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Abstract—In this letter, a new temperature compensated 

internal LNA noise calibration source for system temperature 

monitoring is presented. It is easily integrated into amplifiers and 

has a negligible impact on the noise performance. The power level 

of the proposed calibration source is temperature compensated by 

a negative temperature coefficient (NTC) thermistor varying the 

bias voltage of the noise diode. The measured variation of the 

compensated calibration level is only 0.5 K for 34 K calibration 

level at 1.4 GHz in a temperature range from -40 C to +40 C. 

This internal noise calibration source is controlled by the detection 

of a tone signal applied on the RF output cable thus requiring no 

additional wiring to the amplifier. The designed noise calibration 

source provides monitoring of system noise temperature without 

the additional noise and cost of a directional coupler between 

ambient-temperature LNA and antenna. 

 
Index Terms—Calibration, noise diode, LNA, temperature 

compensation, low noise, receiving system. 

I. INTRODUCTION 

ERY low noise receiving systems as used in radio 

astronomy or space communications often utilize a noise 

calibration source to monitor the system noise temperature 

which may vary due to atmospheric noise, RFI, changes in the 

LNA, or earth-radiation dependent upon antenna pointing [1]. 

The most common method for this monitoring is through a 

directional coupler and noise source between the LNA and 

antenna as shown in Fig. 1(a) [2]. When the noise source is on, 

the added system noise due to the coupling is defined as the 

calibration level (Tcal). The directional coupler introduces a loss 

of approximately 0.2 dB in the low microwave range [3], [4]. 

This is acceptable in most cryogenic radio astronomy receivers 

[5], [6], since the coupler at 20 K physical temperature only 

adds 1 K to the system noise. 

 Recently, a 7 K noise room temperature LNA has been 

developed [7] and provides a high-performance receiving 

system without the costly cryogenic systems. For the non-

cryogenic environment, the directional coupler is no longer 

acceptable since the 0.2 dB loss will introduce 14 K to the 

system noise at room temperature. Another method to monitor 

the system noise is by the Y factor measurement with absorber 

material covering the feed aperture as the hot load and sky as 

the cold load [8], [9]. The disadvantage of the method is that it 

requires human or motorized interaction to place the absorber 

and is not easily implemented.  
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This letter considers a simpler calibration method utilizing a 

noise current source injected into the LNA as shown in Fig. 1(b) 

with considerations as follows. 

1) When the calibration is off, the noise added to the LNA 

should be small, less than 1 K. When the calibration is on, 

the added noise should be comparable to the expected 

system temperature, Tsys, of the order of 35 K to give low 

statistical fluctuation to the Tsys measurement with the Y 

factor method [9], [10]. 

2) Integration of the noise sources into the LNA raises 

questions of how it will be powered and controlled. A 

method of accomplishing this by the DC voltage and a tone 

on the RF output coaxial cable is described in Section II. 

3) The temperature variation of the noise calibration versus 

temperature is important as the LNA is usually located in 

an outdoor environment with large temperature variation. 

Temperature compensation of the noise source could be 

performed with a feedback loop [11]. We provide a simpler 

method described in Section II. 

4) The non-directional injection shown in Fig. 1(b) causes the 

injected noise to be a function of antenna impedance and 

LNA input impedance. This dependence is small if the 

antenna is matched to 50  and the effect is quantified in 

Section III. 

The noise source has been installed on 18 LNAs [7] with 

variation among units and temperature described in Section IV. 

II. CIRCUIT DESIGN DESCRIPTION 

The avalanche noise diode is commonly used for the noise 

source design [12-16]. We selected a Noisecom NC302L 

because of its relatively low avalanche voltage (less than +8 V) 

and beam lead packaging convenient for integration into an 

LNA [17]. The diode noise excess noise ratio (ENR) is in the 

30 to 35 dB range which is a noise temperature greater than 105 
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(a)                                                       (b) 

Fig. 1.  Block diagram of part of a radio astronomy receiver (a) with a 

directional coupler and (b) with presented non-directional injection.  
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K. Thus, the diode can be regarded as a large noise source and 

can be weakly coupled to the LNA input to satisfy criteria 1) 

above. The measured noise temperature (after 44 dB of 

attenuation) versus diode temperature and current (Id) is shown 

in Fig. 2(a), and the corresponding bias voltage (Vd) versus 

temperature and current (Id) is shown in Fig. 2(b). According 

Fig 2(a), when we drive the NC302L with a constant current, 

the output noise will change little with the temperature. This 

constant vs temperature can be realized by compensating the 

diode voltages vs temperature as described next. 

