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Link Budget

• Ham radio operators often complain they can’t access 

their local repeater with their HT.  Why?

• We’ll explore the concept of Link Budgets to help 

answer that question.

• Let’s step through what the components of a Link 

Budget are first.



Link Budget
• A radio Link Budget is a systematic accounting of all gains 

and losses from the transmitter, through the medium (radio 

spectrum), to the receiver.

• There is a Link Budget from the Repeater to the HT and a 

Link Budget from HT to the Repeater. (We’ll look at a 

diagram next slide)

• To answer the question why I can’t “HIT” the repeater from 

my HT is because the Link Budget is out of balance.



Simplified Link Budget Diagram

Power at the HT receiver’s input (dBm) = Power of the Repeater transmitter (dBm) – Repeater Feed Line Loss (dBm) + Repeater 

Transmitter Antenna Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses (dB) + HT Antenna Gain (dBi) – HT Feed Line Loss

Formula 1 – From the Repeater to the HT

Formula 2 – From the HT to the Repeater

Power at the Repeater receiver’s input (dBm) = Power of the HT transmitter (dBm) – HT Feed Line Loss (dBm) + HT Transmitter 

Antenna Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses(dB) + Repeater Antenna Gain (dBi) – Repeater Feed Line Loss

This is the critical link
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Link Budget AARC Tackled

Repeater Site

HT Site at Safari Waters



Free Space Loss Component
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Free Space Component

It is impacted by frequency and distance

Power at the Repeater receiver’s input (dBm) = Power of the HT transmitter (dBm) – HT Feed Line Loss (dBm) + HT Transmitter Antenna 

Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses (dB) + Repeater Antenna Gain (dBi) – Repeater Feed 

Line Loss

Free Space Formula
Free Space Loss = 20 log10(d)+ 20 log10(f) +32.45

d = distance (km)

f = frequency (MHz)

32.45 is a constant

Using our formula ->16 km ~ 

10 miles results in 100 dB of 

Free Space loss at 145 MHz



HT Transmitter Component
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HT Transmitter Power

Limited by battery power and size

Power at the Repeater receiver’s input (dBm) = Power of the HT transmitter (dBm) – HT Feed Line Loss (dBm) + HT 

Transmitter Antenna Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses(dB) + Repeater Antenna Gain (dBi) – Repeater Feed Line 

Loss

Watts to dBm Formula
dBm = 10 log10(Watts x 1000)

Using our formula ->5 Watts 

is the same as  +37 dBm



What Losses & Gains Remain
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Formula 2 – From the HT to the Repeater
Power at the Repeater receiver’s input (dBm) = Power of the HT transmitter (dBm) – HT Feed Line Loss (dBm) + HT Transmitter Antenna 

Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses (dB) + Repeater Antenna Gain (dBi) – Repeater Feed Line Loss

What’s this!



What Losses & Gains Remain
Formula 2 – From the HT to the Repeater

Power at the Repeater receiver’s input (dBm) = Power of the HT transmitter (dBm) – HT Feed Line Loss (dBm) + HT Transmitter Antenna 

Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses(dB) + Repeater Antenna Gain (dBi) – Repeater Feed Line Loss

HT Feed Line Loss (dBm)    1 dBm

HT Transmitter Antenna Gain (dBi)   0 dBm

Repeater Antenna Gain (dBi)   3 dBi

Repeater Feed Line Loss (Heliax & Lighting Arrestor) 0.80dB/100’ = 2 dB (120 feet)

Miscellaneous Losses (dB)   60 dB

These 5 loss and gain 

components in the link 

budget net out to -60 dB

Miscellaneous Losses include:  Multipath Fading (20 dB), Rain (18 dB), 

Shadowing (Foliage) (20 dB), Pointing (1 dB), Polarization Mismatch (1 dB) 

= 60 dB



Let’s Run The Numbers
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Formula 2 – From the HT to the Repeater

Power at the Repeater receiver’s input (dBm) = Power of the HT transmitter (dBm) – HT Feed Line Loss (dBm) + HT Transmitter

 Antenna Gain(dBi) – Free Space Loss (dB) – Miscellaneous Losses(dB) + Repeater Antenna Gain (dBi) – Repeater Feed Line Loss

This is the critical link

Power at the Repeater receiver’s input (dBm) = +37 dBm - 100 dB – 60dB = - 123 dBm 

What does -123 dBm mean?  It’s the power level at the repeater’s RF receiver that 

comes from the sum of all the gains and losses from the HT transmitter toward the 

repeater.  NOW WE HAVE TO DETERMINE IF OUR REPEATER’S RECEIVER IS 

SENSITIVE ENOUGH TO PULL THIS SIGNAL POWER OUT OF THE NOISE!



Determine Repeater’s Sensitivity
Power at the Repeater receiver’s input (dBm) = +37 dBm - 100 dB – 60dB =  - 123 dBm 

Our repeater has a specification. For the AARC repeater the receive side of the repeater has a sensitivity spec which is:

Minimum Receiver Sensitivity for a Yaseu DR repeater is 0.22 uV @ 50 ohms 

We have to convert the receiver sensitivity measured in microvolts to power.  To do that we need a couple of  formulas:

We know that Power = Voltage (E) * Current (I) and we know voltage (E) but not current (I).  To get to current (I) we go 

back to Ohm’s Law.  E = I*R and solve for I which is equal to E/R and we know E and we know R.

Formula is Power = E * E/R = E2/R and we have to convert to dBm = -120 dBm (I have a spreadsheet for these 

calculations)

For reliable communications our radio receiver must have -120 dBm of power present at the antenna connector.  (Reliable 

is defined as the power level at the RF front-end allowing the repeater to discriminate between noise and signal.  The 

received signal is subject to both thermal and external noise.)

Our Link Budget Analysis reveals we DO NOT have any LINK MARGIN but rather a 

shortfall of 3 dB (-123 dBm - (-120 dBm)) = -3 dBm

We start with this:



How do we fix this?
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We added a PREAMP between the repeater receive input and the diplexer 

resulting in a new signal level of (-123 dBm + 14 dB = -109 dBm.  We now 

have a LINK MARGIN of (120-109) = 11 dB where before we had none.

14 dB Gain

We were 3 dB short in our  HT to 

REPEATER link budget and the preamp 

added 14 dB gain in the receiver chain.  

Now an HT 10 miles away can access the 

AARC repeater when before it was not 

possible.



Questions & Comments
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