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What is wireless power and why is it needed?

A reliable source of power is essential for cellular radios and the transmission equipment that connects wireless cell 

phones to the telephone and data networks.  Simply plugging them into an AC outlet does not meet the service 

requirements expected for telecommunications products.  As customers, we expect both wireline and wireless 

telecom services to be operational around the clock, even when the power goes out.  To meet our expectations, the 

telecom service providers rely on DC (direct current) to power the mission-critical wireless equipment. 

 

 

 DC power systems are at the heart of communication 

facilities.  Most communications equipment, including 

PBX’s, telephone switches, microwave transmission, 

fiber optic transmission, mobile radio, cellular, etc., are 

designed to operate from a DC input voltage. A DC 

source has the inherent benefit of higher reliability as 

compared to an AC (alternating current) source 

because of the ability to use batteries for backup.   

The core of a basic communications power system is a 

rectifier, which is a device that converts AC to DC, and 

a battery. 

Why DC instead of AC?  The semiconductors and 

integrated circuits in the radio and transmission 

equipment operate on DC, so there must be a source 

of DC to run that equipment.  In cell sites, the DC 

source also charges the batteries, which are needed to 

run the equipment during times when the utility AC is 

out.  These banks of batteries are the reason your 

home phone or cell phone often has service, even 

during AC outages. 
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Here’s a simplified view of how it works. The utility company delivers AC power to the cell site.  The AC is connected 

to the input of the rectifiers which, in turn, convert the AC to DC.  The output of the rectifiers is connected to both the 

radio and transmission equipment (called the load) and to the batteries.  Normally, the DC supplied by the rectifiers 

powers the equipment and simultaneously charges the batteries; the battery power is only used when the AC power 

is unavailable.  The diagram in Figure 1 below shows this operation.  The arrows represent the flow of current. 

 

Figure 1: Block Diagram of a Basic Power System 

 
 

DC Power Basics 

The two most common input DC voltage requirements 

for communications equipment are +24V and -48V. The 

use of -48V is more common as this is the maximum 

safe working voltage that has no current limiting 

requirements, according to both the NEC (National 

Electrical Code) and the CEC (Canadian Electrical 

Code).  The high voltage reduces the current 

requirements making fuses, circuit breakers, and 

cables smaller. 

 

+24V evolved from the mobile radio industry, where 

equipment was designed to operate from either an 

automotive (+12V) charging system or a truck (+24V) 

charging system. 

 

-48V evolved from the telephony world, where 48 volts 

was deemed sufficient to make telephones work on 

long lines, yet still low enough to be safe for 

technicians working on the line. The negative polarity 

(positive ground) was chosen as it reduced the 

galvanic corrosion that occurred when the lead 

sheathed telephone twisted pair cables were originally 

deployed and buried in the earth. 

 

Today, both +24V and -48V systems are prevalent in 

wireless applications.  The -48V systems are accepted 

throughout the globe, whereas +24V is typically 

confined to North America and a handful of other 

countries.  When wireless service providers have a 

large embedded base of both, transitioning to using 

only one type, say -48V, is a long, methodical process.  

Vendors of power systems have to support both in 

order to satisfy the needs of the operators. 

 

 
R 
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Wireless Power System Overview 

While the basic DC power system consists of a rectifier and battery, there is much more involved in meeting the high 

level of service most customers and service providers expect.  In addition to the rectifiers and batteries, there must be 

a way to distribute the DC power to the different equipment, otherwise known as loads.  If some of the equipment 

requires different voltage than the primary load (radio), there must be a means to perform the voltage conversion.  

Devices called DC-DC converters are used to change from one DC voltage to another.  Other devices called inverters 

are used to change from a DC voltage to an AC voltage.  As further backup and to protect against an extended AC 

outage, the wireless provider often has a generator at the site. The block diagram of a typical cell site might look like 

the one in Figure 2. 

 

Figure 2: Block Diagram of a Basic Telecommunications Power System 
 

 
 

System Components 

Figure 2 shows the several components of a wireless 

power system.  In addition to commercial AC power, 

the sources of energy are the generator, which 

supplies backup power in the event of an AC outage, 

and the batteries, which are electro-chemical sources 

of DC power.  The power conversion devices are the 

rectifiers, which convert AC power to DC power; the 

DC-DC converters, which convert one DC voltage to 

another; and inverters, which convert DC to AC.  The 

distribution system is the way the power power gets 

connected to the loads.  Not pictured in Figure 2, but a 

key component of the DC power system is the system 

controller, which might be considered the “brains” of 

the system.  Since each component is important for 

delivering high quality power to the radio and 

transmission equipment, its role and how it 

accomplishes it will be discussed in the following 

sections. 
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Generator 

Commercial AC power can be lost due to downed lines, inclement weather, sub-station malfunctions, etc.  Power 

outages create the need for a standby power source.  Batteries are the initial defense, but their charge lasts for but a 

few hours.  During extended power interruptions, wireless service providers rely on backup generators to temporarily 

supply power to the site.  While technically not part of the DC power system, the backup generator is nevertheless a 

key part of service delivery for most wireless operators. 

