Bolometer Array Detectors Sector
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e Current work to analyze the HEMT and RF Amplifiers gain and noise at 300K is

being conducted in order to test the current design of the reflectometer.

The SET device:

» The Single Electron Transistor has junctions approximately 60nm by 60 nm in size,
withalpmisland. The total capacitance of the island to ground isso small (< 1 fF)
that electrons are prevented from tunneling onto the island through the junctions by a

“Coulomb blockade” energy €2/2C >> kT. Applying agate voltage turns the » Band-pass filters and amplifiers which make up the RF Amplifier chain have been

transistor on, and allows tunneling to occur, and current to flow. | T 1] oo analyzed over awide frequency at 300K using scattering matrix techniques.

) HEMT RF AP » Hardware to rack-mount room temperature amplifiers and bias circuitry was
» SETs have applications in detecting small changes in charge (on the order of one ; cimial able | — o designed and machined.
electron sensitivity in afew nanoseconds of measurement time). | | . D H I s S IS I S ! I

JI 1 L | -~ L~ * Noise of the amplifierswill be characterized by the Y -factor method.

SET-1

e We are using the SET as an electrometer for the following advantages: SET-2 |
- faster readout ,, | J_ | J_ Eiie o After proper testing, the reflectometer will be used in conjunction with the SET

- low noise device T S i B oI — 1o | circuit for further analysis with science instruments to measure the detector sensitivity.
- multiplexing capabilities < ol = 1
- can be integrated on chip with detector & l {} l | Measuring Noise - The Y factor technique:
1 it
o It is assumed that the power output of the amplifier is
Reflectometer Circuit and RE Mult pI . ng: proportional to the gain and the system temperature.
By putting a capacitor in parallel with each SET, and an inductor in series, resonant circuits are formed that transform  \We measure the output power as a function of the
: : _ the high output impedance of an SET (" 50 k? ) to match the 50 ? HEMT amplifier. The reflectometer circuit, with changing brightness temperature of the input load
The Directional Coupl er. directional coupler, can simultaneously read reflected signals from resonant circuits that each have a unique resonance
frequency. This provides aform of multiplexing of many RF-SET signals onto one coaxial cable. » The x-intercept from a plot of the system temperature on
* A reflectometer, which measures the reflection coefficient of adevice, will be used to the load vs. the output power will be the negative
monitor changes in the SET output in response to a changing input voltage on the SET gate. temperature noise of the amplifier.
: L . The Scattering Matrix provides a complete description
« A directional coupler allows an RF carrier wave to be incident on the SET and resonant Following Amplifiers: 81‘ the deviC_eagseeré frﬁm Its ports. We Canfo?ltain P, M K TSYSDI’]BW
Ci rcuiF, while the refl ecte_d wave IS directed to the input of a High Electron Mobility iArCieé:terr]rg??el}llte%tgda,\nang tfgre\srr%ietat?dr\e/g}_?%sé_(\)/vatxv& using
Transistor (HEMT) amplifier for measurement of the reflected power level. » Following the SET is an amplification chain. The first stage after the SET isa ngg;vnageﬁshdyza. Below isthe derivation of the _ ﬂP T = ﬂP ( T )
. o . . . cryogenic low noise GaAs HEMT amplifier designed by the NRAO. Additional gain : ol T > T Load NoEE
adigieplinesion, ine el esen REselie il beene e will a7 is provided by ZFL 1000 LN and ZFL 1000 amplifiers from Mini-Circuits. V7 © reflected Voltage 1 1

RF spectrum analyzer at room temperature. N
- : _ _ _ ) V™ © incident Voltage
 Amplifiers were selected to provide a gain which would increase the signal to a

conveniently measurable level without adding significant extra noise. [V ]1=[9][V"]

A Simple Scalar Analyzer:
Reference level in our TeStI ng the Ampl Ifl ers:

V Reflected Signal to V reflectometer is absorbed
r HEMT readout... ' intermination load...
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 To test the design of the system, the amplifier’ s scattering matrix is measured.
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 Calibrated S-parameter measurements at 300K were made with a vector , .
network analyzer. ‘%1‘ P gain; ‘%2‘ P reverseisolation

(0.1A+0.995 iB)

e

2 2
I —— » The ZFL 1000 LN and ZFL 1000 were characterized. At -25 dBm input |Su| P inputretumioss; [S,,| P output return oss
e S power, respective gains of 20 and 25 dB were obtained.

- Above: The gain of the Mini-Circuits ZF
f ‘ amplifier was measured with a network
20 MHzto 6 GHz at -25 dBm (dB vs. Hz).
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