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ABSTRACT

The main difficulty for the readoutelectronicsof the
ATLAS LARG calorimeteris to handle the 16 bit
dynamic range without spoiling the signal to noise
ratio. A possibleway out is to split the input signal
in four « ranges »with different gains and to select
the most appropriate. Then, each subrange only
requires 10 bits, a much more manageable number.

A four gain shaper circuit has been successfully
developed at LAL Orsay and we report in the

following about the associated« gain selector »
circuit. It is a synchronousdesignrunning with the

40MHz LHC clock and using a fully differential

architecture to minimise pick-ufpom digital activity.

The AMS 1.2micron bipolar technologyusedshould
provide enough radiation hardness (20CiBgexpected
over 10 LHC years).

After a descriptionof the content of the four gain

selector circuit, some preliminary results from the first
prototype will be presented.

1- INTRODUCTION

The following figure shows thgeneralblock diagram
of the four gains shaper solution.
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Fig. 1 : Overall view of the four gain system.

The chip includesan analogand a digital part. The
analog section contains four track amald (T&H) and
a multiplexer. The digital part contains three
comparatorsandsomelogic to drive the multiplexer
and ensure the proper gain selectiorl$b containsa
monostablein order to deal with some possible
saturation problems coming from t&R(RCY shaper
[1]. A two bit digital output indicatesthe selected
gain.
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Fig. 2 : General block diagram.

2- SPECIFICATIONS

« Samplingperiod: 25ns. The multiplexing may be
done during one clock period. The selected and sampled
signal appears on the output aft@5ns.

* precision : at least 0.1%

« unity gain for an analog channel.

« Since there will be 200 000 channels, mast keep
power consumption as low as possible. This criteria is
the most important one after speed and dynamic range.

To minimise the noise of the following stages,the
first stageof the CR(RCY shaperis an amplifier



which then can saturate. This is followed by
differentiation and integration stages. Differentiation of
saturatedpulse gives a pulse (Fig 3) which is
unusable.
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Fig. 3 : Effects of saturation.

To dealwith this behaviour,switching from high to
low gain occurs immediatelyhile one must wait for
400ns to switch back to high gains.

Analog outputs are loadedby some capacitorsfrom
bondingpads,printed-circuit board and oscilloscope's
probe. This leads to 30pF load capacitaacecall for
a buffer.

3- ANALOG SOLUTIONS
3.1- General choices

* We needa very good noise immunity so, we use
synchronoudogic cells. In addition, the structureof
the track and holds is fully differential.

 The design use bipolar transistors for bet#eliation
hardness than currently used CMOS processes.

« A common mode talifferential modeadapterhasto
be addedon the inputs becausehe four gain shaper
providescommon mode signals and the selectorhas
differential inputs. Signal may be provided to one
input while providing DC voltage to the other. @e

chip, the two inputs are available so one can use either

the first or the second method.

3.2- The sample and hold

The basic cell of the analog partasampleand hold.

It must workwith a 25nsclock period. It is designed
to work with a 50% duty-cycle but it maye modified

to deal with other clock requirements. \Wavea 12ns
sample time and 12ns hold time.

Severaldesignshavebeenstudied[2][3][4][5] and the
principle described if4] has been chosen.i# a fully
differential design with capacitorsenclosedbetween
two followers.

The mainreasonfor the useof a differential structure
is the good noise immunity. To stay within the
constraintamposedby the AMS technologyon the
power supply voltages,our current designfeaturesa
2.2V dynamic range.

3.2.1- Power supplies and current sources

The sampleand hold hasdifferential inputs while the
shaper has single ended output. ¥danectthe shaper
directly to oneinput. The otheroneis connectedo a
biasing source. As explained in the specification
section, low power consumption is needed. The
original schemati¢4] was thuscritically reviewedand
modified. The currentin the input pair has been
reduced and the output stage modified.

3.2.2- Simulation results

To studythe acquisitionspeed,a full dynamic range
step is applied to the circuiAt=1ns).
Rise time At is given for a 0 to 99.9% transition
according to the expected precision.

We look at signals at some interesting points and
compute gain (A) and rising timat).

« Differential amplifier (without load) : A=0.983
At=3.5ns

« Signal on hold capacitor : A=0.9&t=11ns

e Output signal : A=0.974t=11.5ns (Fig 4&5)

For staticanddynamicinput, time betweenthe clock
edge (that starts the hold mode) ahe time whenthe
output is valid (with 0.1%precision)is alwaysbelow
4ns.

Track-to-hold step (Fig 6) is a linefunction of input
voltage with a ratio of 1.2mV/V.
The hold mode gain is 0.977.



