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Summary

A 16-channel discriminator-gated latch CAMAC module
using MECL II has been designed and built for use in a photo~
tube trigger hodoscope array. The module includes individ~
ual discriminator outputs, arnalog summing outputs, and high
speed digital multiplicity outputs which are processed by an
"analyzer" in order to decide if the particle multiplicity is
suitable for streamer chamber firing, Latch data are trans-
mitted to a PDP-9 for recording and further processing.

1. Introduction

A multiple channel discriminator-~gated latch unit for a
large phototube array has been designed and built to be used
in an K p experiment at SLAC in February, 1972. For con-
venience, and standardization of data readout the CAMAC
packaging and readout standards are used for the 16-channel
module,

The phototube hodoscope is used to decide if the event
is of sufficient interest to fire the primary detector, a large
streamer chamber., This decision is based upon the number
(multiplicity m) of phototube signals that were latched (num-
ber of particle tracks) in the event. In this experiment, if
the number is sufficient (m 2 N, where N is the selected
multiplicity) the chamber is fired, photographs are taken,
and the latch data, along with other information, is read into
the computer (PDP-9). If the event multiplicity is-not
acceptable (m < N), then the latches are reset, and the dis~
criminators are ready to accept the next event for investiga-
tion. The overall delay in making a decision and resetting
the latches is approximately 100 ns, which is satisfactory
for this and other similar low rate experiments. Thus
"slow" discriminators (< 20 MHz) are adequate.

A completely digital approach to the multiplicity require -
ment has been implemented for 0 < N £ 8. The basic addi-
tion logie is built into the latch module and the final decision
is made in a special CAMAC "analyzer" module. All cir-
cuits are designed using MECL II logic. It is felt that this
approach leads to a more accurate, and more stable decision
network, although the production cost is greater than the
more conventional analog summing methods.

For complete versatility, analog outputs are provided in
each module to permit other decision criteria. Individual dis-
criminator outputs, andanm > 1 output are provided on each
latch module as well. LED indicators display the state of
each latch to aid in timing, debugging, and maintenance,

2. Overall System

A block diagram of the hodoscope electronics is shown
in Fig. 1. Most of the phototubes are inexpensive, low gain
units, requiving high speed amplifiers. These amplifiers,
with an adjustable gain of 4 to 90, are discrete circuits sepa~
rately packaged in NIM and will not be discussed here. The
K™ trigger is generated by other scintillation counters and
standard high speed logic, and serves as the master trigger
(strobe) and timing reference for the decision logic system.

The discriminator-coincidence-latch is packaged 16
channels in a triple width CAMAC module and is constructed
entirely of IC's except for discretes in the input and
analog sum circuits. A separate NIM output is provided
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for each channel so that (a) the module may be used as a 16~
channel slow discriminator, or, (b) more complex decision
logic may be performed. In each module the latch outputs
are linearly added in two sets to generate two analog outputs,
one for each 8-channel half.

MECL logic is included which digitally sums the latches
in each module and adds this binary encoded sum to the
accumulated sum from the previous module. Finally, the
sum m emerges as 4 lines in binary code; 1, 2, 4, and over-
flow (the latter signifying 8 or more particles), and is sent
to the arnalyzer. This addition logic is shown in Fig. 2.

The desired multiplicity level N is manually set into the
special CAMAC crate controller (analyzer) which contains
multiplicity ("greater than") logic. The selected multiplicity
output is sampled by the delayed K™ trigger to allow for
settling time and the gated output produces the streamexr
chamber trigger. In addition, urigque outputs for each multi~
plicity level are provided by the analyzer, for use if unique
multiplicities of tracks are desired. The analyzer also con-
tains slow (20 MHz) scalers and the CAMAC readout logic.
The scaler data can be read into the computer along with the
five 16-bit words of latch data and the 4 bits of multiplicity
data (digital sum). The scalers and readout circuits will not
be described in this paper.

