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INF

C Outline

di Fisica Mucleare

 AGATA preamps. No change since last report.

« IPAA4. : equipped with external FET and 100 Ohm

output stage. Solution ready for prototypes read-out (N of
board need TBD). Availability of integrated chip as die
and mounted in SOIC14 ~ 80 pcs (or more).

« Update of CMOS preamplifier:
: F. Zocca
B. Schwingenheur

« (Cabling from FE to Digital electronics
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)
INF The front-end solutions for GERDA

uututn Mazionale

Fisica Mucleare

Existing devices suited for GERDA PHASE I:

 BF862 FET (inside LN bath) + Milano-Agata Hybrid
preamplifiers (outside LN bath)

* Integrated monolithic JFET preamplifier IPA4 with internal or
with external JFET. (both inside LN bath)

 BF862 + Amptek 250 preamplifier (both inside LN bath)

CMOS Front-end:

« ASIC CMOS Circuits. Probably available for Phase I, necessary
for PHASE 11

— Two development: Milano (A. Pullia) and MPI Heidelberg.
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/}omparison of the three preamps features

' N FN T Energy Sensitivity RT ENC_ . Power
L-/ K] [mV/MeV (Ge)] [ns] [n.electrons] [mMW]
Idﬂ: tute Mazionale

(AGATA+BF682)A 300 150 6.5 145 (=2 ps)
short cable
(AGATA+BF682)C 300 150 80 156 (t=2ps) | 5y
long cable 77 180 (t =10 us)
(AGATA+BF682)P 77 150 33
long cable

300 | 150 (C;= 0.5 pF) | 400 (v.=12v) | 110 (t =10 ps)

300 75 200 (V,=12V) | 114 (t =10 ps)
150 (V,=18V) 130
[PA4F ~77 75 140 (V,=12V) | 130 (t =10 ps)
60 (V,=18V)
~120 75 80 (V.=12V) |75 (=10 ps)
40 (V,=18V)
300 55 27 144 (t=2 ps) | 20
AMPTEK 250 +
BF862F 77 55 S5 168 (1t =2 us)
ACp=27pF,C;=15pF 120 55 27 100

B Cp =23 pF, C;= 1.0 pF, 2x3 m cable between JFET and preamp, Ccomp=33 pF

D Cp =23 pF, C;= 1.0 pF, 2x3 m cable between JFET and preamp, no compensating capacitance.
EFCp=27pF, C;= 1.0 pF




) Test of the AGATA preamps tested in the
INFN GERDA setup (long cables and FET in LN)

measurements performed

* Nucleare { at the test bench
|

at room tgmperature (300°K)
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e Philips BF862 JFET : Coaxial :
o CF = ].pF ' RF = 160 | Cables : |
| |

|

- an m — ~ =/
AGATA preamplifier mod. PB-B1

® Cy = 23pF, Ciper = 1pF RG62 (93 Q)

I
e R1 (& RO) = termination resistances | or I
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INFN _—
| Oscillating response

Istituto Mazionale
di Fisica Mucleare

NO compensation capacitance

JFET-preamp distance: ~3m == total length of the delay lines: ~ 6m

£ o
o
——

Output [ a.u. ]
o
0]

1 16 Y 1 " ) " I N 1 |

14 _ Measured waveform ]
" Mathematical model

12r Cables length = 6.1 m

1,0 F

A, = 13000

Time [ ns]
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Comparison between
the waveform observed

t=280ns
04 Ce=1PF 1 at the circuit output
05 Ciot = 33 PF .
2] =150 and the mathematical
°f =500 ] model based only on the
0200 200 300 400 500 600 time delay introduced

in the feedback loop

GERDA meeting



INFN

Istituto Mazionale
di Fisica Mucleare

capacitance

0,8 . - 1

L | FET connected to preamp

through RG62 cables
0,6 F 9

| FET-preamp distance =4 m

Time [ns]

S o4l
(]
g - Comp.cap. =25pF - e
e | FET&R.atroomT _
> 0,2 C. = 23': Rise time
- det — pF
5 - '
5 0| single ended positive signal 59 ns
@) - single ended negative signal 596 ns
- —— differential signal 60 ns
0,2
| : | 1 | y | | |
300 400 500 600 700 800

Stabilizing the output response by means of a compensating

Single cable length
(FET-preamp
distance): ~ 4m

A compensation
capacitance of 25pF
allows to stabilize the
output signals, but we
have to accept a little
overshoot (~1%).

