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When designing systems or products that must have a mini-
mum downtime, the system’s power source must be carefully 
selected. As a general rule, the longer the power supply’s 
warranty, the longer the power supply and the end product or 
system will operate without a failure.

Power supplies include large electrolytic capacitors that 
over time will dry out and eventually fail. High-quality indus-
trial-grade power supplies use higher-grade and more expen-
sive electrolytic capacitors that resist drying out and therefore 
ensure the longest power-supply life possible. 

Also, many medium- to high-power supplies use fans to 
keep them at the correct operating temperature. Since fans are 
electro-mechanical devices, they have the shortest lifespan of 
any component in a power supply and will eventually fail.

In cases where an OEM product or an end user’s system 
cannot tolerate any downtime, a redundant power-supply con-
figuration should be considered. Figure 1 shows a schematic 
for a redundant power system with three power supplies con-
nected in parallel via internal isolation (ORing) diodes to the 
system load. 

The isolation diodes’ function is to become back-biased 
(as an open-switch) if one of the power supplies fails. In this 
situation the failed supply is isolated from the load, its fault 
indicator turns from green to red, and the system load contin-
ues to receive full power from the remaining two redundant 
power supplies. 

The failed supply is designed to be replaced, or “hot-
swapped,” while the system input and output power remains 
on. Therefore, it can be replaced at the user’s convenience 
without impeding the operation of the system.

Redundant Reasoning

One of the main reasons for using redundant power supplies 
that are connected in parallel with isolation diodes is to con-
struct a fault-tolerant power system (Fig. 2). This means that 
even if one of the paralleled supplies should fail, the system 
will continue to provide full power to its power bus. This is 
sometimes called 100% power availability. 

In redundant power systems, each supply must include a 
circuit that automatically disconnects its output from the oth-
ers should it malfunction. Typically this automatic disconnect 
is accomplished by having isolation diodes or MOSFETs 
placed in series with the output of each paralleled supply. 

If one of the supplies develops a short circuit on its output 
(a worst-case scenario) or shuts down for any reason, the 
isolation diodes would become back-biased or the isolation-
MOSFET switch would be turned off (high impedance state). 
This would prevent the output current from the other sup-
plies from flowing into the shorted or defective output of the 
failed supply.

In addition to having this automatic output disconnect fea-
ture, each supply must include a signal and visual indicator 
that can be used to alert the user or the monitoring external 
system that a specific redundant power supply has failed, so it 
can be replaced and repaired in the future.

N+1 And N+2 Redundancy 

There are several ways to construct a redundant or fault-
tolerant power system. The most common method is to have 
at least one supply with sufficient output power to fully sat-
isfy the system’s power requirements. Then, a second power 
supply with the exact same ratings is provided as a backup in 
case one of the two supplies fails. 
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1. In this typical redundant power system, three power supplies interface 

in parallel to the system load via internal ORing diodes.

Use two or more backup supplies to 
ensure uninterrupted system service.
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This forms a basic N+1 redundant and fault-tolerant power 
system (1+1 system) where N equals the number of supplies 
required to fully power the system and +1 equals one backup 
or redundant supply that will take over for a failed supply. 
Alternatively, N could consist of two power supplies, each 
providing 50% of the total load power with the +1 supply 
having the same power rating as the others. 

One advantage of the 2+1 power system is that under nor-
mal operating conditions each of the three paralleled supplies 
only provides 33.3% of the total system power, reducing the 
thermal stress on each supply and improving its mean-time-
to-repair (MTTR). 

Some mission-critical applications may need an N+2 redun-
dant power system. As previously mentioned, the N is the 
number of supplies needed to support the system’s load. But 
in mission-critical applications like air control, data backup, 
or life support systems, two backup supplies provide much 
better fault tolerance than one. However, there is the added 
expense to achieve this improved degree of power availability 
and fault-tolerance.

What Is Hot-Swapping?

It is best if all the redundant and fault-tolerant supplies have 
the type of interface circuits and input/output connectors that 
allow the supplies to be replaced while the system’s ac input 
and dc output power is still in the on state. The ability to do 
this, called hot-swapping, is an important feature to have. 
Maintenance personnel then can replace the faulty power sup-
ply without interrupting the system’s operation.

What Is Active Current Sharing?

To properly parallel two or more power supplies, the sup-
plies should include an active-current-share or master/slave 
feature. This function forces each of the paralleled supplies 
to contribute its share of current to the load. For example, two 
paralleled supplies would each provide 50% of the total load 
current, three supplies would each provide 33.3% of the total 
current, and so on. 

These current share connections must be made between 
all the paralleled supplies. Without active current share, one 
of the paralleled supply’s outputs could drift higher than the 

others and hog most of the load current, which can be dan-
gerous and can lead to the premature failure of the power 
supply, especially in high-power applications. 

11.10.11 Electronic Design

2. This HFE1600 series 19-in. rack-mount redundant power system hous-

es five 1.6-kW hot-swap power supplies. If fewer supplies are required, 

blanking plates can be installed in the unused slots. 

3. This unit, a SWS1000L series power supply, delivers up to 1 kW of 

output power and features alarm signals and active current sharing. Two 

or more can be connected in parallel with external isolation diodes to 

form a redundant and fault tolerant power system. 

IN OUR 
 NExt ISSUE
BestElectronic Design
Our next edition will be our annual Best Electronic 
Design issue, spotlighting the year’s most important 
developments in:

• Analog
• Components
• Digital
• EDA
• Embedded software

• Power
• Test & measurement
• Wired communications
• Wireless communications

We also will examine the most innovative advances in: 

• Automotive
• Computers
• Consumer electronics

• Industrial
• Medical
• Military/aerospace

We’ll turn our attention on the best Ideas for Design of 
the year, as selected by you. And, we’ll inaugurate our  
Engineering Hall of Fame Class of 2011. 

Coming 
December 9, 2011!
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What Is Scalable Power? 

Economic savings can be achieved where a system requires 
a specific power level when it is originally built and shipped 
to the end user, but can be upgraded in the field to add more 
power as the system grows. For example, for data center 
servers the original power requirements for the system may 
require two or more power supplies in parallel. But as more 
data-handling capacity is added, more power will be required. 

The ability to add or reduce the total power provided to 
a system is known as scalable power. With a rack-mounted 
redundant power system, the original configuration can con-
sist of some number of power supplies with blanking plates 
covering the unused slots. As the system needs more power, 
one or more blanking plates then can be removed and addi-
tional hot-swap power supplies can be added to supply addi-
tional power. 

Is A Rack-Mount Enclosure Necessary?

No. A rack-mount enclosure provides a convenient means 
for paralleling supplies for expansion (scalability) and/or to 
form a redundant, hot-swap configuration. However, many 

power supplies have the necessary features for being con-
nected in parallel with active current sharing and failure alarm 
signals (Fig. 3). By adding external isolation diodes, these 
supplies can be configured to form a redundant power system. 

Always check your power supply’s instruction manual to 
be sure that your supplies can be connected in parallel. The 
only feature that paralleling individual supplies will lack 
compared to the rack-mounted systems, previously described, 
is the special mechanical aspects that allow them to be hot-
swapped while the input and output power is active. So, in 
non-hot-swap applications, a scheduled maintenance shut-
down period is required to allow time for replacing the faulty 
power supply.

Summary

We have discussed when and how to consider using a redun-
dant and fault-tolerant power system plus the economics of 
scalable power and the features required of the power sup-
plies to construct a redundant power system with the greatest 
amount of reliability and ease of system maintenance. Now all 
you have to do is choose your supplies wisely. 
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