3. Discriminator and Gated Latch

The circuitry of the discriminator, gated-latch, and
associated strobe and readout functions are shown in Fig. 3.
The input circuit is terminated in 50 () and is protected
againgt transient damage by the 4 diode network; the two
series diodes in the signal path must be matched for forward
drop. The first MC1020 performs as a simple comparator
and translator to MECL levels while the second MC1020
serves to further "sharpen" the signal threshold. The
threshold is adjusted by a simple voltage divider over the
range -50 mV to -500 mV.

The MC1020 comparator is followed by a differentiator
of the ""delay" type which results in a standardized MECL
pulse of about 8 ns width. Coincidence with the externally
supplied strobe pulse occurs in a MECL 1023 gate, which is
followed by a conventional crosscoupled flip-flop (latch) com~
posed of MC1010's. An LED indicator is driven from the
latch via a MC1039 MECL-TTL translator. Each coinci~
dence output pulse also is translated in an emitter~coupled
pair (MC1025) to a NIM output pulse which can be processed
in conventional NIM logic if desired. For use as an ungated
discriminator (no strobe) the strobe mode switch is put into
the "OFF" position. In either case the input to output delay
of this pulse is about 20 ns, the width is about 8 ns, and the
risetime is about 2 ns,

The strobe gate input (NIM) is translated to MECL level
in the MC1020 comparator with a fixed bias of ~-220 mV, and
further standardized in a‘*second MC1020. For better speed
the gate signal is fanned out in four MC1010 gates each driv-
ing four coincidence gates for a total of 16 channels. The
MC1010 gates also perform the gating function for the "strobe
off" mode, a positive input on the MC1010 fancut permanently
enabling the coincidence gate.

The flip-flop reset input (NIM) is also.converted in a
tandem pair of MC1020's and is OR'ed in a MC1010 with the
CAMAC reset function C+S2. Normally the latches are re-
set by the fast input for rejected events and are reset by the
computer via CAMAC for accepted and processed events.
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An additional CAMAC function is Inhibit which is trans-
lated by a MC1017 to MECL levels, and acts as a third input
to the coincidence gate. This gate is normally used for a
beam gate.

Data readout from the 16 latches is in standard CAMAC
format using the N line for readout control. Latch signals
_are converted to TTL in MC1039 translators and gated in
N7401 open collector gates connected to the Dataway.

The discriminator described here is extremely simple

and inexpensive and is not meant to be comparable with a

. modern tunnel diode discrete circuit discriminator. How-
ever it is quite acceptable for many low rate noncritical
applications. In this particular case the phototube signals
are all large compared to the nominal threshold (-100 mV

" for this experiment) so that slewing and risetime consider- .

" ations are minimized. The nominal gate width to be used in
this experiment is 20 ns. With this gate width the coinci-
dence overlap range is about 30 ns. Note that the discrim-
inator is de coupled; however, since it includes a differenti-
ator, it is slope sensitive — all pulscs must be "fast" to give
a discriminator output. The repetition rate is quite fast;
although only 20 MHz was needed, a channel has been meas~
ured beyond 50 MHz with a 10 ns input pulse. Threshold
sensitivity curves are shown in Fig. 4 for two settings,
-50 mV, and ~100 mV, measured with a fast (= 1 ns) rise-
time pulser. Slewing with a fast 10 ns pulse is about 2 ns
over the range 2X - 10X threshold.

4. Digital Addition Logic

The positive true latch outputs, denoted by b-1 to b-16,
form the inputs to the digital addition logic. As mentioned
previously in Section 2 the basic principle of the multiplicity
is the successive parallel addition of latch signals module-
by-module, finally to be analyzed in a separate module.
Figure § shows the digital addition logic in each module,
based upon the use of MC1019 full adder having a nominal
propagation delay of 7 ns. In order to use the adder the in-.
put must be encoded in binary format. Thus the first step
in the addition process is to encode the latch signals into
two sets of 4 line binary encoded data in the "8 Line Encoder

. Logic," which is described in Section 5. Note that the "8"
bit in either half represents an overflow, hence these sig-
nals go directly to the MC1001 overflow OR gate, thence to.
tie analyzer where an overflow (m > 7) is indicated.