Fig. 4 : Small signal transient response
(20mV input step in tracking mode)

Fig. 5 : Large signal transient response
(2V input step tracking mode)

Large signal settling time (Fig. 5) is dominatedby a
slew-rate effect which is directly linked tbe value of
the hold capacitor antthe biasing currentof the input
differential pair.

Reducing power dissipation implies increasingfille

scale settling time. In this design, it is below 12.5ns.

Temperature sensitivity

A 10°C temperature variation gives) commonmode
output voltage shift of +50mV. Common mode
voltage is about800mV at 25°C. This stability is
important for cascading two S&H.

Fig. 5 : Track to hold step

3.3- The track and hold (T&H)

Two cascaded sampénd hold are neededo achievea
50ns hold time. Their correspondingclock signals
have to be correctly defined. The second S&Hist be
in hold mode before the beginning of tracktbe first
one. The secondS&H will seea step (hold to track
transition of the first one)on its input nearits own
track to holdtransition. Consequencesf this stepon
the hold signal quality have bestudiedshowingthat
hold to track transitioron the first S&H must occurs
at least 0.5ns after hold time on the second.

To insure the right clock phasefor each S&H, an
inverter was added. It provides theeviously described
delay needed between the two S&H. For meposes,
this inverter allows the setting of the first S&H in

sample mode.

The two cascadedS&H solution seemsto be very
good. It is suitabldor our designandit hasa 80mwW
power consumption (4x2 S&H plus the clock
inverter).

The whole systenis ableto work at 40MHz. It may
be the basis of a two stage pipelifidis would gives
50ns for the switching system and allousto reduce
the power consumption.

3.4- The analog multiplexer

It's a differential amplifier with an openloop gain of
200 usedas a voltagefollower with multiple inputs.
An unity gain is achievedwith a resistive feedback.
Since it works in common-mode we needtwo of
them to get a differential multiplexer. Simulations
show a static power consumptionof 30mW for the
differential version.



For test purposeswe add a single endedbuffer. Its
input is differential and comesfrom the multiplexer.
Its static power consumption is about 30n§Without
load). It isableto drive a 50Q//30pF impedanceput
only under positive voltages.

3.5- Layout considerations

Good relative precision on resistors used in the
differential amplifier of the sample-and-hcdaidin the
multiplexer is required. In this way, we use 5um
width resistors and symmetrical drawing with
components as close as possible.

Current sourceswere slightly modified after layout
extraction to take into account parasitic capacitors.
Track-and-holdareisolatedfrom eachother and from
other parts (digital ones) of the circuit by double
guard-rings

4- LOGIC
4.1- Principle

The purposeof the logic sectionis to ensurethe
automaticgain switching. The multiplexer got four
selectioninputs. The logic hasto chooseone gain
among four and thus needsthree comparators.Gain
choiceis codedwith two bits (Fig. 7). This is a

combinatorial circuit which use some simple gates.
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Fig. 7 : Basic logic system location

It is possibleto have a very simple logic system
becausdhereis only four possibleinput states.For
example, gain 12omparator'output high meanthat

gain 50 comparator's output is also at the high level.

Comparators are only high gain amplifiers so, they are

asynchronousdevices. Consequently,they are not
suitablefor this design.Synchronoudogic is needed
for the following reasons :

¢ Gain switching shouldnot to take placeat random
time. With synchronous logic, changes atlewedon
clock edges only.

« Digital noise must be reduced.On logic circuits,

noise is generated during switching. With synchronous

logic, thereis a strong correlationbetweennoise and
clock signal. This makeseasierthe signal to noise
ratio improvement with some filtering methods.

Synchronisation is doneith edgetriggeredD latches
addedon eachcomparator'soutput. Since inputs are
synchronised, the outputs tife logic systembecome
synchronised too.

4.2- Shaper's saturation problems

The ATLAS calorimeteruse a CR(RCY shaper.In

this kind of shaper,amplification takes place before
integratingstages.So, whenthe amplifier come into

saturation,its output becomesunusablefor all the

integrating period.

When a switch from high to low gain occurs, tiigh

gain comesinto saturationand its output becomes
unusable.Since it stays like that for 400ns (the

integratingperiod), switching backfrom low gain to

high gainis forbidden.The gain selectionmust take
these effects into account.

Enabling gain switching from high to low gaat any
time was chosenbut switching back to high gain
could only occurs after 400ns. Thiglay canbe made
with a monostable.

In this design, switching from low to high gain
implies always going back to the higher one (50).
There is another solution which uses three
monostables and allows switching frarow gain to
the nearest higher one (e.g. : switching from gabo
gain 12 insteadof gain 50). For simplicity, the first
solution was chosen.lts structure is describedon
figure 8.