 

Figure 3: Backup Generators 
 

  

AC Permanent Genset   DC Portable Genset 

 

 

Generators are fuel-operated sources of power.  The 

most common generators have diesel engines, 

although some use propane or natural gas as the fuel 

source.  In all cases, the generators have the same 

responsibility – supply power during the AC outage.  

Permanent standby generators are designed for 

unattended operation.  If a permanent standby 

generator is not installed at the site, portable 

generators have to be deployed once the outage has 

occurred. 

 

AC power from the generator is delivered to the load (in 

this case, the rectifiers) via a transfer switch, an 

electrical device that switches a from the electric utility 

power source to the generator.  For permanent standby 

generators, most sites deploy an automatic transfer 

switch.  The ATS is an electrical power unit that has 

the capability to transfer the site electrical loads from 

commercial power to the standby generator.  The ATS 

monitors the commercial AC power and initiates the 

transfer when it fails to meet preset voltage levels.  The 

transfer from the primary AC source to backup AC is 

not instantaneous, so some amount of batteries are 

required to provide the necessary “ride through” for the 

load. 

 

Another type of backup generator supplies DC, rather 

than AC, as its output.  The output of the DC generator 

connects directly to the DC bus.  In general, it 

otherwise functions the same as an AC generator.  

When it detects the loss of AC power, it switches on 

the standby DC generator.  Since the DC generator 

connects directly to the DC bus, no transfer switch is 

required.  Both an AC generator and DC generator are 

depicted in Figure 3. 

http://en.wikipedia.org/wiki/Transfer_switch
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Rectifiers 

As the device that converts AC to DC, the rectifier is the core of the DC power system.  Rectifiers supply DC power to 

the load (communication equipment) and also charge the backup batteries.  The output voltage of the rectifiers is set 

at a level which maintains the battery charge.  This level is known as float voltage.  In “float charge mode,” the 

rectifiers supply current to the load and trickle charge the batteries to maintain the float voltage.  When AC is out and 

the rectifiers are inoperable, the batteries supply current to the load.  When AC is restored, the rectifiers resume their 

role in powering the load while simultaneously charging the discharged batteries.  Figure 4 illustrates the current flow 

when the AC is both on and off. 

 

Figure 4: Float Mode and Battery Discharge 

 

 

In most applications, multiple rectifiers are required to 

power the load.  Each rectifier is connected in parallel 

with both the load and the battery.   Multiple rectifiers 

may be connected together in parallel, with their 

corresponding (+) and (-) leads connected together.  In 

this configuration, each rectifier provides the same 

amount of current to the load.  The capability of a 

rectifier to be connected in parallel with other like 

rectifiers to share the load equally (each rectifier, of the 

same current rating, producing the same amount of 

current) is called load sharing.  As an added benefit of 

using multiple rectifiers, some power will be supplied to 

the load even if some of the rectifiers fail.  The 

remaining power may enough to maintain service to the 

more vital loads. 

Because of the important role of rectifiers, operators 

generally provide some level of redundancy to protect 

against a rectifier failure.  The most frequent redundant 

operation is called “N+1.”  In this mode, N is the 

number of rectifiers required to satisfy the total capacity 

requirements of the load and the “1” is an extra rectifier 

added so that the failure of a single rectifier in the 

system will not jeopardize system integrity. 

 

There are many types of rectifiers.  Large 

Ferroresonant (Ferro) rectifiers based on three-winding 

transformers and magnetics provide anywhere from 

200 Amps to 800 Amps of output.  The Ferro rectifiers 

have played an important role in the 

telecommunications industry for decades, having 

powered everything from mechanical switching 

systems to the most modern Voice over IP switching 

systems.  But they take up a lot of space, are very 

heavy, are much less energy efficient than modern 

rectifiers, and their output capacities are too large for 

most wireless applications. 
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The most popular rectifiers today are small, modular 

switchmode rectifiers.  The switchmode rectifiers are 

electronic and incorporate high speed switching 

regulators.  Ranging in output from a few Amps to 200 

Amps, the switchmode rectifiers are the ideal solution 

for wireless.  They are lightweight and compact which 

helps reduce maintenance, installation and shipping 

costs.  They come in both –48V and +24V outputs, 

unlike Ferros which only come in -48V.   

The switchmode rectifiers are modular and hot 

swappable, meaning they can be easily removed and 

replaced without affecting the performance of the 

system. 

 

Pictures and dimensions of Ferroresonant and 

switchmode rectifiers are shown in Figure 5.  Note how 

much bigger the older Ferro technology is compared to 

switchmode rectifiers. 

The first criterion in rectifier selection is the type of AC 

feeding the cell site or microwave site. The operator 

can chose switchmode rectifiers that support different 

AC inputs, from 3-phase delta and wye configurations 

to single phase.  Most switchmode rectifiers used in 

wireless applications have a wide input operating 

range, accommodating either single phase inputs 

(120Vac or 240Vac) or 3-phase inputs (120Vac or 

208Vac).  This flexibility reduces the number and type 

of rectifiers the operator has to maintain. 

 

Output voltage and current are the other essential 

factors in selecting the right rectifier for the application.  

The rectifier must match the voltage of the radio 

equipment, so the rectifier must have either a +24V or -

48V output.  The amount of current required to power 

all of the loads (including the radio, transmission 

equipment and any other devices which require battery 

backup) determines the size of the rectifiers in terms of 

output current. 

 

 
 

Figure 5: Ferroresonant and Switchmode Rectifiers 

 

   

 

 

 

 

400A Ferroresonant 
84H x 15D x 26W 

 

83A Switchmode 
6.3H x 3.4W x 11.8D 
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Let’s look at an example.  For a -48V application with 

200 Amps of load, the operator might chose to use five 

(5) 50 Amp rectifiers operating in an N+1 redundant 

configuration.  Another solution would be to use nine 

(9) 25 Amp rectifiers.  There are trade-offs to each 

approach.  The total cost of the rectifiers is an obvious 

concern.  But equally important is how much space is 

required for each solution, since floor space is at a 

premium in most wireless applications.  One subtle 

difference is the amount of redundancy required.  In the 

50 Amp solution, the redundancy ratio is 1:4, whereas 

the ratio is 1:8 in the 25 Amp solution.  If cost and 

space and other features are all equal, then the 25 

Amp solution would be the best choice – the loss of a 

single rectifier would not be as impactful and the cost of 

redundancy would be less. 

 

In addition to size and cost, switchmode rectifiers have 

many other distinguishing features.  Low output 

noise/ripple ensures that the load is unaffected by the 

rectifier.  Unity power factor is becoming more 

important as the utilities move toward increased 

monitoring of power factor, the ratio of actual power 

used at the facility to the amount apparently being 

drawn at the utility.  Rectifiers with power factors 

approach 1 can help avoid surcharges from the electric 

utility.  Tight voltage regulation ensures that the 

battery is properly charged and the load does not 

receive fluctuating voltages.  Remote control and 

monitoring allow the rectifiers to be remotely managed 

and monitored from a central supervisory and control 

panel. 

 

A rectifier characteristic that has garnered much 

attention lately is rectifier efficiency, i.e., the ratio of 

output power to input power.  Efficiency has taken on 

additional importance in this era as companies are 

focused on limiting their consumption of power and the 

natural resources needed to generate it.  In the last half 

decade, switchmode rectifier efficiencies have 

improved from 90-92% to 95-96%.  Besides getting 

more output from your power consumption, higher 

efficiency also reduces the size of the input feeder 

circuit breaker, input cabling, and air conditioning. 

 

Batteries 

A battery is an electro-chemical means of energy 

storage that  produces a DC output.  Under normal 

conditions, the battery is in standby mode while the 

primary power source, the AC power system, energizes 

the rectifiers.  In standby mode, the battery plant does 

not discharge its DC energy but maintains itself at fully 

charged condition by consuming a very small amount 

of DC current.  When AC power is interrupted to the 

rectifiers or when there is insufficient current available 

from the rectifiers to support the load requirements, the 

battery automatically supplies current to the load 

without interrupting power to the loads. The amount 

battery reserve (backup time) usually ranges from 2 to 

8 hours and is specified by the wireless carrier. 

 

Due to their low operating costs, lead-acid batteries are 

normally used as the backup power source for telecom 

power systems.   These batteries come in vented 

(commonly called wet or flooded) or valve-regulated 

forms.  Flooded batteries are the mainstay of the 

telecom central office and other switching centers.  

