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supplies into or from powered-up buses or connectors.
PCMCIA, Universal Serial Bus (USB), CompactPCI,
SCSI, and other standards provide strict mandates on
inrush current, power-supply sequencing, and other
power-up and -down aspects. Current, or load sharing
involves equalizing, insofar as possible, the currents
from multiple power supplies connected in parallel.

Several recent ICs provide
hot-swapping and current-
sharing management func-
tions, eliminating the need to
design discrete circuitry for
protection and power integri-
ty in your system.

Hot swapping can be a
scary proposition (Reference
1). For example, if you insert
a circuit board into a live
backplane, the board’s large
bypass capacitors can draw
inrush currents as large as
100A from the backplane’s
power bus. Unrestricted,
these currents can destroy the
board’s bypass capacitors,
metal traces, or even its con-
nector pins. The inrush cur-
rents also produce a droop in
the supply voltage to the rest

WITH HOT-SWAP AND LOAD-SHARE POWER-MANAGER ICs,

YOU CAN FORGET ABOUT SUPPLIES AND CONCENTRATE ON

IMPORTANT SYSTEM CONSIDERATIONS.

Hot-swap,
load-share ICs
protect circuits
and supplies

IN SYSTEMS THAT USE multiple power

supplies, hot swapping and current

sharing are important considerations.

Hot swapping refers to the insertion or

removal of modules, boards, or power 

At a glance ....................114

Current sharing
enhances performance
and fault tolerance ......116 

For more
information....................118



of the circuit boards, which are connected
to the backplane. The resulting out-of-reg-
ulation supply voltage can cause the af-
fected boards to reset.

Most multiple-supply systems require
the supply voltages to power up in a spe-
cific sequence. The sequence reverses upon
power-down, with one supply kept alive
long enough for software to control the
power-down routine. Hot-swap power-
management ICs provide both inrush pro-
tection and user-programmable supply se-
quencing. They also protect systems against
power faults, and they monitor
and signal the status of supply
voltages and currents.

You can provide adequate
hot-swap control, with perhaps
a 90% success rate, by config-
uring controlled-turn-
on FETs. RC-network
delays at the gates of the FETs
can produce the desired power-
up delays. However, this ap-
proach has two potential prob-
lems: One is the long hours of
tweaking that discrete analog
circuits require. Although these
hours may be enjoyable for
some and relatively short for
analog veterans, they are hours
better spent on more mission-
critical problems. The other
problem is that 10% of the
time, the solution doesn’t work
(Reference 1).

APPLICATION SPECIFICITY

Many hot-swap power-man-
agement ICs serve general-pur-

pose applications; others are application-
specific. Application-specific devices target
specific buses or standards, such as USB,
CompactPCI, or the various flavors of
SCSI. They handle the voltage and current
levels that the given standard mandates,
and they provide norm-specified protec-
tion, timing, and sequencing features. Uni-
trode Corp offers a broad spectrum of hot-
swap managers (Table 1).

Most of the hot-swap managers in Table
1 are general-purpose devices; you choose
your device according to the voltage and
current requirements of the load. You can
use the other devices in a variety of appli-
cations, but they are particularly useful in
certain systems. The $2.95 (1000)

UCC3915, for example, is intended for 12V
hot-plugging applications, such as redun-
dant array of independent disks (RAID)
and popular communications ports, such
as Ethernet and the advanced universal in-
terface. Similarly, the $2.95 (1000)
UCC3920 serves communications ports
that use 112V rails. The UCC3916 targets
SCSI Termpower systems and offers SCSI,
SCSI-2, and SCSI-3 compliance.

Figure 1 shows the circuit architecture
of the UCC3920. The other Unitrode hot-
swap managers with internal pass MOS-
FETs have similar topologies with individ-
ual variations. The 3-bit DAC in the
UCC3920 lets you program the fault-level
trip current using a 3-bit digital code. The
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AT A GLANCE

3 Excessive inrush currents or improper
supply sequencing can zap delicate
circuitry.

3 Designing your own hot-swap protec-
tion steals time and effort from the meaty
design challenges in your system.

3 Live-insertion/removal capability in 
standards such as Universal Serial Bus and
CompactPCI is not a luxury; it’s a necessity.

