ALMA memo #383

A simple technique for disciplining independent demultiplexers

Marc Torres and Olivier Gentaz

IRAM (Grenoble) , France

2001 - 07 - 26

1. Abstract

In everyantenna of the ALMA array, the digitizers will deliver 3 - bit (or more) samples at the r ate of 4

Gigasamples per second. Data is not practical to handle at this speed and needs to be converted to a lower frequencybymeans of serial - to - parallel conversion. To solve this problem the telecomm industryhas developed fast "mux/demux" chips, which unfortunatelyare single - bit devices. If we use 3 (or more) of them, a synchronization problem arises. The right wayof solving this problem would be to design a chip including

3 (or more) demultiplexers on the same die. Should this approach be found not economical for ALMA, this paper describes a method for synchronizing several single - bit commercial demultiplexers.

A prototype circuit including two single - bit devices and synchronization circuitryhas been built and successfullytested. The measured tim ings for acquisition and recoveryare presented.

2. The synchronization problem

Manymanufacturers (Giga, Vitesse, Maxim,Multilink...) now offer IC solutions to the problem of de - serializing the 10Gigabit/sec output flow of a digital optic fiber link. They are intended for the 0C - 192 standard which stipulates a 9.952 GHz clock and a 622 MB/s data output. Theydiffer bysome features but theyall have the same basic structure:

D15

D14

D13

D12

D11

D10

D09

D08

D07

D06

D05

D04

D03

D02

D01

D00

/16

Latch

Enable

F clock/16

Data In

Clock in

Clock out

Fig.1 : Generic functional diagram of a commercial demultiplexer

The clock output is generated bydivision of the fast clock and consequentlycan have 16 different phases.

The phase of the divider is established almost randomlyat power - up and in principle it keeps its value indefinitely, provided that the electrical signals are of sufficient quality. For the telecomm people this means that the 16 - bit data blocks can have 16 different forms. The state of interest (among the possible 16) is determined bya protocol which sends a sync sequence, and activates a barrel shifter to rest ore the correct situation. Some lower frequencydevices (e.g. the MAX3680) incorporate a pulse swallower that also has the effect of barrel - shifting the data.

For Radio Astronomywe cannot re - use this hardware "as it is", because the sampler delivers 3 (or more) bits with relative significance, which is not the case of the telecomms where the traffic on different OF’s are independent. It would also be difficult to find a suitable place to inject a sync sequence, since there is no low - speed stage before th e sampler.

3. The "state locked loop"

When several demultiplexers are used, their clock outputs need to be forced on the same phase. So will be their data. One can be used as a master and the others just need to be aligned on it. A convenient wayto measur e the phase difference between two digital outputs is to make use of an XOR gate, followed byan analog integrator. This delivers a DC voltage which is 16 - step staircase, where the state of interest (in - phase) has a single determination, corresponding to t he maximum voltage. A single comparator can thus determine whether the two outputs are on the same phase or not. If not, an elementarycontrol logic would request to turn the clock off and on for a random number of cycles until the state of interest is acq uired. If for anyelectrical reason the state happens to change, the loop would detect it and go for a new acquisition.

1:16

Demux

Data IN

Clock in

Data out

Ck /16 out

Analog

Integrator

Analog

Comparator

X-Or gate

GaAs switch

Control

Logic

Reference

Voltage

Ref.

0

1

2

3

Lock

Alarm

Reference

Ck/16 in

D in

Ck in

State-locked loop

15

14

13

Fig 2. Block diagram of the loop

This circuitryis equivalent to the well known "search oscillator" used in phased locked loops. It differs in the sense that the number of trials necessaryto acquire the correct phase is random. Each trial has a 1/16 probabilityof success. The repetition of trials is a binomial process with a converging - to - 1 probabilityof success, for example 99% is reached after 71 shots. In our case the loop needs to be activated once at power - up and in case of accidental loss of lock. A lock - in time of one second would be fullyacceptable. In fact the values that applymake this time much shorter. For multibit o peration one demultiplexer is free running and is used as the master for disciplining the others.

Disciplined demux 2

Disciplined demux 1

State-locked loop

Data out

Ck/16 out

Ck/16 in

Ck in

Data in

Ck in

4 GHz

System clock

3-bit Sampler

D0

D1

D2

D0 [0...15]

D1 [0...15]

D2 [0...15]

Demultiplexed

3-bit data @ 250 MHz

Free-running demux

Fig 3. Cascading of loops for multibit operation

4. Lab tests

4.1 Hardware description

Two loops operating at 4 GHz have been built and set together. T he demux chip is a NEL4616, the GaAs switch is a MGS71008 and the X - Or is an Eclips EL51 operated at 500 MHz. The quasi - analog phase comparator has been tested byapplying a few Hz frequencydifference between Ref. input and Clock/8, and its output is show n in Fig.4.left. The qualityof the sawtooth depends on the shape of the digital signals, which in turn depends on the qualityof the implementation. At the board design stage, it is good to apply microwave rules, even if the signals are seeminglydigital.

Fig 4. Outputs of the phase comparator Left:static Right:during acquisition

4.2 Lock - in tests

With the same scale, Fig.4 right shows the convergence of a stimulated acquisition sequence. The

time constants of the control l ogic have not been optimized for the fastest possible lock - in, but for

safe and stable operation. One can see that a time of 160 microseconds per trial has been practiced.

The output of the phase comparator can have 5 different values, and the decision lev el is shown by

an horizontal bar. The central level figures orthogonality, which can be obtained either byquadrature

(leading or lagging), or bythe clock being stopped. Each trial starts bystopping the clock for a 80 -

microsecond period. After a few uns uccessful trials, a "good state" condition is detected and the

search oscillator is stopped.

We have stimulated repeated acquisition sequences while recording the time needed to get lock.

Fig.5 shows the superimposed results of 100 acquisitions. None need ed more than 5 milliseconds,

which is consistent with probablilitytheory.

Fig.5: Random time required to get lock, for 100 successive acquisitions.

5. Discussion

The loop described above can be seen as a phase - locked loop, where the phase to be followed only

has discrete values. It maylock on a false state if the phase comparator output was inaccurate or noisy.

In the final application, (with a 1:16 demux), it will have 9 steps (instead of 5 here), but its precision

will increase due to a lo wer operating frequency(250 MHz).

The prototype used here is quite bulky, but with more recent chips, like the Max3950, a design

including 4 bits occupying less than 4 square inches of PCB real estate is not unrealistic with current

technology. It would have the same functionalities as an especiallydesigned multibit demux IC, but it

would be cheaper bya couple of orders of magnitude.

A specialized IC is byfar the best issue to the multibit demultiplexing problem. As for now, the

telecomm industry, who is market - driven bysingle - bit applications, is not likelyto undergo such a

development. Should it be the case for ALMA, the method described above is a possible alternative.