They use a time-proven technology that results in the 

batteries lasting a very long time, often 20 or more 

years.  Yet flooded batteries have drawbacks, such as 

the high level of maintenance, the need to provide spill 

containment for the electrolyte, the requirement for 

forced-air ventilation, and cost.  These drawbacks do 

not play well in cell sites, which are often small 

enclosed cabinets or shelters. 
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The leading battery type for cell site and microwave applications is called a VRLA (valve regulated lead acid) 

battery.  VRLA batteries are recombinant batteries, which means the oxygen evolved at the positive plates will 

largely recombine with the hydrogen ready to evolve on the negative plates, creating water and so preventing water 

loss.   They are often called sealed lead-acid batteries because they cannot spill their electrolyte if inverted, yet they 

always include a pressure relief valve.   The valve is a safety feature in case the rate of hydrogen evolution becomes 

dangerously high.

  

Figure 6: Flooded and VRLA Batteries 

   

Flooded Battery     VRLA Battery 

 

There are other advantages to VRLA batteries besides 

not spilling.  They are low maintenance, have minimal 

vented gases and are easily installed in any position.  

They also have easier shipping classification, will not 

freeze and do not require spill containment.  For all 

these reasons, the VRLA battery is the conventional 

choice for most wireless applications. 

 

A flooded battery and a VRLA battery are shown in 

Figure 6. 

A battery consists of a series connection of multiple 

cells. The number of cells in series is determined by the 

operating voltage of the system and the operating 

voltage of each cell.  For VRLA batteries, nominal cell 

voltage is 2V.  So for a +24V system, 12 cells are 

connected in series; a -48V system has 24 cells 

connected in series.  Often VRLA batteries come in 

12V blocks, with six cells per battery.  Diagrams of 

+24V and -48V battery, using 12V batteries, are 

provided below in Figure 7.

 

Figure 7: -48V and +24V Battery Strings 

 

Flooded Battery

+     - 

-48V 

+     - +     - +     - 

12V 12V 12V 12V 

-     + -     + 

+24V 

-48V Battery String +24V Battery String 

12V 12V 
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The arrangement of the batteries in a series connection 

determines the voltage polarity.  The capacity of the 

batteries is determined by the amount of current (in 

Amps) that is supplied over a period of time (hours).  

The common measurement is Amp-hours.   If each of 

the 12V batteries in Figure 7 were rated for 100 Amp-

hours, then each string could produce 100 Amps of 

current for one hour.   

 

One can increase capacity by simply increasing the 

size of the battery.  The risk in this approach is the 

possibility of a failure of one of the batteries in the 

string. Similar to a chain, the loss of a single battery 

breaks the connection and provides no backup power.  

The more common approach is to connect additional 

strings of batteries in parallel to obtain increased 

current capacity.  Each new string adds more Amp-

hours.  So if an individual battery fails and takes out a 

string, the remaining string provides power for the 

stated amount of time.  Strings should be equal in 

capacity and interconnecting cables should be of 

approximately the same size and length to obtain 

optimum charge and discharge characteristics.   

An example of how parallel battery strings work is 

shown in Figure 8.  Each string provides -48V at 80 

Amp-hours.  Three strings provide -48V at 240 Amp-

hours.  This configuration could produce 240 Amps for 

one hour or 80 Amps for three hours.  If one rectifier 

failed in the first string, the remaining two would supply 

160 Amp-hours. 

 

Figure 8: Multi-strong Battery Configuration 

 

 

In addition to increasing battery reserve time, the use of two or more equal-rated parallel strings of batteries provides 

a convenient means of maintaining the batteries.   Often, the operator will equip each battery string with a separate 

disconnect circuit breaker, which serves to isolate the faulty battery string during overcurrent conditions and prevent 

problems in the string from affecting the other strings, rectifiers, circuit cables, and connected DC load.  And since 

each string can carry the load for a shorter period of time, the other string(s) can be disconnected for maintenance 

purposes

.  

-48V @ 240Ah 

+     - +     - +     - +     - 

12V, 80Ah 12V, 80Ah 12V, 80Ah 12V, 80Ah 

+     - +     - +     - +     - 

12V, 80Ah 12V, 80Ah 12V, 80Ah 12V, 80Ah 

+     - +     - +     - +     - 

12V, 80Ah 12V, 80Ah 12V, 80Ah 12V, 80Ah 
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Distribution 

In a typical wireless application, there are many devices that require power.  The radio equipment may have several 

inputs.  The transmission equipment, lighting and security, and HVAC systems are all devices which may require 

battery backup.  In some wireless applications, as many as 80 circuit breakers are required.  The diagram of a basic 

telecommunications power system depicted in Figure 2 oversimplifies distribution.  In fact, distribution is its own 

subsystem consisting of bus bars, protection devices, cabling, and shunts.  A block diagram of typical +24V power 

and distribution system is provided in Figure 9. 

