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Wiener-Khinchin Theorem
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Fig. 4.1 A sketch of the relation between the voltage input as a function of time, V(t), and fre-
quency. V(v), with the autocorrelation function, ACF, R(t). and corresponding power spectral
density, PSD, 5(v). The two-headed arrows represent reversible processes
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Band pass filter, Vi, < V < V.

Band stop filter, v, <V < v,,., €liminated
Low pass filter, v < v, .,

High pass filter, v> v,

All pass filter, phase change

Fregquency
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Noise
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Chopper
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Receiver T, and system T noise temperatures at the LO frequency of 804 GHz:
1) Tiec 2) Tgysincluding the emission cell without windows

3) Tgysincluding the evacuated cell and HDPE windows

4) Tyysincluding the evacuated cell and Teflon windows

5) Tyysincluding the cell and Teflon windows, the cell is filled with 1 bar of air
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Radiometer formula:

AT I

I
T*,'-m VAVT

Receiver stability

ATrms  AG
In G

AT - root mean square (RMS) noise, Av — bandwidth, r— integration time, G — gain



Bolometer
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Thermal Reservoir

Cooled down to K

Energy balance equation:

ddT +94-AT =P
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Capacity (C = AQ/AT) Conductance (G = 1/R) Power absorbed
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Heterodyne receiver
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Heterodyne receiver

Mixer
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Heterodyne receiver
Mixer

I = o [Esin(2vst + 0s) +V sin(2wviof + ‘SLG)]E

/ /

Signal LO
I = %L’l’ (E?+V?) (DC component)
—3 Lo E? sin(4mvst +20s + 5 ) (2nd harmonic of signal)

—raV*sin(4nviof +28.0+ %) (2nd harmonic of LO)

1(4
+aVEsin[2m(vs — vio)t + (8s — dLo+ 5)]  (difference frequency)
—0VEsin[2m(vs + vLo)t + (0s +0L0 + 7 )] (sum frequency).
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Heterodyne receiver

SIS (superconducting-insulating-supercondacting) Mixer

superconductor

Vo insulator I

superconductor

Fig. 2.2: Basic concept of a SIS-junction. a) Two superconductive elec-
trodes (=100 nm thickness) are divided by a thin insulating barrier (=2-5 nm
thickness).
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Heterodyne receiver
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Heterodyne receiver

Hot electron bolometer (HEB) Mixer

connection’ . "HEB

waveguide RF

srabe im,. blocking

filter

waveguide
cavity

Fig. 1.10: Left: Microscope picture of a 1.9 THz waveguide cavity and
substrate channel carrying a silicon nitride membrane with an HEE mixer
and integrated waveguide circuit.
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Side band problem

Emission spectrum of acetone measured by
TEraherz Laboratory eMIssion spectrometer (TELMI)

- USE line

LSE line

IF Frequency [MHZ] (f = 804465 MHz)

Emission spectrum of acetone measured by
TEraherz Laboratory eMIssion spectrometer (TELMI)

= /5B line

LSB line

IF Freguency [MHZ] (f _ = 804800 MHz)

f(LO)—f or f—f(LO)

2 -1 LO +1 +2GHz

USB: f = f(LO) + f(IF)
f(IF) = f - f(LO)

LSB: f = f(LO) - f(IF)
f(IF) = f(LO) - f



Side band problem
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Fig. 5.6 A sketch of the single sideband mixer (SSB). The input signal, f(t), is divided into two
equal parts. There are two identical mixers located in an upper and lower branch of the sketch.
The LO frequency from a central source, ®,, is shifted in phase by m/2 from the input to the
output of the mixer in the lower part of the sketch. In the lower branch, the phase of the input
signal is also shifted by m/2. After mixing the signals are added to produce the single sideband
output
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Heterodyne receiver

Amplifier, High Electron Mobility Transistor (HEMT)

Source Gate Drai
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Fig. 5.8 This figure shows a HEMT amplifier. As with FETs, the current flow from Source to
Drain, around the Gate. The electric field from the Gate is shown as a darker, irregular region,
has a large effect on the current flow from Source to Drain. Thus, this amplifies the signal placed
on the Gate. Because of the potentials in the interface layers, the electrons can flow from Source
to Drain only in a very thin layer. This is shown enclosed in semicircles; this part of the HEMT
provides the gain. The quantity g, is the transconductance, and ugs is the velocity from gate to
source. The product of these is the gain of the amplifier. The quantities labelled “Lg, Lp, etc.”
represent inductances internal to the HEMT; the “R”s are internal resistances, and *C"’s are internal
capacitances
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Beauty in Radio Astronomy.
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