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A gate for analog pulses has been developed which allows to perform a precise time-selection among a very high-rate flow of

incoming signals.

1. The experimental problem

Experiment NA38 [1] has been designed to study
the production of prompt muon pairs with incident ion
beams. The small cross section of hadronic-muon pair
production rcquires very high luminositics which in-
duce. in some of the detectors. counting rates as high
as 5 X 10® per sccond whereas the corresponding num-
ber of trigger-selected intercsting events amounts only
to about 200 per sccond. Under such severe conditions,
which could be similar to thosc forescen with future
high-luminosity accelerators. analog signals had to be
trcated with special carc in order to reduce the high
level of piled-up events. On the other hand, the choice
of a commercial, accurate. charge sensitive ADC with
short conversion time (55 ws) was limited, in our casc,
to the module LRS 2249 A which suffers of inter-chan-
ncl crosstalk when the amplitude or rate of input
signals do not comply with specifications. As a conse-
quence., the following three stage system was devel-
oped (fig. 1).

A lincar filter acts as a time compressor. It was
designed to reduce the pile-up effect due to the time
broadcning of the analog pulscs in the 140 m of KX4
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cablc connecting the detectors to the clectronics units.
It is described in section 2.

A lincar gate is used to reduce the pulse rate on the
converters down to the few hundreds per second which
arc corrclated with the trigger. Full details arc given in
section 3.

Finally. a pulsc-stretcher. described in section 4. is
uscd to match the output of the lincar gate to the input
specifications of the ADC.

2. The filter

The time dependence of the analog pulses given by
the detectors at the end of 140 m of cable can be well
described by ze 7 //7v. The filter consists of two identi-
cal cascaded bridged-T networks (fig. 2). The transfer
function of this filter is:

1+7yp )'

T(p)=(k+7,,p

The corresponding output signal is given by re %"/ ™.
k being the time compression factor. The characteristic
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Fig.1.Detection channel configuration.



c impedance is real and cqual to R, (50 Q). The filter

{I—';— components depend on the time characteristic 7, of
, [ A— the input signal and on the choicc of k through the
Ro Ro following cxpressions:
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Fig. 3. (a) The gate principle. (b) Internal timing for the T1 emitter charge evacuation signal. (c) The linear gate circuit.



3. The linear gate

3.1. Principle

A schematic diagram of the gate itsclf is given in fig.
3a. The gate is driven by a switching transistor T2
which is off in the rest state. On a command through
an cxternal control pulse (CP), T2 saturates so that the
gate transistor T1 switches to the on state and becomes
a serial fcedback amplifier. At thc end of the CP, the
carrier density near the collector junction of T2 de-
creases slowly (7, = 2.5 ws) due to the high value of the
resistance R, (100 k{2). In order to avoid a rcsulting
increase of the opening time of the gatc, the charge on
the cmitter of Tl is rapidly drained away through a
transistor T3 by a negative pulse, called RTZ, synchro-
nized with the end of the CP (fig. 3b), so that both the
rise time and the fall time of the internally generated
CP arc close to 0.7 ns [2). The recovery time of this
RTZ is 2.5 s which is negligible comparcd to the 55
ws conversion time of the ADC.

The polarization of the transistor T2 induces a
pedestal level on the collector of T1 given by AV =
AI_R,. To avoid a significant decrease of the available
dynamic range of the ADC, this pedestal is subtracted
as follows. A similar and synchronized channcl T'l,
T'2 and T'3 provides on the collector of T'1 the same
pedestal as on T1, the transistors of Ti and T'1 being
matched for this purpose. The pedestal level on T'1 is
inverted via a transformer and thcn added to the
corresponding level of T1. This addition is performed
on a couple of small value resistors (10 Q) so as to
preserve the bandwidth of the whole system (fig. 3c).
Unmatched rise times and time dispersion of the two
signals that are added can result in short-width (1.5 ns)
parasitic output signals with an amplitude of a few mV
and zero average-value integral charge. They are corre-
lated with the switching times of the CP and indepen-
dent of the input signal.
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Fig. 4. Small signal equivalent circuits of T1.

3.2. Characteristics

3.2.1. Gain

The gain of the gate is a function of the gain of the
circuit made of transistor T1 with its inversc feedback
loop. The transconductance of this circuit is:

. _ 8
in/Vin= (Q +gf)'

Following ref. [3] the forward transconductance is:
V4

E8=8m(Z+R +R,)’

where g, is thc transconductance of T1, Z =
r.//(1/iC.w) and R, =r + ry, (fig. 4). The two diodes
of the switching transistor T2 are forward biased dur-
ing the constant level CP and their low impedance is
constant. The feedback f is given by f=R.=Rg, +r
where r,, is the impedance of T2 and Rg, is equal to
56 Q. The voltage gain is G, = r,/V;, with:
R, Z
Em ((V+8nRHZ+R,+R.)’

where R, is the load iesistor. In the bandwidth where
|Z|>R,+R,

G,= -

R,
Em (1 +gnR.)’

G

Fig. 5. Effect of the gate on a dc level.



which leads to G =V, /V, ~ 0.86G, ~ — 0.4, in good
agrecment with simulation results and with real mea-
surcments.

3.2.2. Bandwidth

The measured cutoff frequency is 600 MHz. This is
a conscquence of the low values of the gain, the
impedances and the Miller capacitor feedback to the
input which is given by 0.3(1 = G,) in pF. This high
cutoff frequency is well matched to the S ns typical risc
time of the input pulscs as shaped by the upstrcam
filtcr. It can be noted that the transition times ol the
internal CP signal amount to (.7 ns (pcak to pcak from
-3V dc 10 (0.7 V dc). As a conscquence, the cffective
intcrnal gatc is widened up to (.7 ns for — 1.5 V, the
upper limit of the input-signal dynamic range. Fig. §
shows the effect of the gate on a dc input level.