 

Figure 9: Block Diagram of +24V Power and Distribution System 

 

 

The most visible part of a distribution system are the 

fuses and circuit breakers used to safely distribute 

the DC power from the rectifier and battery to the 

loads.  Load fuses or circuit breakers located at the 

power system are connected in series between the 

power system and the loads and/or between the power 

system and the battery.  These devices protect the 

loads and load cables from short circuits and overload 

conditions, and allow easy manual shutoff. This helps 

to isolate faults between circuits. Circuit breakers and 

fuses are also used for protecting the battery and 

battery cables, and provide a convenient means of 

disconnecting the battery from the system for safety, 

fire prevention and maintenance. 
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Fuses and circuit breakers both provide overcurrent protection, but in different ways.  Excessive current flowing 

through the fuse melts the internal link, disconnecting the load from the power system. A guard fuse is connected in 

parallel with the main fuse and will blow when the main fuse blows. The guard fuse provides a local indication and 

also will send an external alarm signal via a built-in contact.  Once a fuse blows, it must be replaced in order to 

restore current flow. 

 

Figure 10: Telecom Fuses and Circuit Breakers 

 

 

GMT Fuse  TPL Fuse/Holder  Plug-in Circuit Breakers 

 

Too much current flowing through the circuit breaker 

causes excessive heat (thermal) or an excessive 

magnetic field (magnetic) to trip the circuit breaker to 

the off position. Alarm sending is via breaker auxiliary 

contacts or electronic trip detection circuitry.  An 

advantage of circuit breakers is their ability to be reset. 

Most wireless equipment requires circuit breakers with 

short delay curves or “fast blow” fuses to provide 

proper protection.  The advantage of fuses include high 

interrupting capacity, cost, flexibility, and fast speed.  

Circuit breaker advantages include the ability to be 

reset, as well as accuracy and low speed operation.  In 

practice, circuit breakers are typically used in cell sites 

for larger loads, while fuses are often used for low 

current loads.  Typical fuses and circuit breakers are 

shown in Figure 10. 

 

Because of the large number of circuit breakers 

required (from 24 to 80 per cell site) and the various 

sizes needed to match the load requirements, wireless 

carriers have adopted modular distribution structures 

that accept a wide variety of circuit breaker sizes.  The 

distribution panels accept plug-in breakers, otherwise 

known as bullet-style for the shape of the contact.  For 

larger loads, two-pole or three-pole breakers can be 

used by assigning two or three modular positions to 

them. 

 

The modular distribution panels are mounted either 

horizontally or vertically, depending on application or 

user preference.  The key concern with distribution 

orientation is the ability to get the cables in and out of 

the system.  The cabling is usually not an issue when 

the unit is initially installed and the power is off.  But 

adding or removing a when the system is live, or hot, 

adds an order of magnitude to the complexity.  An 

example of a 4-tier modular horizontal distribution 

system is shown in Figure 11. 

  

GMT Fuse TPL Fuse/Holder Plug-in Circuit Breakers
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Figure 11: Horizontally-Mounted Modular Distribution 
 
 

 

The distribution system is supported by the bus bar 

conductors, which are used to interconnect the 

rectifiers, batteries, and DC distribution.  The two bus 

bars are the charge bus and the battery return bus.  

The bus bars are typically flat pieces of copper with 

holes and/or studs for terminating cables.  Flat bars are 

used because of their ease of installation, their good 

ventilation characteristics, and the fact that their 

radiating surface in proportion to their cross-sectional 

area is greater than any other form of conductor. 

 

The charge bus is a current carrying conductor that 

connects rectifier outputs to the battery string.  For a -

48V system, the (-) lead of the rectifiers would 

terminate on the charge bus as would the 

corresponding (-) side of the batteries.  The protection 

devices also connect to the charge bus.  The battery 

return bus provides a common return/reference point 

for the connected loads and the power system. This 

common reference point is connected to the site 

ground to provide a low impedance path to ground for 

transients and noise and also provides a ground 

reference to the connected equipment. 

 

Another essential component of a distribution system is 

the shunt, a calibrated, low resistance resistor 

designed to provide a specific voltage drop at a specific 

current.  As current flows through the shunt, a small 

voltage is developed across the shunt which is 

proportional to the current flow.  The user can 

determine the current flow in the system by measuring 

this voltage drop, then deriving current by dividing the 

voltage drop by the resistance of the shunt. 