RS flip-flops allow high to low gain switchingt any
time. Since Resahput isn't activated,returnto high
gain is disabled. With this design, a flip-flap set by
the output ofa comparatorandresetat the end of the
monostable period.

To dealwith pile up, the monostablds startedon a
falling edge,i. e. only when the high gain comes
outsideits saturatedegion. It meansthat if thereis
somepile-up, the monostablds startedat the end of
the last pulse.



Comparators D latches RS flip-flop
Gain 3 — [
R | E—
1 L
— s Decoding
Gain 12 i
R logic
c»—T
——
. S
Gain 50 =
| R

L *—
Monostable Dlatch [— %
Adjust J Clock

Falling edge
extractor

Fig. 8 : Block diagram of a solution to shaper’s
saturation effects.

The monostables followed by an edgetriggered D-
latch in order tasynchronisdts output. Thenthereis
a "falling edge extractor'This deviceis neededo get
the whole system working becauseRS flip-flops
couldn’t be resetvhenthe monostableoutputis low.
In this case, reset would be actifee everbecausdhe
systemmust useflip-flops that are resetevenif set

and reset inputs are high. Since all flip-flop are reset at

the same time, only switching back to thigher gain
is allowed.

4.3- Logic section design

The block diagramis now well defined, and choice
betweenCMOS andECL gateshasto be made.For
this circuit, power consumption, noise and rad-
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Fig. 9 : Timing diagram of our solution to shaper’s
saturation effects.

The analogmultiplexeris drivenby ECL levels. So,
decodinglogic must be done with ECL gates.Since
ECL levels areébetween-0.85 and-1.75V, it is easier
to use cells with 0 and -3V power supplies (it helps
reduce power consumption).There is no problems
with simple gatesas OR or NOR but it is quite
difficult to make D latches witlthesepower supplies.
For theseones,we must work between-3 and +5V
and levels become PECL levels.

So, therearetwo partsin the logic section: oneis
using ECL andthe otheris using PECL andthereis
an interface to connect them.

Chip testability was also considered durthg design.

problem in the future but at thtsme, the architecture

has to be validated with the best configuration.

In ECL, static power consumption is linked to
dynamic performancesVery fast logic designisn’t
really neededand low power cells can be used.
According to simulations, the first conclusionwas
that CMOS would be 20% bettdran ECL. This last
onewas chosento insurethe bestresultswith regard
to pickup noise.

In march 1996, two chips were sent out to AMS

foundry: one containing thehole projectandanother
onewith some parts for test purposes.On this last
one, some CMOS logic (a 40MHz ring oscillator
which may be switched on or off) was added. il

show if noise introduced by CMOS logi really too

high for the four gain selector circuit.

and any gain of the four can be forced.

5- PRELIMINARY RESULTS

5 circuits werereceivedjust before the workshop. A
special test board containing a four gain shapertfaad
fast selector chip has been prepared.

However,not enoughattention has beenpaid to the
layout of this board and problems lodid shieldingand
decouplingwere found. Not all of them have been
solved at the present time and this prevents
significative measurement of noise and linearity.

Currently, all circuits weretestedandall of them are
working (Fig. 10).



Fig. 10 : Some interesting signals as they are on the

test board.

1 : Analog differential output
2 : System clock

A : Gain bit 0

B : Gain bit 1

Figure 10 showsthat signal is properly sampledat
full frequency. Gain switching occurs when it is
necessary. We can see it both on analadjon digital
outputs. The monostable wgorking too and correctly
prevents switching back to high gain before ¢ne of
the pulse.

The static power dissipation is below 300mW
(between 240 and 285mW).

Some other measurements waradein orderto have

an idea of speed of analog and digital parts (Fig. 11).

In track mode, there is an analog detdy3ns between
input andoutput of the circuit (signals are measured
directly on output pins with high impedanceandlow
capacitance probes).

For the digital part, gain may changesince signal is
over threshold but only after a clock rising edge
(comparatorsare synchronisedby D-latches). So,
logic’s delayis given by the time betweenthis edge
anda changeon any digital output. In our case,we
have a delay of 5ns.

If we look at the output signals, this give us a 2ns
delay between the decision timdnich occursbetween
two hold steps and the real gain switching.

Clearly, the logic is very fast and could be slowed
down. This would reducethe power consumptionof

this part. An objective near 150mW is within reach.

Fig. 11 : A closer look on signals to evaluate speed.

This representghe analogoutput with two inputs.
The two different holdevels andthe stateof a digital
output (shown on channel2) show that gain have
changed.
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