manufacturer. The
spec tables often but do not always pro-
vide test conditions. Operating condi-
tions vary; for example, some manufac-
turers specify maximum operating
current at 25°C, whereas others offer
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specs over the part’s full operating-tem-
perature range.[
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