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BNCTPOIEACTRY IR, HUSKOUYMAIMA TPAHCYMIEIAHCHNA TTPEIYCWMTELD
S J.K. TAPJAKSH

OTMCHB26TCA ONHOKAHAJBEHA TPaHCUMISIIHCHNR IDEIyCUITEND,
pacoTapyi ¢ CHCTPONSHCTBYWIMM IUSJESKTDUYSCKIM IETEKTOPOM: BpeMA
HapacTarya -1,5HCEK, KOS(OMIMEHT yclesus ~3,0MB/MKA (KackaImupo-
B3HHO - ZIOMB/MKA), CPeIHEKBAIPaTUUEOS SHAYEHV2 BXOIHHX WLYMOB
-30HA, MOTpRCIASMAA MOMHOCTE -22MBT. C [INMOWEN M2MEFEHWA Halpa-
HeHVA TTaHUA BO3MO¥EH BHOOD PalsHhX 3HaUEHUR MapaMeTpoB B UIMPO-
KOM Ijarnasoue.




L. Introduétion

Employment of dielectric detectors in time-of-flight spectro-
meters is also due to their higher speed of response [1-4]. But in
this case the current pulses with about lns risetime and a few uA
amplitude need to be amplified enough to be able to reliably
trigger a discriminator. The speed of response of the preamplifier
should be such, as not to affect the time.characteristics of ;he
detector. At the same time, the preamplifier should have low input
noisgs (tens of nanocamperes) and a high gain factor. 1In genefal,
these problems have opposite solutions, but we have ﬁade an
attempt to find an optimal solution realized in the form of the

proposed transimpedance preamplifier.

2. Design

The circuit schematic for the preamplifier is shown in Fig.l. '
Here is used cascode as the fastest (the Miller effect is

i N AL
neutralized), and with low intrinsic noise. The cascode cascade is

involved in parallel, with a negative current feedback.'ns it . is

kpown, such feedback is the most effective when wnrking' with

current generators like dielectric detector. The depth of feedback
is: chosen by RF. This resistor, together with the input capacity

Ql' for the feedback signal form an integrating circuit with a



time constant larger than the risetime, which results in formation
of an overshoot on the output pulse. To reduce this effect, RF is’
shunted with a 1pF capacitor. KT3101A-2 type transistors have been
used, which in case of the necessary static working currents and

voltages (IE=2mA; U E=2V) being provided, have low noise (1.8+3dB)

C
and sufficient. gain in the high frequency band. The circuit is fed
from a single power supply. Q3 is open at a negative input pulse,
this allowing at a small emitter current to obtain large negative
output pulses, their maximum height increasing with the supply
voltage (Fig.2). It is worth mentioning, that this static current

almost does not grow with the supply voltage increasing in a wide

range from 5 to 15v. Performance of the transistors and the

feedback are supported by a minimal number of elements, which is

very important from the viewpoint of improving the stability of
performance and minimigzing the sizes. Input and output are AC
coupled with 0.1uF capacitors. The circuit is hand built on a
printed circuit board with sizes 2.5:2cm, having a continuous

ground plane on one side.

3. Test Procedures and Results
Fig.3 and Fig.4 show a test setup using a current source. A

charge analog-to-digital converter under CAMAC control has been



used. The input current pulse width is 40ns, and the gate ADC

pulse width is 60ns. The amplitude measuréments in the range up to

150u4A have shown the integral nonlinearity to be <0.25%. The gain

factor at ‘a 50 ohm load is mea;Pred to be 3.5mv/uA, this not
1

changing noticeably with the suley voltage varying in the range
\

from 5 to 15v. This dependedée is shown 1in Fié.s. Stable
performance of a single section‘iallows one by connecting two
sections in series to obtain a cur;ent gain factor of up to 4500
(225mv/uAn), practically not chanqin§ the other parameters. The
input impedance, remaining within hundreds of ohms, 1s in a
significant dependence with the supply voltage (Fig.6), resulting\
in the strong dependence of the static emitter current of Ql on
the supply voltage. The strong dependence of the risetime and

input noise on the supply voltage (Fig.7) is caused by the same

reason. Lower supply voltages give better noise performarice at the
L

expense of output swing and risetime. At lmns risefime the | r.m.s,
input noise is 45nA, and in case of 5ns the noise decreases down’
to 15nA. Slower-risetime detectors allow to limit the unﬁece#sary\.
wide bandwidth, to avoid additional noise. Table 1 lists relevant‘

parameters in case of 46V supply voltage.



4. COnclusiBn .

Besides meeting the requirements mentioned above, the

proposed preamplifier shows a stable pérformance with the fastest
| ) :
photomutiplier signals. Beside high s eed of response and low

intrinsic noise it also has a good 11near1ty (<0.25%), which
allows this preamplifier to be used_successfully in pulse height

spectral measurements as well - as with current-generator-type

detectors. Low power consumption makes it convenient for use in

) mutichannel systemsf
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Specifications (Vcc = + 6V)

Gain . 3.5,,\\,‘,”'(‘,““&1;19 __210mV/pB):
RMS Input Noise . . .30 nh"‘ |
Risetime, Falltime - 1.5 ns

-Input Impedance . 360 ohm
. Propagation Delay . _ ' l‘.6 ns

“—fntvgra'l*uonli:nearityi“"'"' . f<0‘;25%
u;x, Outpuﬁl_‘vd;tagve_ i_j.nq N | 800 m\_l:
Power ; Consumption T » 22w

Bize . 2.5 X 2 cm
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Fig.l Circuit schematic of preamplifier.
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Fig.4 Setup for integral nonlinearity measurement.
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Gain vs. supply voltage.
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Input impedance vs. supply voltage.
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Risetime and r.m.s. input noise vs. supply voltage.
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FABT, LOW NOISE TRB.NSIMPEDAI\“CE PREAMPLIFIER.

I,.X. PARLAKIAR

.A single-channel transimpedance preamplifier for faat
‘dieléctric detectors is descriped. The main sgpecitjcations of
the preamplifier are: risetime is 1.%ns; gain is 3,50 uA
(cascadable Z10wV/uA!; ,:.m.sf' input neise i3 320 nA: powec
.consumptibn is'22MH. Depending un svpply ;qlzage) the paraneters

may vary in a wide range:




