physics/9902042 17 Feb 1999

1D. Yvon, V.˚Sushkov, R. Bernard, B. Cahan, O. Cloue, O. Maillard,, J.P.˚Passerieux, B.˚Paul, C. Veyssiere.1bat˚141, F-91191 Gif sur Yvette Cedex.2bat˚141, F-91191 Gif sur Yvette Cedex.3bat˚472, F-91191 Gif sur Yvette Cedex.*#Now at University of California Riverside, IGPP, Riverside CA 92521, USA.low for ofon to 500˚M. The use of looped byUsing JFETs, is shown low using of of unnecessary. If nochanges. short, is In of spurious noise,

2range,

Low address low X-ray 10-300 range. on of on apparatus. work on by[3, 4]. In ref. [1] we discussed of Cryogenic constraints:of or more. In JFETs, for devices. For transistors, working of1K, 54˚mW. of isthat up to now, low is JFET. we Johnson noises of of few 1/2(few ), we JFETs, known noises of order of 1˚nV/Hz and current noises of the order of 0.1˚fA/Hz. One as [5], is of consumption. run cold. used JFET power 0.5 10 mW, power JFET, shield, is expensive. or 3He do this, JFET has 4K stage. user has a

3JFETs do work 4 K 130 K 180 K. Thus weor power) of 1 few s. wish use when powered, JFET 150 K. of use [6]. is afour wires JFETs ofstage, power 4 K, by of

2

. use JFET, isof JFET is necessary. JFET low high-pass of low power1 W. Thus JFET aswe low bandwidth, JFET of JFET high-pass 0.1 Hz. power 4.2K

4ofPreamplifierwas of lowSo as of 1 shows of of Thusbs. Rff bb s is bf , DV (s) = RfRb2

) we aruns cryostat, forJFET, 77K or 4 K, on Preamplifier looptwo First of 5

5JFET. of of output. (R 18) has of FET biasing circuitwe of ground. of istoo. this, weJFET conditions. is purpose of no is used), of Through R22, the JFET drifts. of has slower scale, high-passes signals. = 1 ˚ s apowered. is low-Thermometer biasing circuitsof odd Twowhen used slow is when used foris preferred. is of so of . has by 100 our

6is purpose of R28 R29 divider. JFET is somehow ground output. rises

VVRRRg ff b= +

, on

VVRRRp bf b= +

. of 10˚mV range, of 10. of few 100 mV, sets two problems. First when is no grounded, a3 volts. by 100 has increases).this, we for biasing. of is grounded. of JFET biasing, rises

VRVg DC bf b p= + =

is has of signal, we our Post amplification and power supplyhas no power supply is required. use low powerlow pass 2N2905, BC560C

7power supply, we on power supply of post of post cards. up lines, we used cables, of twousing resistors we boards

8Tests resultsNoise measurementsNoise two conditions. aourresistors up 10 G = ). 3) as low as , by Johnson of resistor. Noise cryostat. JFET 1 5 0 ˚ K However we use wiring, we of low wires. Not surprisingly, on 10 3 2 0 ˚ m K strong 5 0 ˚ H z Nevertheless, on we ,of Johnson noise. Previous using W c o l d 2 0 ˚ m K , s h o w e d JFETcurrent noise is as low as 0.2 fA.Hz.Bandwidth measurements was by NJ132L JFET, f˚= 10 W[13]. we [2] of 2.05˚kHz, of 80 we of 45˚kHz, as on is = ˚ 0 . 3 6 ˚ p F , of

9we on bf) = 0 . 2 ˚ p F , we saw low of surprising was, slower as following. 4is of isby chip. 1 of known = 5 ˚ p F : ). has

w b f b b f s R R R R C = +

= ). l fpole. purpose of is f has less . was . awe of using 200 R18 resistor, wl6 on Then, our when was 4K, of few we of Hz. does when is of bf > 0 . 0 1 ) . is is aof

RRfb 2119 21+

is necessary, by

10Practical limitations.appear.resistors. = ). resistorswhen 4K. Using f = 0.2 pF) we of 4.4 s, of . sets with this board to 1 ms.of is slowerusing or If turns problem, used as agood [1]. Also, strong biasing, unstable. was

Lock-in

design

using

thecurrent

is slower few of boards as we on cables, up. use of chips. In of using design. boards of few

11waves. used of So as of oneasily. is of few on on using good is by wave. of is by resistor�s C3 or for (figure˚6a): the is does on on resistor. of unnecessary. If has SSM2141 wave. ground. of is is

12register. Thus we �slow 2 Hz low-signals. Thusused chip, board). If drifts, no on output. of is Baseline subtraction and filtering issues.low-passing is of on

eATfGfoffset = �Ł� �ł�D

eoffset is ) of of transients, G is off is frequency. For s, , f=1kHz), of -4 is has of short 6b). is of 50 kHz) of designs noise, has ofs e c o n d o r d e r ˚ [ 1 ] .

13Tests of chain. of showed of is by used study twofor we 300˚mK four JFET is a[8] of of 1.8 K is Finally, we shotHe L . ˚ D u b a n d [ 9 ] . of315mK, by 25 used of 100 2 surface. was GPIB when Infrared bolometerof [11] as(no power versus of power load. bath.

RTRTK( ) .= �Ł �ł -0 8 31

, , 3 7 3 ˚ m K power by :T)˚=˚2.9 10 , P in Watt and T in Kelvin. This shows isof 20 Hz, on450 MW. Using

14taking, on shot Furthermore, of spurious noise, aPulses data acquisitionmodel, 3[10] iswire, on 8 of 350 mK. slow in [10,12], is of of phonons substrate. few of microseconds, leak. Hadwould low-(80 pF 300 )of unknown was found on low

for of on . showed shapes would usingUsing JFET, is shown

15(1 1/2) chain. showed is use chain, biasing. changes. short, thus low-passing of is In of spurious noise, range,J.L A. Benoit, Grenoble, France), fordiscussions, J-P.Torre d’a�ronomie, France), L. P. d’Orsay, for low of cryostat. M. using

[1] D. Yvon and V. Sushkov, TRANSACTIONS ON , for phonon low Nucl. Inst. Phys. Res. 368(1996) 778-788[3] L. al., for used for X-rays g-rays Inst. Meth. in Phys. Res. A 380 (1996) 371-375Nucl. Part.

16[5] A. al., using MESFETs of low 1/f noise�, Nucl. Inst. Meth. Phys. Res. A 295 (1990) 405-410[7] E. al., using �X-Ray, for Atomic Physics�, SPIE, vol. 1159 EUV, (1989) 423-432[8] Paris, DESPA, 5 Janssen, 92195 Meudon Cedex, France.[9] L. Duband, des Basses 17 Av. desMartyrs, F-38054 Grenoble Cedex 9, France.[10] S. al., of using phonons�, Proc. of Workshop onLow of Physics, (July1997) 134-136.[11] #1876, 1808 Street, A Z ˚ 8 5 7 1 9 — 6 5 0 5 , U S A . [12] D. al., for phononconversion in NbSi thin film bolometers�, Nucl. Inst. Meth. in Phys. Res. A370 (1996)200-202

17Figures1) of f is 2) of we we resistors on power of chips, loop, JFET 3) Noise input, as . is .up 50 Hz is seen. 4) of poles. is

w b

f b b f s

R R

R R C

=

+

fff l of lfblf.5) of we of of changes, no of ofis necessary. If, conditions, is

18, we do suffer loss, of board. was 1 ), was 100pF, 10 MW. used 4 , = ˚ 1 0 . shows is of (norequested, 5b), is of He shot cryostat, using on 8) Fast pulses on using NbSi [10]. Two Am pulses shown. is on leak. is on of of few of