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FAST, LOW POWER, ANALOGUE MULTIPLEXER FOR READOUT
OF MULTICHANNEL ELECTRONICS

Jan KAPLON

CERN
CH1211, Geneva 23, Switzerland

ABSTRACT

A dedicated analogue multiplexer chip (AMUMr the readout ofilicon
strip detectors wagdesignedand manufactured ih.2um n-well CMOS AMS
technology.

1. INTRODUCTION

Since in a particle physics experiment a very large number of sensors and readout
electronics is placed in a small volume, low power consumptiorgaea speed is a driving
issue forthe presented design. A huge number of electronic channels placed in \eoksmme|
requires the use ddw power techniquer building afast analogue multiplexeiOur goals
were to design a 32 channel analogue multiplexer with the following parameters:
— power dissipation less than 50mW for 32 channels,
— readout speed 20MHz,
— dynamic range at the input 0 + 1V, power supy
—maximum load capacitance 20pF, typical 10pF.

2. THE ARCHITECTURE OF THE AMUX AND READOUT BUFFER

The schematic of the analogue multiplexer is showRignl. The multiplexechip
contains 32 input channels with sample-and-koiclits. Inaddition to the 32 input channels,
one extra channel is used to cancel the offset andctimss-talk from the digitgbart. The
output of this channel is used as a reference for the differential output. Each channel consists of
an input switch, a storage capacitor and an input bdéfsigned as source follower based on
an NMOS transistor biasedith 20uA. Because of the n-well technologyused, the gain of
this stage is abowd.8. The multiplexing function isnplemented as a simpkrray of 32
NMOS switches controlled by a shift registmsnnected by analogumus line to theoutput
buffer. The parasitic capacitance of this line is about 4pF feh&2nels (including drain-bulk
capacitance of the switches) and therefore it is hecessadafiithe current in the readout
channel. We can obtain this irsimple way by adding pull-up NMOS transistofworking as
a resistorconnected to th¥SS. Thevalue of this resistor together with the switch resistance
limits the output current andpeed an@lso hadnfluence on the linearity of the multiplexer.
Assuming that transistorssMnd M work in their linear region and Mvorks in saturation we
cansimply calculate the resistance of the switches and the readwoent using théollowing
formulae:
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Fig. 1. Schematic diagram of the multiplexer.

Because the resistance of i about 4.1R and the switch resistanceailsout 10Q the small
nonlinearity which comes from the sMwitch (its resistance is a function of Uout) can be
neglected. Theurrentflowing in thereadout channel is in the range3®0 + 60QUA for the
input voltage swing G- 1V. It provides aslew rate not less than 75M$ for line parasitic
capacitance of 4 pF. To obtain the assumed speed of the MUX of 20 MHaéximaum load
capacitance 20 pF an additional output buffer is required.

The schematic diagram of tbatput buffer isshown inFig. 2. The configurationsed
in the circuit is based on theell known push-pull circuit. The push-puCMOS inverting
amplifier built with My and M transistors iscontrolled by twoerror amplifiers. The error
amplifiers biased with 3QA\ set the DC operating point and applggative feedback to the
gate of the common-source; nd M, transistors. Fothe transistor sizegiven inFig. 2 and



nominal powessupply+2 V, the currentlowing through theransistors M and M is about 5
mA. This provides an A class buffer which gives high linearity and low output resistance.
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Fig. 2. Schematic diagram of the output buffer.
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Fig. 3. Simplified equivalent model of Fig. 2.

The simplified equivalerthodel ofthe output buffer isshown inFig. 3. Assumingthat
the transconductancegmi of thetransistors used ithe error amplifiers aréghe same and the
transconductancegno ofthe outputdevicesarethe same, we cdind the expressionfer the
gain and the output resistance. Using nodal analysis we can write:
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Solving for Uout/Uinp yields the gain of the buffer:
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where A = g,;/2L8, is the gain of the error amplifier ar, = ¢,/ 9, IS the gain of the

output push-pull stage iopen loop configuration. The small sigmaltput resistance of the
buffer can be calculated from equation (5):
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Substituting equation (3) and (4) and solving equation (5) for Uout/lout gives:
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The output resistance of the buffer is the output resistartbhe plush-pull stagdivided by the
open loop gain of therror amplifier andhe output stage. Fothe givervalues the output
resistance is aboufll

The presntedoutput buffer is a typicadecond-ordecircuit. Thecompensation of the
buffer isdone by adding th€1, C2Miller capacitors. The 5 mA currefiowing through M1,
M2 provides not only the lowutput resistance but alfte high bandwidth which sur basic
goal. The unity-gain bandwidth can be shown to be approximately

GB D% (7)
Cl +C2

With regard to compensation, the goals toachieve a phase margin equal6@® for the
nominal 10pFload capacitancéssumingthatthe RHP zero is placed ten times higher than
GB the second pole must be plac@ times higherthan GB. Thefollowing relationship
applies:
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Combining equationg§8b) and (9)gives the requiremerfor the MillerC1, C2capacitors:
C, + C,[0.22[Cload. In our casehe transconductangeni andgmoare 93RS and 12mS

respectively. This allows a 6@hase margin for C1 = C2 = 1pF for 10pF load capacitance.
3. LAYouT

The 32 channels of the multiplexer were placediFum pitch. These channedse separated
by the diffusion guardrings to cancel cross-takween the neighbourfhe presentedesign
is a typicalmixed analoguend digital circuit. A digital circuit is placediose to the analog
circuit. To avoid cross-talkbetween the analoguand digitalparts the power supply is
separated. To decrease the coupling from the dgatathrough thesubstratethe clock lines
are placessymmetrically (clock and clodiar) over the POLY 1 layeconnected externally to
the ground.



4. RESULTS

The -3dB bandwidth of the buffer is equallthtb MHz andhe settling timdor a 1V step at
the input is 25ns ashown inFig. 4 and Fig. 5 respectively. A voltage gainQof5 is
measured. and the power dissipated by the multipleawoist 23mW. The output response of
the multiplexer is presented in Fig. 5. Tiygper traceshows theoutputwaveform measured
for a readoutlock of 20MHz. Thesettling timefor 1V step athe input isabout 30nsvhich
showsthat wehave a goodafety margin with respect 8MHz operation. Thehannel offset
spread together with cross-talk from neighbour channel is less than 5mV as shown in Fig. 6.

5. CONCLUSION

An analogue multiplexer fahe serial readout of multichannel framd system for
particle detector haseen presentedhe desigrihasbeen optimised tset a settlingime less
than 30ns with theaominal power consumptiof.or the nominal capacitive loa@9MHz
readout speed and 23mW power dissipatios obtained. ThAMUX chip has alreadyeen
used in the test ddilicon particle sensors and in theure will be implemented in a more
sophisticated read-out chip consisting of charge preamplifier, shaper and amatgoey
cell.
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Fig. 4. Gain bandwidth of the output buffer.
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Fig. 5. Performance of the multiplexer with 1 V step at the input of one channel and 20 MHz
read-out clock.
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Fig. 6. Offset variation between AMUX channels - 1V input in channel nr 5.