The rise-time
obtained is of ~

60ns

>

If we want to COMPLETELY eliminate any overshoot, we have to
reduce the bandwidth and accept a LONGER rise time,
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INFN
(_ ..... The technique of deoscillating filter

di Fisica Mucleare

W —r————T T T T T T T T T 1

0 oscillating response

600 . / q
s of :
E wl jnput m— The de-oscillator function
§ 300 | \ ]
E 20 F response deoscillated by the : x]
< ol <« numerical filter : rise time= 33 ns

L FET-preamp distance =5.3 m|
-100 = .

200 400 600 800 1000 1200 1400 1800 1800 2000 2200 2400

Time [ns]

The response of the preamp at a
step function, before and after
applying the de-oscillator filter
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“"The result of applying the de-oscillator filter when
INF the input charge pulse is composed by two
- “structures” (double-hit event)

stituto Mazionals
di Fisica Mucleare

| ! | ! I ! I ! I ! I ! I ! I ! |
1000 |- waveform obtained after =
filtering out the oscillations
g00 L Preamp respc.)ns.e as S
— affected by ringings
>
E 600}
S | inputsignal
input signa
2 400
o response obtained by using 4
<EE 200 a compensation capacitance _|
200
ns
0 _ 4
FET-preamp distance = 5.3 m
_200 1 | 1 | 1 | 1 | 1 | | 1 | 1 | 1 |

1000 1200 1400 1600 1800 2000 2200 2400 2600

The shape of the input waveform (blac:-ll;I E[rll‘eelc[egsi; altered by the preamplifier
oscillations (red trace). The original waveform is reconstructed using the de-oscillator
filter (green trace). As a comparison the response obtained with a highly compensated
preamplifier is also shown (blue line), as delayed by 300 ns for the sake of clarity.
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A

INEN Noise measurements
( .(at the test bench, JFET at room temperature)

T T I L) ¥ L] T T L) L) L) I
FET&R:atroom T
FET connected to Cyet = 23 PF
preamp through:
—_ 3.5 m RG58 cables O experimental points
o — fitting curve
S : :
- 4.1 m RG62 cables O experimental points
2 fitting curve
o
S N
Fo R NN A
9, AR ;7
O NN s/
pd | NN ______ A
L R D S 2
AN T /
x4
AN 1/f noi d
NN\ noises L \
100 F e series ,7 1
white senes NN\ 7" white parallel
noises N\ N y; ; noises
| N N\ i y v P R |
L 10
Shaping time [us]

Line width in Ge [keV fwhm]

® FET at room temperature
¢ CdeT =23 PF

® semi-Gaussian shaper
amplifier (Ortec mod.572)

-

Minimum at 2 us
shaping time:

156 electrons rm.s. =
1.07 keV fwhm in HPGe

Noise furgs gut sabe almost independent fromJhe cable length or type



Noise measurements

( .... (atthetestbench, JFET inLN)

ENC [electrons r.m.s.]

1000

FET, Rp and C. sinked

in liquid nitrogen (T=77°K)
Cyet =23 pF

FET connected to preamp through 4.1m RG62 cables

O experimental points -
fitting curve

___________________________

100_‘ ~

Shaping time [us]

Line width in Ge [keV fwhm]

® CdeT =23 pF

® semi-Gaussian shaper
amplifier (Ortec mod.572)

j,

JFET in LN (T=77°K):
minimum at 10 ps shaping time
178 electrons rm.s. = 1.2 keV
fwhm in HPGe

The reduced
transconductance g,, causes a
worse electronic noise |

Remember :
JFET at room T (300°K):
minimum at 2 ps shaping time
156 electrons r.m.s. = 1.07 keV
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INFN

Istituto Mazionale
di Fisica Mucleare

Bandwidth measurements

The reduced g,, causes a

osf " T pre;mp N depr*ease in the charge loop
[ through 4.1m RG62 cables I i gain and so a reduced
A I 1| bandwidth of the circuit
S 0,3} —— T=300°K i
8) —— T=77°K (in LN)
% 0,2 | - 5
g o1t i changed R educed - This decrease is not sufficient
o p i Despont oscillation 1 | to eliminate oscillations but it
or 1 | only helps to partially stabilize
0 N the circuit, so that the needed
0 200 400 600 800 10001 compensation capacitance will
Time [ns] have a lower value

Rise time values obtained after complete compensation
‘ (with no oscillation or overshoot) are of the same order

of those measured at room temperature ,
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A

INFPbnclusions on the use of AGATA preamps applied for

C GERDA

di Fisica Mucleare

v The AGATA hybrids preamps have adequate performances for
GERDA but can be placed only outside the LN bath or in a vacuum
insulated box inside the LN bath. In the first case they have to be
connected to the front-end JFET by 2 x 6 m long cables (93 Ohms
or 50 Ohms have been tested) to close the feedback loop. The
delays introduced in the feedback loop by the long cables induce
oscillations in the output pulse. These oscillations can be managed
either compensating the capacitance in the amplifier or applying a
newly developped de-oscillating technique. With the latter a rise
time of the order of 33 ns has been reached with a Cdet=23 pF.
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L/ Developed in the *90s in a joint reasearch project between BNL, Italian
mimendmsMURST and INFN, for LAr, LKr calorimetry.
Shielding
RG316 50 Q box
cable

The IPA4 polarization circuit.

V. Re, co-author of the IPA4 circuit, provided us several

[PA4 chip in SOIC plastic case + 1 polarization board, and several useful
discussions.
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'NFN The IPA4 N-JFET monolithic preamplifier
Sensitivity ~2-2.5 V/pC with C.= 0.5 pF = 120 mV/1 MeV in Ge
A(f) 75 dB — 60 dB (depending on the adopted configuration)
g 1 9.7 mA/V
W.L of J1 1820 um, 15 um
S;of J1 1.52 nV/Hz!?

C; 9 pF

T, 400 ns with C,= 0.5 pF

Output Single ended. Do not drive 50 Q load.
Power consumption ~ 100 mW

Polarity positive and Negative

V+,V- +12V,-6 V
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INFN IPA4+external FET BF862

Heidelberg, 20-22/02/2006
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Vout [mV]

) IPA4+external FET BF862
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INEN IPA4+external FET BF862 @ 300 K

1uF
utltutn Mazionale 1000hm
di Fisica Mucleare BFS62 RG316 RG62 ’{ 0SCILLOSCOPIO
E

1000hm

L

Trig"d

Ch1 Ampl
3a96mVv

Chl 200mve M 100ns A Chl & -252mV
18 Moy 2005
i+~ —4.00000ns 04:03:57
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A

L’/m:'%ompamson of pulse fall time for IPA4 with internal
Lrotae octncle and external FET.
1f [nS] f [nS]
COPF | BEss2) | (1) c
0 27 110 re =G4
CF X gm
15 36 140
27 44 155

g J1 (I,~2.6 mA)= 9.7 mS

g BF862 (I,,~3 mA)= 30 mS
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Istituto Mazionale
di Fisica Nucleare

IPA4+BF862 @ LN

. - Ch1 Ampl
linearita R 54.8mV
2000
1800 A
1600 - /
— 1400
£ 1200 | /
S -
>
600 - e
400 =g
200 - /
0 B T T
0 1000 2000 3000 Chl 20.0mve M 200ns A Chl f—44.8mV
_ 18 Nov 2005
Vin [mV] 120 -+~ —4.00000ns 03:02:11
100
Vv 80 - /
~o% — 1,155V / pC 7 ad
i — 60
n “|: /
at 7.0—0—0—0—0—0—0»—4/’_/
20
0
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u&tutn Mazionale

)
INFN

di Fisica Mucleare

ENC rms

400

350 ~
300 +

250

200 +
150 -
100 +

50

\

IPA4+BF862,, . @ LN

[PA4+]1.