 

The last major elements of the distribution system are 

disconnects.  Battery disconnects are switches 

installed at a battery string so that the battery may be 

disconnected from the plant for maintenance or in the 

case of an emergency. Some battery disconnects 

incorporate other features such as over current fusing 

or circuit breakers and shunt-trip devices to cause the 

switch to open at the push of an Emergency Power Off 

(EPO) button. 
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Low voltage disconnects respond to a low voltage 

condition in the plant.  The low voltage disconnect 

(LVD) contactor is used to disconnect either the load 

from the system (low voltage load disconnect 

[LVLD]) or the battery from the system (low voltage 

battery disconnect [LVBD]) when the battery has 

been completely discharged in a long duration power 

outage. There are three reasons for using an LVD:  

 

1. Prevention of load damage due to an under 

voltage condition. Some communications 

equipment may be damaged when operated with 

an excessively low input voltage or draw excessive 

current that could trip a feeder circuit breaker.  

2. Prevention of damage to the battery due to over-

discharge. Discharging a battery below the lowest 

recommended end voltage might permanently 

damage the battery.  

3. Load shedding - to disconnect specific loads in a 

prioritized sequence to maximize backup time for 

more critical loads.  

 

Wireless operators vary on their requirements for using 

an LVLD or LVBD.  Some carriers do not want either, 

since they believe it introduces another point of failure 

into the system.  For those who do use low voltage 

disconnects, the trend is toward the LVLD.  Operators 

are often willing to allow the batteries to fully discharge 

and thus need replacement, in order to maintain 

service to the customers for as long as possible.  

 

Supervision, Monitoring & Control 

Most modern telecom power plants are equipped with a 

microprocessor-based monitor and control system 

(Controller) that monitors and/or controls voltages, 

currents, temperatures, and other parameters.  The 

Controller is typically mounted in a panel in the power 

plant, on the door of the distribution cabinet, or in a 

rectifier slot.  The user can access the system directly 

at the Controller using push buttons, a keypad or a 

control knob.  Just as importantly, the user can access 

the system remotely from a Maintenance Center.  With 

the proliferation of cell sites, remote access is 

becoming more and more important.  A typical system 

controller, showing plant voltage and current, is shown 

below in Figure 12. 

 

Figure 12: System Controller 

 

The Controller integrates plant control, alarm 

monitoring, status monitoring and plant history 

functions, all of which are discussed below. 

 

Plant Control:  Control functions are extended from 

the supervisory panel to control various other power 

system components.  Microprocessor-based 

supervisory panels have direct communications with 

rectifiers for monitoring and single point control.  In 

some plants, the Controller is capable of sequencing 

the re-start of all rectifiers to prevent power surges 

during transfers between commercial and standby AC 

power. Other control features include: 

 

 Manual equalize – allows the user to initiate all the 

rectifiers into the equalize mode with one common 

switch. Used for maintenance purposes with VRLA 

batteries, i.e., equalizing cell voltages in a battery 

string. 

 HVSD/OVP (high voltage shutdown/overvoltage 

protection) – automatically shuts down all the 
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rectifiers when an output DC over-voltage 

condition is detected.  

 LVD - controls one or more contactors that 

automatically open when a low battery voltage 

condition is detected and close when the battery 

voltage returns to normal.  

 Battery temperature compensation – used to 

adjust the rectifier output voltage to ensure that the 

battery float voltage is correct for the operating 

temperature of the battery.  

 Charge current control – used to limit the flow of 

current into the battery when recharging 

commences after a power failure. This ensures 

that the battery is not charged too quickly, resulting 

in excess heat generation and possible reduction 

in battery life. 

 Battery diagnostics – tools for estimating the 

health of the batteries and predicting the battery 

run time (how long they will last at the present 

discharge rate). 

 

Alarm Monitoring:  The Controller monitors events 

such as distribution fuse alarm, battery fuse alarm, 

rectifier failure, converter failure, etc.  Alarms are based 

on an analog or digital event. Each alarm may have a 

two to five second delay before extending an alarm, 

which is intended to eliminate false triggering due to 

line transients or false alarms.  Alarms are reported at 

the power system in the form of LED indicators.  Some 

carriers also connect the alarms to an audible alarm 

circuit.   Alarms are also reported remotely to the 

Network Operating Center via relay contacts and/or the 

connection through the controller. 

 

Status Monitoring:  The Controller monitors battery 

(charge) and load (discharge) voltage through direct 

connection of the sense leads to the source.  The 

battery and load currents are monitored with an 

external shunt.  Calculated values may also be 

provided such as total rectifier output current 

(numerical addition of individual rectifier output 

currents). The Controller can monitor room and battery 

temperature through the use of temperature probes. It 

also provides contact closures for customers to assign 

their own monitoring points. 