The noise calibration source was integrated into the custom 

LNA [7] as shown in Fig. 3(a). A complete schematic of the 

noise source is shown in Fig. 3(b). It was desirable to power the 

noise diode from the +5 V utilized to power the LNA, and a 

MAX662, +5 V to +12 V boost converter [18], was selected on 

the basis that it utilizes capacitor charge-pumps. Many boost 

converters use inductors to achieve the boost and were avoided 

because it would be difficult to isolate the LNA circuitry from 

the inductive coupling. The requirement for constant current 

versus temperature could be met with a current regulator 

between the noise diode and the +12 V source. However, it is 

much simpler to utilize a negative-temperature-coefficient 

(NTC) resistor [19] to produce the required bias voltage versus 

temperature shown in Fig. 2(b) to stabilize the diode current and 

hence the noise output. The three resistors to accomplish this 

are shown in the red dashed box in Fig. 3(b), and their total 

resistance (Rtot) and the derived diode current (Id) are shown in 

Fig. 4. Here, Rtot = 1000+RNTC×10 /(RNTC+10)  where RNTC is 

given by [19], and Id is derived from the formula Vd+Rtot×Id = 

12 V where the relation between Vd and Id is given by Fig. 2(b). 

As shown in Fig. 3(b), the weak coupling of the noise diode 

is accomplished through C0. The value of C0 is 0.05 pF and is 

available as an off-the-shelf surface-mount chip capacitor. At 

the desired LNA operating frequency of 1.4 GHz, C0 presents a 

reactance X ≈ 2275  and is in series with a 20  load. When 

the NC302L is off, the noise contributed by the 20  load can 

be calculated by finding the equivalent shunt resistance Rp of 

the series RC shown in Fig. 3(d) and comparing this with the 50 

 generator impedance. The shunt resistance is about 260000 

 which adds noise of 50/260000×300 K = 0.06 K, thus easily 

meeting the requirement of <1 K added noise with the noise 

diode off. Due to the high reactance and the very low added 

noise, the coupling circuit has no impact on the LNA matching 

and can be considered independent of the LNA. The 20  load 

as well as the diode current are selected to give the desired 

calibration level which is approximately 35 K. 

Switching the noise calibration source from on to off is 

accomplished through the SHDN (shut down) pin of the boost 

converter (MAX662); when SHDN is low the +12V is on and 

when SHDN is high the +12V is off. The switching transients 

generated by the converter charge pump are off thus assuring 

no interference with the LNA when the calibration signal is off. 

The SHDN pin is controlled by a 32 kHz tone applied on the 

LNA RF output connector thus requiring no additional wiring 

to the amplifier which is good for RFI proofing for LNAs used 

in arrays. This tone, when present with amplitude >200 mV 

peak-to-peak, forces the SHDN pin to low. As shown in Fig. 

3(c), the filtering and detection of the tone is accomplished with 

a LTC6262 dual operational amplifier which sets a threshold so 

that SHDN is clearly on or off and the noise calibration is not 

dependent upon the tone amplitude. 

 
      (a)                                        (b) 

Fig. 4.  (a) The total resistance Rtot versus temperature. (b) The derived diode 

current Id versus temperature. 

 
        (a)                                                       (b) 

Fig. 2.  (a) Measured output of NC302L as a function of diode current and 

temperature. Level shown is after 44 dB of attenuation. (b) Measured NC302L 

bias voltage as a function of diode current and temperature. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3.  (a) Internal view of the custom LNA. (b) Schematic showing the input 
circuit with coupling to a noise diode that is powered from the +12 V boost 

converter. (c) Schematic showing the tone detection circuit. (d) The equivalent 

shunt resistance of the series 0.05 pF and 20 . 
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III. MODELED POSSIBLE RANGE OF CALIBRATION WITH 

ANTENNA MISMATCH  

It is assumed that the calibration level (Tcal) of the internal 

calibration source will be first measured with a well-matched 

50  noise source connected to the LNA input (Tcal-50). When 

the LNA is connected to an antenna feed, the effective 

calibration level (Tcal-feed) will change due to an impedance 

different than 50  presented by the antenna. The Tcal-feed can 

be determined by connecting the LNA to the feed and 

performing a Y factor measurement with absorber material 

covering the feed aperture as the hot load and sky as the cold 

load [8], [9]. This Tcal-feed calibration needs only be performed 

once, is expected to be very stable, and can be used to monitor 

the system noise temperature as a function of time. Note that 

when we install the noise source in a different LNA, the 

calibration level will change due to the LNA impedance change 

as well. 