N

VG=+12V VD=-4,5V

T [us]
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INF IPA4 + J1,,. + 100 Out stage:
simulated pulse 50 ns fall time (@ 300 K).

2-Fab-20068 Fi 1 gerdanews . con
T

la T
16129456 ELDC ¥6.6_ 1.4 Production - 0314,222 « Spectrometry preamplifier IPA4
u_g‘?[ls]

Cf=0.5 pF
Cd=27 pC

0.4
Out |
= n.&

Swing to -1.5V
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) IPA4 + J1,,, + 100 Q Out stage:
INFN the new test board

New setup for LN measurements

Heidelberg, 20-22/02/2006 C.Cattadori INFN Milano & LNGS GERDA meeting



A

INFN Production of IPA4 based FE for crystal prototipes
(_ .. (Phase I & IT) read-out. Issues related to radiopurety

sHtuto Maziona
i Fisica Mucleare

 CMOS preamps (Milano R&D) will be ready as front-end after summer
2006. CMOS from HD?

e Availability of enough IPA4 chips (2 wafer to be cutted + 20 chips in SOIC
packages); use them to read-out crystal prototipes

* Ordered board production. Layout done. Need to define total number(~ 30)

* Components and radiopurety

— Board substrate : Diclad 570 (PTFE/glass) 0.2 mm or Cuflon© (pure PTFE
with copper evaporated under vacuum) 0.25 x 10-3 ”, golded.

— Resistors and Capacitors: 0804 and 0603 SMD components.

— IPA4 in SOIC 14 pins packages. Also possible to mount as die (chip dim 44 x
33 x 8 mils).

— Soldering compound: selected for CRESST

Total mass ~ 5 g. = Assuming a specific activity of the ensamble of 10 mBq/kg
for 232Th (obtainable without terrible effort) = Activity of each FE board (1
ch) ~ 5 uBq of 232Th.
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Pure PTFE Uhira Low Loss Microwave Subsirates

Is
di

Polyflon's CuFlon® Substrates

Palyflon has taken advantage of the qualities of
PTFE and coupled them with 8 proprietary plating
procass to produce a microwave substrate whose
performance cannot be equaled by any other sub-
sirate available at this tima.

The pure PTFE material with a dielectric con-
stant of 2.1, and 8 maximum peak dissipation fac-
tor of Q0045 (at 1 o 3 GHZ), = avallable in stan-
dard and custom dielectric thicknesses, {00025 to
005" and 010" to 1257, with double sided copper,
in & standard range of copper plated claddings
which includes 143 0z2.{0.5 mil), 172 0z.{0.7 mil, 1
oz.{1.4 mil), and 2 cz.(2 B mil). More or less copper
can be gpplied in the plating process to meel the
specific requirements.

Comparison of CuFlon and PTFE
Glass Laminates

Paramatar PTFE PTFEIGLASS

Digdectric Constant 2,90 217

Dissipation Factor 00045 A3
{10 GHz)

Pael Strength & |bsfin. B |bsfin.

Wiater Absarplian 001 % 0350

Unique Characteristics of PTFE. (Cyflon good candidate

Electrical and Physical Properties

PTFE has unique elecirical and physical proper-
Lies: low losa tangent and dissipation factor, low
dielectric constant, very high velurne and surface
resistivity, high temperature resistance, chemical
ineriness, and almost zero water absarption
FTFE has been used as insulation in many
RFlow 1o microwave frequencies) applications,
including cormmersial, government, and militany. It
i3 the anly material curently svaitable where all
thece desired and diversified characteristics
come tegefher.

Mechanical Properties

FTFE is & semi-rigid matérial, and due i this
characteristic it has bwo minor drawbacks,
namaly; cold New exrusion and a higher coeffi-
clent of thermal expanszion rato tham rigid materi-
als. Some substrate manufacturers have added
vanous elgments to the PTFE to make it mane
rigkd. This has reduced these problems slightty,
but hasg, im turn, created more serious problems,
such 35 raising the loss tangant and eréating norn-
urifarmily of the diglectric constant in the sub-
strate. Additionally, the diglectrlc constant is not
cansistent aver temperature and frequency varia-
fians.