 

Plant History:  Many Controllers are capable of 

logging power system details, thermal performance of 

outdoor enclosures, battery cell specifics, or variations 

in AC input voltage.  The Controller maintains a 

performance record of these details plus all analog and 

binary inputs.  If battery cell monitoring is provided by 

the Controller, performance logs on the batteries are 

maintained as well. 

 

Ancillary Power Conversion 

In many wireless applications, there is a need for more 

than just the primary DC power.  In the case of +24V 

radios, there is almost always a need for -48V since 

most transmission and network equipment runs on -

48V.  As wireless operators transition from one 

technology to the next, they may need both -48V and 

+24V to operate the radio equipment.  Installing two 

different power plants is one option; however, these 

two plants need two separate battery plants.  Even if 

the cost is justifiable, there often is simply not enough 

floor space to accommodate both sets of power 

equipment. 

 

The solution is to use a DC-DC converter, an 

electronic power conversion device that takes a DC 

input voltage and converts it to a different output 

voltage.  There are many types of DC-DC converters, 

but for wireless applications the two main types are -

48V to +24V (referred to as a 48/24 converter) and 

+24V to -48V (referred to as a 24/48 converter).  The 

DC-DC converter system is connected in series 

between the main DC power system and the load as 

shown in Figure 13. 
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Figure 13: DC-DC Converter Connection

 

 

 

 

 

 

 

 

 

 

A converter system consists of single or multiple 

parallel DC-DC converters and may incorporate many 

of the features found in the main DC power system 

including distribution, common ground bus and 

supervisory. DC-DC converters should have dedicated 

fuse/circuit breaker positions on the main DC power 

system for protection and isolation. If converters are 

located in the same relay rack as the main DC power 

system, direct connection to the bus work on the input 

is permissible. 

 

Since the converter system does not have a battery 

connected to its output, adjustment of the output 

voltage is less critical, and low voltage disconnects and 

temperature compensation are not required. The output 

voltage of the converters is adjusted to match the 

requirements of the load and to ensure correct load 

sharing between parallel converters.  Note that since 

DC-DC converter systems have to be energized by the 

primary power system, allowances should be made for 

this when sizing the system. 

 

Some AC-power devices at the cell site require battery 

backup.  The solution is to use a DC-AC inverter, an 

electronic power conversion device that takes a DC 

input voltage and converts it to an AC output voltage.  

The two main types of inverters are off-line and on-line.  

The off-line inverter has an AC input and AC output, 

with a standby DC line connection available. The on-

line inverters has a DC input and AC output, with an 

optional AC standby line available.  The off-line inverter 

is frequently used in cell site applications.  A block 

diagram of the cell site system including the inverter is 

shown in Figure 14. 

 

 

 

 

 

 

 

 

Figure 14: Inverter Connection
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Like the DC-DC Converters, the input for the inverter 

comes from the power plant.  Depending on the type of 

load being powered, the inverters may be operated in a 

redundant manner, like the rectifiers and converters.  

But the more conventional solution is to utilize a feature 

of many inverters called a static switch.  The static 

switch is an electronic device capable of protecting the 

load by switching between two available power sources 

– the output of the inverter or a source of commercial 

AC.  The static switch operates very quickly so that 

the load is not dropped. 

 

For very critical applications, a maintenance bypass 

switching panel is included so that an inverter could 

be completely de-powered for servicing or even for 

replacement without disturbing the load.  The 

maintenance bypass panel is essentially a mechanical 

switch that “makes before break” so that AC power is 

not interrupted to the load.  The load is dependent on 

the integrity of the commercial AC power during this 

interval, but for certain applications this arrangement is 

acceptable.  Often, both the static switch and 

maintenance bypass panel are deployed in the same 

system. 

 

Photos of a D-DC converter and an inverter are shown 

below in Figure 15. 

 
Figure 15: Converter & Inverter Units 

 

   

DC-DC Converter     AC-DC Inverter 
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Integrated Wireless Power Systems  

In the previous section, we discussed the different 

components of a wireless power system.  While each 

component serves a separate and distinct function, 

several of them can be integrated into a single system 

for most cell site applications.  This integrated 

approach reduces the amount of rack space and floor 

space needed to perform all the functions.  Additional 

synergy is provided when the rectifiers and converters 

or inverters are all managed by the same system 

controller.  The industry certainly embraces the 

integrated solutions, as this design is very common in 

today’s cell sites. 

