DUTY CYCLE

Duty cycle (or duty factor) is a measure of the fraction of the time aradar istransmitting. It isimportant because
it relatesto peak and average power in the determination of total energy output. This, in turn, ultimately effects the strength
of the reflected signal aswell as the required power supply capacity and cooling requirements of the transmitter.

Although there are exceptions, most radio frequency (RF) measurements are either continuous wave (CW) or pulsed
RF. CW RF isuninterrupted RF such as from an oscillator. Amplitude modulated (AM), frequency modulated (FM), and
phase modulated (PM) RF are considered CW since the RF is continuoudly present. The power may vary with time due
to modulation, but RF isalways present. Pulsed RF, on the other hand, is bursts (pulses) of RF with no RF present between
bursts. The most general case of pulsed RF consists of pulses of afixed pulse width (PW) which come at a fixed time
interval, or period, (T). For clarity and ease of thisdiscussion, it isassumed that all RF pulsesin a pulse train have the same
amplitude. Pulsesat afixedinterval of time arrive at arate or frequency referred to as the pulse repetition frequency (PRF)
of so many pulse per second. Pulserepetitioninterval (PRI) and PRF are reciprocals of each other.

PRF = /T = /PRI [1]

Power measurements are classified as either peak pulse power, P, or average power, P, .. The actual power in

pulsed RF occurs during the pulses, but most power measurement methocﬁc, measure the heating effects of the RF energy
to obtain an average value of the power. It is correct to use either value for reference so long as one or the other is
consistently used. Frequently it is necessary to convert from Pp to P, Or vice versa; therefore the relationship between
the two must be understood. Figure 1 shows the comparison between B, and P .
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Figurel. RFPulseTrain

The average value is defined as that level where the pulse area above the average is equal to areabelow average
between pulses. If the pulses are evened off in such away asto fill in the area between pulses, the level obtained isthe
average vaue, as shown in Figure 1 where the shaded area of the pulseis used tofill in the area between pulses. The area
of the pulseisthe pulse width multiplied by the peak pulse power. The average areais equal to the average value of power
multiplied by the pulse period.
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Since the two values are equal:

PaeX T =P, x PW [2]
or

Pave/Pp =PWIT [3]
Using [1]

Pave/Pp = PW/T = PW x PRF = PW/PRI = duty cycle [4]

(note that the symbol T represents pulse width (PW) in most reference books)

Theratio of the average power to the peak pulse power isthe duty cycle and represents the percentage of time the
power is present. In the case of a square wave the duty cycleis 0.5 (50%) since the pulses are present 1/2 the time, the
definition of a square wave.

For Figure 1, the pulse width is 1 unit of time and the period is 10 units. In this casethe duty cycleis:
PW/T = 1/10= 0.1 (10%).

A moretypica casewould bea PRF of 1,000 and a pulse width of 1.0 microseconds. Using [4], the duty cycleis
0.000001 x 1,000 = 0.001. The RF power is present one-thousandth of the time and the average power is0.001 timesthe
peek power. Conversdy, if the power were measured with a power meter which responds to average power, the peak power
would be 1,000 time the average reading.

Besides expressing duty cycle asaretio as obtained in equation [4], it is commonly expressed as either a percentage
orindecibes(dB). To expressthe duty cycle of equation [4] as a percentage, multiply the value obtained by 100 and add
the percent symbol. Thus aduty cycle of 0.001 is also 0.1%.

The duty cycle can be expressed logarithmically (dB) so it can be added to or subtracted from power measured in
dBm/dBW rather than converting to, and using absolute units.

Duty cycle (dB) = 10 log(duty cycleratio) [5]

For the example of the 0.001 duty cycle, this would be 10 10g(0.001) = -30 dB. Thus the average power would
be 30 dB less than the peak power. Conversdly, the peak power is 30 dB higher than the average power.

For pulse radars operating in the PRF range of 0.25-10 kHz and PD radars operating in the PRF range of 10-500
kHz, typical duty cycles would be:

Pulse ~ 0.1-3% = 0.001 - .03 = -30to-15dB
Pulse Doppler ~ 5-50% = 0.05-.5 = -13to-3dB
Continuous Wave ~ 100% = 1 = 0dB

I ntermediate Frequency Bandwidths of typical signalsare:

Pulse 1to 10 MHz
Chirp or Phase coded pulse 0.1to 10 MHz
CW or PD 0.1to5kHz

PRF isusually subdivided into the following categories: Low 0.25-4 kHz; Medium 8-40 kHz; High 50-300 kHz.
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