Heidelberg, 20-22/02/2006
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INF

Cabling (for HV and FE)

L—/f.';m vamad vailable measurements performed on coax cables and components
28R | 228Th | 226Rg | 40K 60Co 137Cg
mBqg/kg | mBg/kg | mBg/kg | mBg/kg | mBg/kg | mBg/kg

Kapton coax <15 <11 <12 <100 |[<5 <4
3.5 g/m

(HV candidate)

Kapton flat

(Cuore)

Teflon coax

(RG316 16 ¢ /m

or RG178 8 g/m)

SMD resistors 270 180 270 1300

(COBRA) 810 580 620 <500

Heidelberg, 20-22/02/2006
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A

INFN
_ ....cabling from FE to FADC depends on FE

« Single-ended / twisted

e Controlled impedance at LN

« Radiopurity

« Teflon and kapton coax worth to be investigated deeper
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INFN

C Question

di Fisica Mucleare

 Where and when perform a full program of y spectrometry
and/or ICPMS measurements dedicated to FE and cabling?
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A

INFN
... ASIC CMOS fully integrated circuit at Hd

i Fis Nlare
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(. Comparison of RG62 with RG58 cables to connect
o s JFEt to the amplifier

Rise time values vs. different FET-preamp
distances in complete absence of any overshoot

mof T 55 50 o) i Better performance of
=T ) RG62 (93 ohm) cables |

L | through RG58 or RG62 cables l

220 -

s The main cause is the
] difference in the time
delay they introduced in
the signal transmission:

FET & R-atroom T
Cyet = 23 pF

200 -
180 -
160 -
F O . .
140 |- ¥ experimental points

120

Rise time [ns]

100
80 [
60

a0 [ -
: 4 6 8 RG62: ~ 4 ns/m

FET-preamplifier distance [m]
RG58: ~ 5 ns/m
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A

L’i’:NConclusions on the use of AGATA preamps applied
e ot for GERDA

v" The noise of the preamplifier is 156 e- (rms) when the FET
1s at room temperature and 178 e- (rms) at LN temperature.
This correspond respectively to 1.05 keV and 1.2 kKEV
FWHM 1n Germanium

v In liquid nitrogen the JFET transconductance decreases:
this fact helps to stabilize the circuit against the oscillations
due to the delay lines in the charge loop BUT causes an
increase 1n the electronic noise. The performance would
improve by warming the JFET a little bit.
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Thfa}cuital layout of the I(ntegrated)P(re)A(mplifier)4
INBNE Tmonolithic preamplifier: input device J1 is dimensioned to

wlatch detectors of 10 <Cd<100 pF_

i

tuto Mazionale

--Mn RS o e e e e e o e e e e e e e o

SUBSTRATE

1 G ___I * Ol
14 (LC)

20 | I B i e

3 :
I3 (LC)

4{;._..L_:| W = 80 pm 17 (8C)

I ¥ W o] 140 ym "—0
3 Jg (5O)
= | 140 jim

o —
0 ) ) ) ) R N e - o o e =

1600
W = Gl pm

15 (LC)
W ) e

Fig. 2. Active device architecture.

The preamps 1s integrated, all JFET realized
with the buried-layer technology (very good
noise performances in principle better than
than CMOS but slow devices technology.
Developped for LAr and LKr applications).
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INEN The IPA4 hybrid ciurcuit with C.R; and
polarization components

s S

Fig. 3. A-tvpe preamplifier configuration.