The first rank of MC1019 adders connected as a conven-
tional ripple adder sums the two halves resulting in a 3 bit
sum (0 through 7) and a carry ouiput, representing m > 7.
This carry overflow is OR'ed in the carry OR gate to be
transmitted to the analyzer. After this rank of addition
there is an OR of the adder 1, 2, and 4, and encoder 8 out-
puts. It can be seen that this function indicates a data sum
in the module of m Z 1. The logic signal is converted to
NIM in the emitter-coupled pair (MC1025); the overall
delay of this output is about 50 ns.

The accumulated binary sum from the previous modules
enters via an auxiliary printed circuit connector located
above the CAMAC 86 pin printed circuit connector. This
3 bit sum is added to the 3 bit sum for the current module
in a second rank of MC1019 ripple carry adders. The total,
representing the new accumulated sum, is passed on to the
next module at MECL levels via the same auxiliary con-
nector. Note that the final carry from the second rank of
adders is OR'ed into the overflow OR gate since it indicates
m > 7. The overflow from the previous module is also
OR'ed in the overflow gate to transmit a previous overflow
through to the analyzer. The complement of overflow is
also sent out of the module, but this is used only if the next’
modcuie is the analyzer.

The overall delay from the discriminator input to the dig-
ital multiplicity output of the module is approximately 50 ns.

- 2“._

‘puts.

5. The Eight Line Encoder

Multiplicity, or polling, logic does not readily exist in
integrated circuit form. One direct approach is to use
single bit adders to form sums of pairs of inputs. Then
these intermediate sums are added in a second rank of ad-
ders, etc. until a fully encoded sum results. With this
approach, for 16 input lines, it takes 22 chips (MC1019) to
encode the multiplicity into two sets of binary coded lines
nym, 2, gty @', As shown in Fig. 5 it then takes 3 more
adder chips to combine these into a single set of sum lines
weighted '"1", "2", and "'4", plus an OR gate for the overflow.

A better solution to the encoding problem however, in
terms of chip count, was found by implem¢nting the early
stages of addition directly in logic gates instead of full adders
where the carry function input is not fully utilized. In this
manner a design was developed using 13 gating chips insiead
of the 22 adder chips. It does not pay, however, to imple-
ment with logic gates beyond the level selected, as the func-
tion becomes increasingly complex; note that only 3 more
adder chips are required to add the two sets of "1'", '2",

4", sums, after the initial encoding.

The logic diagram of the eight line encoder is shown in
Fig. 6. Each set of feur input lines is converted to a "1",
"2, 4" gsum as an intermediate stage. This logic is fairly
simple and is based on the addition of two groups of two each.
The "1'" output for example should be given for an input mul-
tiplicity of 1 or 3, hence it is an exclusive OR function. The
2" output should be given for 2 in one group and not 2 in the
other, or 1 in each group. The "4'" output of course is given
only for the case of all four inputs. This logic can be written

‘as follows:

"I"=(A®B) & (CH D)
"2”=(A®B) . (C@D)*‘(A'B)@(C‘D)
4" = ABCD

The diagram shows both sets of these gates for the 8 in-
Note that the OR function for the 2" bit is a wired
emitter-OR of the MECL emitter follower outputs.

The two sets of 1", '"2", "4" lines are added in the re-
maining logic shown in Fig. 6. It should be remembered that
the encoded sum for each half has a maximum sum of 4. The
""1" bit is the exclusive OR pf the two input "1" bits. The
""2" bit is the exclusive OR of the two input "2" bits, but must
be exclusively OR'ed with the case where there are two one
bits. The "4" bit as can be seen is the case of two ""1"s and
a "2" or two "2'"s or a single "4" input. Of course the "8"
output is given only for the case of two "4'" inputs. Basically
what is described here is a special case of conventional full
adder logic.

6. Analog Output Circuits

The negative true latch outputs denoted a-1, to a~16 in
Fig. 3 are used to generate two 8 level analog outputs as
shown in Fig. 7. In this circuit the MC1035 is used as a

feedback amplifier summing the individual currents at the

node point. The gain in this configuration is approximately -
1/8; thus each 800 mV signal at the input represents 100 mV
at the output for a total range of 800 mV. The output is buf-,
fered and shifted back to NIM level by the 2N2905 emitter~
follower which produces an output risetime of about 5 ns into
50 1. The total delay from the discriminator input to the
analog output is about 30 ns.

The adjustment potentiometer is used to set the offset

‘bias and adjust for optimum linearity of the 8 output levels.

7. The Analyzer

Only the multiplicity logic circuits of the analyzer, shown
in Fig. 8,will be described here. Other functions not shown



i include 20 MHz scalers and the necessary decoding and buf-
fering functions common to a CAMAC controller. :

. via the CAMAC auxiliary connector.
i HIH, Il2l!’

The input sum data from all the latch modules enters
The three sum lines
and "4" are immediately gated with overflow so
that only the overflow line is true during the overflow con-

" dition,thus preventing spurious outputs during the overflow

' case.

The 3 lines are then decoded in a MC1043 decoder to
produce a unique output for each multiplicity number.

: These outputs are then strobed or sampled in a MC1004 to
" allow for system settling time, and the output is converted

' to NIM level by the MC1025 emitter-coupled pair.

Note
that the NIM strobe input is translated in a MC1035 Schmitt
trigger. This is similar to the MC1020 shifting method

- described earlier and exists here only for historical reasons.

. propagation delay.

The multiplicity ("'greater than") logic is implemented
using a combination of the uniquely decoded outputs from
the MC1043 and conventional gating. This function could be
implemented in many ways but it is felt that the solution
shown represents a reasonable trade off of chip count and
In only one case the propagation delay
is four gate stages; in all other cases it is 3 or less.

The final multiplicity output level is selected by a ro-

" tary switch, and after strobing is converted to NIM level

again with a MC1025 emitter-coupled pair, Signals from
the majority logic are conveyed through the switch on co~-
axial line to improve the transmission, even though the

~ distance is,quite short (4").

It should be pointed out that the nature of the decision
could be changed by modifying the logic of the analyzer.
For example, one could build an analyzer which produced

an output for N1 < m < Ng where Nj and Ng are upper and

lower bounds and m is the multiplicity level.

“equipment has been built.

8. Packaging

The 16-channel discriminator latch is packaged in a

.triple width NIM module as shown in the photograph (Fig. 9).

All front panel connections use LEMO connectors. The cir-
cuits are packaged on two boards which can be separated for
servicing. Considerable attention has been given to the use
of ground planes, component layout related to signal paths,
decoupling and distribution of power. In fact a second
printed circuit layout was done to improve these character-
istics. The module draws 300 mA at+6V, and 2 A at -6 V.
The reduced voltage for the MECL and TTL circuits is
dropped from the 6 V supplies through several 1 A diodes
spaced over the boards for better decoupling.

Note that the strobe and reset are bridging inputs in
which the coax goes to the high impedance circuit input and
returns to the front panel for minimum disruption of the
50 {) transmission.

The analyzer is packaged in a double width CAMAC
module which is used in the crate control station. However,
since it is one-of-a-kind, wire-wrap construction is used to
minimize cost and development time and to facilitate changes.
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Figure Captions

:FIG. 1--System block diagram.

FIG. 2--Digital decision logic block diagram.
FIG. 3-~Discriminator and latch circuit.
FIG. 4~-Discriminator threshold curves.
FIG. 5--Digital addition logic.

'FIG. 6~-Eight line encoder logic.

‘FIG. 7--Analog summing circuit.

.FIG.V 8--Analyzer multiplicity logic.

F1G. 9--Photograph of the modules.
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