3 Equitable current sharing in multiple-
supply systems minimizes thermal, stability,
and reliability compromises.
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A 3-bit DAC in Unitrode’s UCC3920 hot-swap manager allows you to program the fault-level trip current that
suits your system.
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TABLE 1—UNITRODE HOT-SWAP POWER-MANAGER ICS
Devices with internal pass MOSFET
Device Voltage range (V) Maximum current (A) RDS(ON)(V)
UCC3912 3 to 8 4 0.15
UCC3915 7 to 15 5 0.15
UCC3916 SCSI, 2, 3 2 0.22
UCC3918 3 to 6 5 0.075
UCC3920 113 to 1115 4 0.1
Devices with external pass MOSFET
Device Voltage range
UCC1914 4.5 to 35
UCC3917 7 to >1000
UCC3919 3 to 8
UCC3913 117 to >111000
UCC3921 113 to >111000



programming resolution is 250 mA
for currents of 0 to 500 mA, and 500
mA for currents of 500 mA to 3A.
The UCC3920 handles 13 to
115V supply levels; its UCC3912
and 3915 siblings accommodate
positive-voltage ranges of 3 to 8 and
7 to 15V, respectively. These man-
agers incorporate a 4-bit DAC to al-
low fault-level programming of 0 to
3A with 250-mA resolution. The
$3.05 (1000) UCC3918 uses an ex-
ternal resistor rather than a DAC to
provide linear fault-level program-
ming of 0 to 4A.

The devices in Table 1 that use ex-
ternal pass MOSFETs include
charge-pump circuitry, which gen-
erates the gate voltages needed to
turn on the n-channel MOSFETs.
The ICs would be simpler and use
less silicon if the external device were
a p-channel MOSFET. However,

through a sad and immutable quirk of
physics, a p-channel device uses about
three times the silicon area of an n-
channel MOSFET with the same rat-
ings. It’s more economical to connect a
few capacitors and use an on-chip
charge pump to drive an n-channel
FET. Table 1 gives no current ratings for
the external-FET devices because that
parameter is strictly a function of the
MOSFET you specify.

Figure 2 shows an elementary block
diagram of a typical hot-swap IC that
drives an external MOSFET. The
charge-pump circuitry uses internal
diodes and the external capacitors to
configure a voltage tripler. V

PUMP
pro-

vides plenty of head room to power the
internal gate driver. I

MAX
, the maximum

sourcing current, is a programmable
parameter. When the sensed output
current is lower than fault level, the
output MOSFET remains on.When the

116 edn | November 19, 1998 www.ednmag.com

designfeature Power-management ICs

Power architects often employ mul-
tiple power supplies or power con-
verters to increase output power or
provide fault tolerance. You can
usually increase power by parallel-
ing two or more converters. Fault-
tolerant systems also use power
supplies in parallel, but they may
use ORing diodes to isolate mod-
ules during an output fault.

Current sharing is a necessity
when paralleling supplies to
increase power. Although 2N-
redundant supplies generally
require no current sharing, current
sharing improves system perfor-
mance. N+1-redundant supplies
require current sharing. Current
sharing and how best to achieve it
are important issues in managing
multiple power supplies or power
converters.

Current sharing brings a number
of benefits to parallel arrays. It
improves transient response
because each of the N converters

shares the load step in a 1/N pro-
portion. Each supply ages the
same amount if equal current shar-
ing exists, and thermal constraints
are usually less demanding on sys-
tems using multiple supplies.
Modular converters connected in
parallel to increase power often
find use in redundant applications,
such as scalable power systems.
The module array is readily
expandable and may provide hot-
swap capability.

You can implement current shar-
ing in several ways; each method
has advantages and disadvantages.
Driver/booster arrays for the expan-
sion of power usually contain one
intelligent module or driver and
one or more power-train-only mod-
ules or boosters. The driver sets
and controls output voltage, and
booster modules increase output
power to meet system require-
ments. The advantages are that the
array has only a single control loop,

and it provides excellent transient
response because no loop-within-a-
loop stability issues exist. An advan-
tage of driver-booster arrays is that
load sharing is  accurate, even dur-
ing dynamic load conditions.
Driver-booster arrays using only
one driver do not support redun-
dant operation.