All polarization components are out of the preamp, to
allow several preamp configurations, to fit the

application.
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Published noise figure of IPA4 preamp.
Never measured at LN or LAr.

w 10 -
% - - &) diserete NITZL
= - b sangle monolithic 11
=
E
i
L 7]
[ F]
L]
=
4: :?
- 2
C =] |
— : = 1 Lo el MR ERTT |
g . ' e 10° 10 10*
% f [Hz|

Fig. 6. Input-referred spectral densitics of voltage noise as a
function of frequency: (a) Discreie device with the same peometry
as J, (b S L {©) Complete preamplifier,

Fig. 7. ENC as a function of the peaking time r, for the A-type

preamplifier followed by a semigaussian unipolar shaper: (a) The

standing current in J, is 0.6 mA; (b) The standing current in J, i filano & LNGS GERDA meeting
5 mA.



Purpose of our tests on IPA4:
- reproduce the nominal behavior

- measure the pulse rise time, poorly described in the
reference paper and in the thesis.

- Test several possible operational configuration, varying the
relevant operational parameters (Iysin J1, the active load of
the high impedance node, the polarization V., efc.) to improve
the pulse RT.

- Characterize the device at LN temperature (noise, and RT).
- Test the possibility to drive a long cable.
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Test of IPA4 on the its 1brid board
(thick film circuits + SMD capacitors

and resistors
C;=0.5pF
Cp =27 pf
| S T 300 K >77K
PR TR | Vo
PreVu —— +12, —6 450 ns 320 ns
+18, -6 160 ns

Increasing V., and cooling the RT
significantly improves.

T=C (Clg, Cy

Measured sensitivitv: 2.6 V/nC
The integrated circuits permanently damages after few cycles at LN

M 100ns A -42.0mv
24 Jun 2005

i+~ 306.000ns 00:50:34



A

'NFN Test of IPA4 mounted on a newly build PCB board

Uhhm Naziona le
F

5
di Fisica Mucleare

« To vary safely the relevant components to
vary IDSS, Cf, Cd etc, and because the
thermal cycles damaged the ibrid board, we
built in our lab a printed board. Performed
the following tests: . = e

« Vary Ry 4,7kQ, 2,7k, 1,8 k) to increase S
the IDS—> No significant variation of RT. R

+  Substitute J3 with resistor (2.5 k€2, 1.6 kQ) to (EuSEEE
reduce the active load. = No significant |
variation of RT.

» Change C.~>as expected significant variation §8

REMARK: All our measurements preformed with |
Teflon RG316 cables
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- A Trig?
A W Tl- i .' 15 £ ... " 3 || 0 K Vv . Sele (_'t
i .sms @, —sUUMY Measurement

Istituto Mazionale
di Fisica Mucleare

¢ Cycle Mean

PreVu ! U Cycle RMS

111 e = l;T'._l.ll.-ll-'-!lj"".:. Select M20.0ms A I 17.6mv
)-8MS . —ZL.80MYV R eas i emen
Ch1 Ampl ) i 24.40 %

20.2myv

-more-
S of 6

s High—Low
Mean ¢ (“é;%?g Setup
Ch1 RMS Auto

Cycle Mean Effect of boil off
bubbles when the
preamp 1s directly

SR ) crsed in the LN Tt

Reference
Levels

Ch 1R Y M20.0ms A S 17.6mv e rei .
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INI

IPA4 measured noise figures in the GERDA setup at
relevant temperatures

Istituto Mazionale
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") Comparison of tests at T=77 K and T=300 K

INFN Cf = 1.0 pF, Cd= 27 pF
(—/Idt]mtu Nazionale IPA4 on printed circuit. [PA4 on printed circuit.
T=77K T=300 K

removed back Cu layer

V=12V 175 ns 150 ns 125 ns
V=15V 155 ns 110 ns 105 ns
V=18V 120 ns 100 ns 93 ns

Conclusion: our double Cu layer printed board presumably
introduce a parasitic Cf, as it is faster but gain 1s reduced.
Again, increasing V+, significantly improve the RT.
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Noise measurements at T=300 K
'NFN V+= 12 V,Cf=1.0 pF, Rf=10 6Q,Cd=27 pF

B T=77 K preliminar
T ENC,_ T ENC,_
[us] [e] [us] [e]
0.5 300 0.5 293
1.0 225 1.0 230
2.0 185 2.0 211
3.0 138 3.0 206
6.0 115 6.0 196
10.0 107 10.0 135