However, it is of interest to predict the range of the ratio Tcal-

feed/Tcal-50 as a function of only the antenna and LNA reflection 

coefficient magnitudes. This was performed using AWR/MWO 

circuit analysis software using the schematic shown in Fig. 3(b). 

The injected noise can be considered as a current source 

injected into the connection of LNA and antenna. The voltage 

at this node is then equal to the current divided by the sum of 

admittances of the LNA and antenna which can be measured 

with a network analyzer. This has been calculated by varying 

the admittance (amplitude and phase) of the antenna and LNA 

to find the maximum and minimum of the ratio. The simulated 

results at 1.4 GHz are shown in Fig. 5 for all -10 dB, -15 dB, 

and -20 dB LNAs as well as the presented LNA. For example, 

for all -20 dB antennas and -15 dB LNAs, the ratio Tcal-feed/Tcal-

50 is between 0.78 and 1.26.  

IV. EXPERIMENTAL RESULTS 

The noise calibration source has been fabricated and the 

noise performance was measured with a noise figure analyzer 

(N8975A, Keysight) and a calibrated noise source [20] (the 

reflection coefficient is lower than -30 dB). During the 

measurement, the LNA was placed inside a temperature 

chamber (SU-241, ESPEC) capable of reaching stable 

temperatures of -40 C to +40 C. The output of the LNA was 

connected to a bias tee to provide the DC power and the 32 kHz 

tone for control of the internal noise calibration source. The 

calibration level measurement versus frequency was performed 

at five temperatures from -40 C to +40 C with results plotted 

in Fig. 6. In the figure, the Tcal curves vs frequency are similar 

at all the 5 temperatures from -40 C to +40 C, and the 

variation with temperature is less than 0.5 K from the mean 

calibration level of approximately 34 K at 1.4 GHz. A repeat of 

the measurement with temperature compensation disabled gave 

3 K variation of the calibration level. The measured data 

changes little within a 12-hour period. 

As is typical with avalanche noise diodes, the ENR values 

can differ from diode to diode. To investigate this and to check 

the repeatability of the design, the calibration level of 18 

different copies of the circuit including LNA were measured 

with results shown in Fig. 7. The figure shows a variation of 3 

K from the mean of 35 K and all 18 copies exhibit the 0.5 K 

stability with temperature. 

V. CONCLUSIONS 

The design and test results of a novel noise calibration system 

have been presented. The system has the following new features 

compared to previous works: 1) The noise calibration source is 

simple and compact so it can be easily integrated into an LNA. 

The system adds less than 0.1 K to the LNA noise when the 

calibration is off; 2) The noise calibration source requires no 

additional wires to the LNA. It is powered from the same +5 V 

used for the LNA DC bias and is controlled by a tone applied 

to the RF output cable; 3) Elimination of a directional coupler 

eliminates the coupler noise as well as the cost and size of the 

coupler; 4) The change in calibration level due to non-

directional coupling with antenna mismatch has been 

quantified. This change is stable with time and does not affect 

the application of the internal source to monitor the stability of 

the system noise temperature with time; 5) The calibration level 

has been temperature compensated to a level of 1.5% stability 

over the temperature range of -40 C to +40 C. 

 
Fig. 5.  The simulated range of the ratio Tcal-feed/Tcal-50 dependent upon the 

antenna and LNA reflection coefficient magnitudes is shown above. 

 
Fig. 6.  Measured calibration level vs frequency at five different temperatures. 

 
Fig. 7.  Calibration levels at 1.4 GHz for 18 LNAs in the temperature range 

from -40 C to +40 C. The variation from one unit to another is due to 

differences in the noise diodes. For any one of the 18 LNAs the calibration 

level vs temperature varies by less than 0.5 K from the mean value.   
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