3.2.3. Noise

The output noisc level, simulated with SPICE 2Go,
amounts 10 S0 wV rms within the bandwidth of 600
MHz as defined by the cutoff frequency. It has been
traced back to the noisc of the gate transistors T1-T2

and T'1-T'2 and to the noisc duc to the resistor
cnvironment.

4. The pulse-stretcher

The pulse-stretcher reshapes the signals coming out
from the gate and is intended to comply with the
specifications of the analog-to-digital converter which,
in our case, are a maximum amplitude of 1 V and a
whole dvnamical range of 256 pC.

Since the width of the actual input pulscs is small, a
good snproximation of a pulse-stretcher well suited for
the ADC which follows, is a circuit which givcs, for a 8

function input pulsc, an output pulse analytically dc-
scribed [4] by:

with £ = 0.8 and 7 = 10 ns so that:

ﬂ. ol |\.\h t df

—"T—(—-L— = 0.998.
Ioh(r) de

With 2(¢) normalized to unity (j5h(r) dr =1), the
Laplace transformation lcads to:

H(p)= ={(1 +7p)(1 +2&7,p

+7ip?)(1 +26,mp + rgpz)}ml,

with:

fo=r/(L+ 4k g =1 /7,

n=r/(L+k) g =rm
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Fig. 6. (a) The third order integrator circuit. (b) The second
order inverter filter.

This function H(p) can bc simply implemented with
only two active circuits. The first onc (fig. 6a) is a third
order intcgrator circuit, made of a first order RC
structurc combincd with a Sallen-Key sccond order
structurc. Its transfer function is given by:

TI(p)= GI{RIRZRAClC2C3p3
+[R:Co[R(Cy +Cy) + RiC)
+R,R,C,\[C5 + C4(1 - G))]] p?
+[R(C, + C5) + (R, +R;)C,
-1
+(R, +R3)C(1-G)]p+1} .
The sccond onc (fig. 6b) is a sccond order inverted
filter with a transfer function given by:
R\R,R;R,C\C,
K

Ty(p) = _Gc{ :

1
+F[(RI + R>)R;R,C,

+(R.+R,)RR,C,

-1
+R,R,R,C,]p + 1} ,
with:
Gu = RS/RJ*
K.=(R, +R;+R))R:+R(R,+R;) +R,R,G,,
Gc = R3R4GEI/KU’

where G, is the dircct gain of the circuit and G, is the
loop gain of the amplifier which opcrates in the high
frequency domain where the impedance of C, is low.
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Fig. 7. The test sctup.

Fig. 8. Photomultiplier output pulse: (a) directly from the anode, (b) after 140 m of coaxial cable. (c) after the filter, (d) after the
amplificr, (¢) after the lincar gate. and (f) after the stretcher.



The overall transfer function is T(p) = T\(p)Ts(p) =
G,G.H(p).

With G, and G, cqual to 5, which is an appropriate
valuc for the ADS539 amplificr used in both circuits,
and with G, cqual to 1, the rcsulting ovcrall gain is
—5. For given valucs of the capacitors, the values of
the resistors R, R, and R; arc then determined using
a numcrical mcthod.

5. Design checks and performances

The cxpcrimental setup implecmented for test pur-
poses is schematically represented in fig. 7. It includes:

- a variablc attcnuator in order to mcasure the
lincarity of the whole system;

- a discriminator systcm which selccts a small en-
crgy band of an clectron source (*'Sr) in order to
simulatc a crudc trigger logic.

The pulse shape at different stages of the analog
part of thc setup is shown in fig. 8. The cffects duc to
the 140 m long cablc are clcarly visible, namely an
attcnuation by a factor of 2 in thc pulse height and a
widcning of the signal shape (figs. 8a and 8b). The
filter (with k = 2) gives a time compression factor and
an attenuation factor both equal to 2, in good agree-
ment with theorctical expectations (fig. 8c). The output
signal of the filter is amplified by a factor 5 (fig. 8d).
Fig. 8¢ shows the pulse shape at the lincar gate output
with no visible deformation introduced by this stage
(cf. fig. 8d). Finally the signal at the output of the
stretcher is given in fig. 8f.

A propagation delay of 1.5 ns has been measured
for the linear gate stage whilst the overall delay be-
twcen leading edges of input and output signals is
<qual to 25 ns. From the characteristic recovery time of
the RTZ pulse, i.c. 2.5 s, it follows that the circuit can
operate at a maximum CP rate of ~ 0.2 MHz which is
scveral orders of magnitude above actual trigger rates.
The width of the CP pulse can be set between 10 and
50 ns. With a 20 ns width for this pulse we have been
able to achieve a double pulse resolution of 15 ns. For
lower values of this width and lower values of signal
pulse duration better performances can be achieved.
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Fig. 9. The linearity curve. ADC channel content vs attenua-

tion of the analog pulse.

The low values of opening and closing times of the
internal CP result in a widening of this signal by less
than 0.7 ns. This allows a good rejection of an out of
time input signal.

The linearity curve is displayed in fig. 9. For the
type of signal used in experiment NA38, the whole
system is perfectly linear for pulse heights less than 1.5
V (attenuation factor 1 of the variable attenuator in
fig. 7). This upper limit corresponds to ~ 0.5 V at the
ADC input, well below the maximum amplitude that
can be used with the module LRS 2249 A.
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