At LN difficult to perform measurements due to microfony caused by
bubbles on chip and board. Then built a rudimental cold finger, but
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u&tutn Mazionale

di Fisica Mucleare

Trig'd

A Trigger
Slope

M 100ns A A—81.0mV
e+ 244.000Nns
Mode

AUto
& Holdoff

Source Coupling Slope Level
DC 24 31.0mV
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(_/m Test of Amptek 250 preamplifier

di Fisica Mucleare
Run T Trig'd

L] ]

1

\

T e

Run Trig'd

@i S5.00mv M 100ns A
i 10.00 %

““m,,‘,w,,‘-MNuw'-me‘w»mA gl et e, <

e g A e 8y, o P ) g S e, T b i e S el

20.0mvV M40.0ns A J 19.2mV

Heidelberg, 20-22/02/2006

i 8.800 %

40.7

11 Aug 2005
07:00:52




A

INFN
 ..... Testof Amptek 250 preamplifier
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'NFN Conclusions

* Work 1s ongoing to look for the preamps suitable to
work in our experimental conditions and a couple of
solution are pursued.

* Open 1ssue:

choice of mounting (preamp nearby cristal or in
junction box), cables, gamma ray -measurements of
feedback components, and of IPA4 preamplifiers in the
die configuration, long term stability measurements,
ete....
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INFN
( .... CMOS ASIC circuit R&D program

di Fisica Mucleare

 Milano: AMS 0.8 um, 5 V technology
 Hd: AMS 0.6 um technology
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INF Loop gain

u;lsgtutn [\!aziunale Stable part

of the gain

reset —*— “static error”
Vi, device Vout —

I C*es*\[Eg e 1 V.. C

out __ “test
(0.25 t0 0.5 pF) =

.......... 0 (5o S

i e R T _ 1
Cdeté Cin - A MNA-G—— &= G,
= I s v\)é ! | o

MeV —

termination - G
resistors

oop > 1000 for gamma-
spectroscopy performance

~ 0.5 pF

w 4

> m | A>10

ICin +C +Cp + CFI

test

Heidelberg, 20-22/023pbeitive dividéﬁaﬁadé;i INFN l\elano & LNGS GERDA meeting
100



A

INFN Proposed circuit structure (from J. Gal*)

Istituto Mazionale
di Fisica Mucleare

12V
25V
RF CF %RD Vou‘r

BF862 G NS :%

= Vb 35v
: new output stage

detector )
erector di + = e ~ (low impedance &
Iscre ef ASIC (CMOS swinging to
components 0.8um 5V) negative-rail)
~— _
—
A = gm RD X G
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*J. Gal et al. “Realization of charge sensitive preamplifiers using current feedback operational amplifier”, Nucl. Instrum. And Meth., Vol. A366, pp. 145-147, 1995
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Spice simulation of proposed circuit

(
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INFN Conclusion

A few issues must be addressed before a complete design of an
integrated preamplifier for GERDA can be made

The output stage must be able to drive a 6m long cable maintaining its
bandwidth and a large negative voltage swing

A test chip has been designed to address the most critical issues of
this design, which will be delivered in the next months
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Fig. 2. Simplified schematic of a standard charge preamplifier. The detector
adds a capacitance (not shown) at the input of the order of tens of pF for
segmented HPGe detectors.

the detector capacitance 1s increased. In fact the risetime 7. of
the preamplifier 15 given by

(1)

where

x Analog electronics Rf

—AN—
__I |_
from = (t e}
detector shaper

P/Z

Fig. 3. A standard approach to increase charge sensitrvity while reducing the
decay time. Note that a P-Z nefwork is required.
Rf
—WA

—i—
Cf

~— fo
shaper
4 —

Fig. 4 Proposed approach The discharge current is increased due to the
increased voltage drop across I, The decay time constant is thus reduced
with no need of a P/'Z network.

', sum of detector. preamplifier-input, and feedback ca-

pacitances;
'y feedback capacitance;

preamplifier;

) mternal capacitance of the amplifiing node of the filano & LNGS

GERDA meeting