The “droop-share” approach to
current sharing employs a resis-
tance in series with the load or an
active circuit that allows the output
voltage to drop in response to
increasing load. The droop-share
circuit has the advantages of sim-
plicity and low cost. However, it is
limited in application because it
usually requires manual adjustment
of the output voltage to achieve
current sharing. Also, the series
resistance degrades output-voltage
regulation in droop-share circuits.

DC-coupled, single-wire parallel-
ing involves two or more identical
modules, each containing a circuit

that monitors the current each sup-
ply delivers. This circuit actively
adjusts the output voltage of each
supply so that the multiple supplies
deliver equal currents. However,
this method has a number of dis-
advantages. Multiple control loops
can cause stability problems, and
they can provide poor transient
response when a module fails. The
method is also susceptible to sin-
gle-point failures, which can defeat
current sharing and, at worst, can
cause a chain of failures.

A new fault-immune power
architecture uses a digital current-
sharing signal. Because it is an ac
signal, dc blocking eliminates off-
sets in the system. Such modules
allow designs to achieve high levels
of availability and reliability.
Additional advantages include
excellent transient response, a high
degree of immunity from system
noise, and no loop-within-a-loop
control problems.

CURRENT SHARING ENHANCES
PERFORMANCE AND FAULT TOLERANCE

The LTC1643 hot-swap controller from Linear Technology
makes live insertion/removal a safe operation in
CompactPCI systems.

Robert Pauplis, Senior Application Engineer, Vicor Corp



current exceeds the fault level but is lower
than the maximum sourcing current that
I

MAX
sets, the output remains on, and a fault

timer begins to charge C
T
.When C

T
charges

to a certain level, the output MOSFET
turns off, and C

T
slowly discharges. When

C
T

discharges to a certain low level, the hot-
swap IC performs a retry, and the output
MOSFET switches on again. The UCC3914
offers two distinct reset modes. In one
mode, the IC repeatedly tries to reset itself
if a fault occurs. In the other mode, when
a fault occurs, the output stays off until you
toggle a pin or until you turn the IC
off then on again.

FLOATING ON AIR

Glancing at the 1000V-rated hot-swap
ICs in Table 1, you might think that Uni-
trode uses an exotic process such as dielec-
tric isolation to make its 1000V devices, but
it does not. In a process called “bootstrap-
ping”(derived from “pulling yourself up by
your own bootstraps”), the $1.54 (1000)
UCC3917 floats at the supply voltage and
uses charge-pump circuitry to generate its
supply voltage. The negative-supply, $1.40
(1000) UCC3913 and $1.42 (1000)
UCC3921 use the negative input voltage as
reference and derive their power from an
external resistor connected to ground. The
1000V limit for these ICs is not etched in
stone; the maximum voltage is a function
of the ratings of the external components.

Designed for RAID systems, Harris
Semiconductor’s HIP1012 dual-voltage

hot-swap controller safely applies and re-
moves power to and from a disk drive, al-
lowing you to swap drives during service
operations. The IC provides active current
limiting for your pin-selectable choice of
dual-supply power buses: 5 and 12V or 5
and 3.3V. In a typical application diagram,
the two current-sensing resistors, R

SENSE
,

provide inputs for the IC’s overcurrent-
protection circuitry (Figure 3). When the
current through either resistor exceeds the
user-programmed value, the controller en-

ters its current-regulation mode, and the
time-out capacitor, C

TIM
, starts charging.

When C
TIM

charges to a 2V threshold, the
IC switches off the n-channel MOSFETs.

The time-out period ranges, for exam-
ple, from 4.4 msec with C

TIM
=22 nF to 20

msec for C
TIM

=100 nF. If a fault is three
times the current-limit level, the controller
turns off the MOSFETs in less than 3 msec
before entering its time-out period. The
turn-off time is less than 1 msec for a dead
short. A rising edge on either power-on pin
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FOR MORE INFORMATION...

For free information on power-management ICs such as those described in this article, circle the appropriate numbers on the postage-paid Information
Retrieval Service card or use EDN’s InfoAccess service. When you contact any of the following manufacturers directly, please let them know you read
about their products in EDN.

Harris Semiconductor
Melbourne, FL
1-407-729-5973
fax 1-407-729-5321
www.semi.harris.com
Circle No. 326

Linear Technology Corp
Milpitas, CA
1-408-432-1900 ext 2453
fax 1-408-434-6441
www.linear-tech.com
Circle No. 327

Texas Instruments Inc
Dallas, TX
1-800-477-8924 ext 4500
www.ti.com/sc/power
Circle No. 328

Unitrode Corp
Merrimack, NH
1-603-424-2410
fax 1-603-424-3460
www.unitrode.com
Circle No. 329

Vishay Siliconix
Santa Clara, CA
1-408-988-8000
fax 1-408-567-8950
www.siliconix.com
Circle No. 330 SUPER CIRCLE NUMBER

For more information on the
products available from all of
the vendors listed in this box,
circle one number on the read-
er service card. Circle No. 331
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Bootstrapping via CPUMP, an on-chip charge-pump circuit, provides the gate drive for the external
MOSFET used with most hot-swap controllers.
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resets the controller. For pow-
er-up control of supply se-
quencing, you can pro-
gram the two MOSFETs’
turn-on ramps by selecting
suitable values for C

GATE
.

R
GATE

is a 10 to 200V resistor
that prevents current oscilla-
tion. As usual, an internal
charge pump provides gate
drive (17.4V for a 12V bus,
11.4V for 3.3 or 5V) for the
MOSFETs. V

DD
is the 12V sup-

ply for the controller. You use
the optional decoupling filter if
the 12V chip supply also pow-
ers the load; if you use a dedi-
cated chip supply, the network
may be unnecessary. The
HIP1012 costs $4.85 (1000).
Harris offers evaluation boards
for both general-purpose and
RAID applications.

Apropos of multiple sup-
plies, Linear Technology’s
LTC1643 controls hot-
swap operations for four
power rails: 112, 3.3, 5, and
12V (Figure 4). Intended for
PCI-bus (CompactPCI) appli-
cations, the IC provides on-
chip switches for the 112 and
12V rails and controls external
n-channel MOSFETs for the 3.3
and 5V rails. R

1
and R

2
provide

current-fault detection; R
7

and
C

1
provide current control-

loop compensation. After the
external pass transistors turn
on, the current in each transis-
tor increases until it reaches its
current limit. Each supply then
powers up at the rate dV/dt=50
mA/C

1
, or at a rate determined

by the current limit and the
load capacitance, whichever is
slower. The IC ignores current-
limit faults when the timer pin
ramps up toward 0.9V less than
the 12V input level.

The LTC1643 features fold-
back current limiting. The low-
value current-sensing resistors
in series with the external
MOSFETs set the current lim-
its for these supplies. For a
0.005V resistor in the 3.3 or 5V
line, the current limit is 10.6A,
folding back to 1.5A for a short
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Live insertion/removal is a must in RAID systems; the HIP1012 from Harris Semiconductor provides hot-swap
protection for the disk-drive power buses in these redundant systems.
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PCI applications can use as many as four power buses; Linear Technology’s LTC1643 provides hot-swap protec-
tion for all four buses.



circuit. For a 0.007V resistor, the figures are
7.6 and 1.1A, respectively. The preset cur-
rent limit for the internal 12V switch is 850

mA, folding back to 250 mA; for the 112V
switch, the respective values are 450 and
160 mA. The fold-back capability allows

the controller to power boards with vary-
ing capacitive loads without incurring nui-
sance trips of the IC’s circuit breakers. The
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TO ADDITIONAL SUPPLIES AND UC3902s

Using the output-voltage-sense line available on many power-supply modules, Unitrode’s UC3902 load-share controller equalizes the current contribu-
tions from multiple, parallel-connected supplies.
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LTC1643 costs $4.25 (1000) and comes in
two versions: The LTC1643H targets PCI
applications that control hot swapping on
the motherboard; the LTC1643 controls
hot swapping on the PCI card. Reference
2 gives a wealth of application information
for the LTC1643.

Texas Instruments calls its hot-swap
controllers “power-interface switches.”The
$1.65 (2000) TPS2211 single-slot switch
for a PC (PCMCIA) Card has 90-mV
switches for the 3.3 and 5V power supplies.
Break-before-make operation provides
hot-swap capability. The $3.22 (2000)
TPS2206 provides similar capabilities for
controlling two PC Cards. Its three-lead se-
rial interface is compatible with CardBus
controllers. The $3.02 (2000) TPS2205
two-slot controller is similar to the
TPS2206, but it uses an interface that is
compatible with IC-based PC Card con-
trollers available from myriad manufac-
turers. Finally, TI’s 88-cent (2500) TPS2014
and 88-cent (2500) TPS2015 USB hub con-
trollers provide 95mV MOSFET switches
with controlled rise and fall times that pro-
tect USB systems from hot-swap and tran-
sient damage.

SHARE AND SHARE ALIKE

It is often beneficial to connect multiple
power supplies in parallel to increase total
power capacity, achieve redundancy, or
both. Reference 3 discusses some of the is-
sues involved in configuring redundant
multiple-supply systems. For various rea-
sons, it is important that all the supplies
share the load current as equally as possi-

ble. The sidebar“Current sharing and fault
tolerance,” describes several current-shar-
ing schemes. Most power-supply manu-
facturers offering products for parallel con-
nection build the current-sharing
mechanisms into the supplies, often with
hot-swapping capability. If you wish to
configure your own multiple-supply sys-
tems, several load-sharing ICs offer an easy
and efficient way to optimize load sharing
among the supplies.

The UC3902 from Unitrode Corp is an
eight-pin device that balances the current
drawn from independent, parallel-con-
nected power supplies. It effects load shar-
ing by adjusting each supply’s output cur-
rent to a level that is proportional to the
voltage on a shared bus. Figure 5 shows two
UC3902s connected to their respective sup-
plies in a multiple-supply system. The mas-
ter supply, designated as the supply that
regulates to the highest voltage, drives the
share bus with a voltage that is propor-
tional to its output current. The UC3902
trims the output voltage of the other par-
alleled supplies so that each supply sup-
ports its share of the load current. The cur-
rents need not necessarily be equal. By
appropriately scaling the current-sense re-
sistor R

SENSE
, you can connect supplies with

different output-current capabilities so
that each supply provides the same per-
centage of its output-current capability for
a given load.

The UC3902 is compatible with power
supplies that incorporate remote output-
voltage sensing. The IC trims the supply’s
output by injecting a small current into the

Enter 18 at www.ednmag.com/InfoAccess
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A handful of UC3902 load-share ICs from Unitrode can prevent multiple supplies from oversupply-
ing or undersupplying their share of load current.

www.ednmag.com
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output-voltage sense line. The differential
share bus maximizes noise immunity and
accommodates voltage drops in each pow-
er supply’s ground-return line. Reference
4 and the UC3902 data sheet detail how to
determine the component values in Figure
5. The UC3902 costs $1.62 (1000). An old-
er sibling of Unitrode’s UC3902, the
UC3907, comes in a 16-pin DIP or SOIC,
or a 20-pin PLCC and offers optocoupler-
driving capability.

Vishay Siliconix takes a differ-
ent approach to current sharing
with its Si9143CG buck-con-
troller IC. This synchronous con-
troller targets point-of-use dc/dc
conversion in servers and desktop
computers in which shared sup-
plies can reduce stress on power-
supply components and thereby
increase system reliability. The IC
ensures equal current sharing by connect-
ing the PWM and sync pins to make mul-
tiple controllers’ duty cycles identical. The
sync pin forces all the controllers to simul-
taneously start their duty cycles; the PWM

pin forces the controllers to simultaneous-
ly finish their duty cycles. Thus, all con-
trollers run at the same frequency and
phase; they can also run from the same
power bus and deliver power to the same
output bus. Operating as fast as 1 MHz, the
Si9143CG ensures equal current sharing to
within 1%. The device costs $1.80 (25,000).

Issues such as ease of use, service acces-
sibility, and reliability make both hot swap-

ping and current sharing impor-
tant considerations in system
design. ICs that painlessly help
you realize these functions make
it possible for you to ignore these
power-supply issues and devote
your efforts to more productive
tasks.P
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