 

A typical integrated cell site power system consists of 

one or more shelves of rectifiers and one or more 

shelves of DC-DC converters.  The system integrates 

the power conversion components with the distribution 

system by connecting them with bus conductors.  The 

distribution system contains the integrated DC bus 

work, circuit breaker/fuse panels and cabling tie downs 

to distribute the power to the load.  The system 

controller is included in either a rectifier slot, a rack 

mount panel or in the door of the distribution cabinet.  A 

photo of a popular cell site power system, with the 

controller occupying a rectifier slot, is provided in 

Figure 16. 

 

 

 

 

 

 

 

 

 

Figure 16: Integrated DC Power System

 

Cell site power systems range from 100 Amps to 

several hundred Amps of primary DC power.  For +24V 

applications, the systems are often configured for 1000 

to 1200 Amps of primary power.  For -48V applications, 

the capacity is typically around 600 Amps.  The actual 

amount of power consumed is much less than the 

capacity of the system.  This allows for growth as new 

or different loads are added.  Since the systems are 

modular, additional power can be added by simply 

plugging in a new rectifier into a vacant slot. 

 

When there are secondary loads that use a different 

voltage (+24V or -48V), DC-DC converters are added 

to the system.  If a -48V radio requires Multi Channel 

Power Amplifiers (MCPA) to boost the radio signal, 

48/24 DC-DC converters are required since the MCPAs 
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have a +24V input.  Likewise, to connect a +24V radio 

to the network, 24/48 DC-DC converters are required 

since most transmission equipment operates at -48V. 

 

Another need for converters arises when service 

provider upgrades from one radio technology to 

another.  When carriers move from 2G to 3G or 3G to 

4G, they usually maintain the original equipment for a 

period of time so they do not inconvenience customers 

who are not ready to make the transition.  If the two 

radios have different input voltages, the carrier has two 

choices – add a completely separate power system to 

energize the new radio or add converters.  While 

straightforward and easy to manage, the addition of a 

new power plant is sometimes problematic because of 

floor space limitations.  But adding converters is not 

always the answer either.  If the new radio has a 

relatively large load, then several DC-DC converters 

may be required.  Each of these converters must be 

powered by the primary power plant, so the addition of 

the converters consumes some of the capacity of the 

original plant.  The right solution is based on the 

application and the needs and objectives of the 

wireless operator. 

 
Wireless Power Configurations 

Some carriers place equipment shelters, or huts, at the 

base of the cell tower to house all the equipment.  

Others place the equipment in outside plant (OSP) 

cabinets.  There is a distinct difference between the 

two applications. The shelters are environmentally 

controlled and look like small telecom offices, with 

equipment mounted in relay racks and connected by 

cables on ladder rack.  The integrated power system 

may be in one rack, the batteries in another, the radio 

equipment in still another. 

 

The cabinet configurations are more complicated 

because they have to integrate the equipment in a 

confined space, plus provide HVAC to keep the 

batteries and/orequipment at the right temperature.   

Carriers typically segregate the power from the radio, 

with each having its own cabinet connected by cabling.  

Sometimes carriers have separate power and battery 

cabinets to accommodate the amount of batteries 

required at the site.  Other applications call for 

integrated power and battery cabinets.  A shelter and 

an integrated cabinet are shown in Figure 17 below. 

 

 

 

 

 

 

 

Figure 17: Equipment Shelter and Integrated Cell Site Cabinet
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Summary 

The concepts behind wireless power systems are 

simple and straightforward – supply the right type and 

amount of power to run the wireless equipment, and 

continuing doing so under all circumstances.  We have 

seen that this simple concept actually entails multiple 

products and subsystems.  The sources of power 

include the utility company and the backup generator 

for AC, and the batteries and, sometimes, DC 

generators for DC.  Power conversion modules include 

rectifiers that change AC to DC, converters that change 

the voltage and/or polarity of the DC input power, and 

inverters that change DC to AC.  The power generated 

by all these devices is distributed to the loads by 

means of a complex distribution subsystem consisting 

of protection devices (fuses and circuit breakers), 

disconnects, bus bar conductors and cables.  And all of 

these elements are managed and controlled by an 

intelligent, microprocessor-based system controller. 

For wireless systems to provide the level of 

performance expected by customers, they need 24x7 

operation.  Since commercial AC outages are 

inevitable, there must be a satisfactory means of 

supplying power during the interruption of power.  The 

DC power system used in wireless applications 

provides this level of service.  It offers N+1 rectifier 

redundancy to ensure power conversion continues 

even if one of the rectifiers fails.  The system relies on 

batteries, usually configured in parallel strings, to 

instantaneously provide power for up to 8 hours 

following an outage.  And most sites rely on backup 

generators to supply power during extended periods 

without commercial AC.  This “belt and suspenders” 

approach is the tested and true means of supplying the 

reliable power that users have come to expect. 
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