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Summary

In the ALMA sampler the input data, ssmpled at 4 Gg/s, is transmitted to the fiber optic formatter in
a padlel demultiplexed data stream composed of 16 x 250 MHz samples. Severa different
approaches have been proposed for the demultiplexer, as no commercial units are available at this
frequency. We propose a scheme based on a custom digital GaAs chip. The chip architecture, the
global demultiplexer architecture and results from simulations are presented.

I ntroduction

In the ALMA antenna backend electronics, signals from the receivers are converted to eight IF channels, each one
covering 2 GHz of bandwidth in the 2-4 GHz range. Each IF signal is subsequently sampled at 4 GS/s, 3 bhit, and sent
to the correlator on a fiber link. The 8 IF channels are organized as 4 |IF pairs, usually representing the two
polarizations of the same RF band.

Each pair is processed by a sampler. The sampler subsystem accepts two signals in the band 2-4 GHz, and delivers a
signal on three optic fibers, at 10 GS/s. The sampled signal is time-demultiplexer at 250 MS/s before being formatted
for fiber transmission.

At the moment, there is not a clear proposal for the demultiplexer. Several schemes have been proposed, involving
commercial deserializers for SONET standard[12], delay lines, or commercia discrete chipg9]. In either case, the
demultiplexer must be synchronous with the sampler clock[13]. In particular, commercial chips for deseriaizing
optical data present the problem that the demultiplexer clock is generated internally or derived from the data, and
cannot be easily syncronized to an external reference. In this report we propose a scheme based on a custom GaAs
demultiplexer chip, designed to overcome this problem.

This approach presents several advantages in term of power consumption and system integration, and eases the
problems of synchronizing the demultiplexer clock.

Global design

The sampler subsystem is composed of two sampler units and a fiber formatter. Each sampler unit accepts a signal at
approximately 0 dBm, and must provide to the formatter 48 bits of data at 250 MHz, synchronous with the 125 MHz
global clock. The sampler accepts a sampling clock, nominally sinusoidal at 0 dBm, with a frequency of 4 GHz and a
variable phase, and a demultiplexer clock, obtained dividing the 4 GHz clock. The phase of the demux clock may vary
in a limited range (nominaly +/-130 ps), following the 4 GHz clock, and its frequency is 250 MHz (1/16
demultiplexing). Both these clocks have to be generated in a single unit for each antenna, and are common to all
samplers.

Each sampler unit is composed by various subunits, that process the input signal in sequence. The global schematics
for asingle unit is shown in Fig. 1. The signal is sampled by an optional track/hold unit[5], digitized to three bits[4, 6,
7], and then parallelized to 16 signals at 250 MHz. Auxiliary circuits must distribute clock and power suppliesto all the
units, control the threshold levels in the digitizer, monitor the sampled signal statistics and provide some crude test
signal. A single high speed FPGA (e.g. XCV2 family) can integrate all the control functions, and resynchronize the
demux outputs to the system clock.

In our proposal the optional T/H, the sampler chip and the demux are hosted in a multichip module, together with
supply filters, clock power splitter, and termination resistor chips. The multichip substrate must have good electric
properties up to 12 GHz, and provide a good thermal path for the high speed chips. Each chip can be provided either as
a packaged component or as a bonded die. The first is preferable for ease of integration (especially for mass
production), the latter for thermal and el ectric considerations.

The module can be mounted on a conventional PCB, that hosts the supply regulators, threshold control circuits and the
FPGA for control and monitor. Since the subunits composing the sampler are closely related, their interrelations are
important and must be carefully considered in the system design. A proposal for the complete sampler system design
will be the subject of aforthcoming report.
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Fig. 1: Block diagram of a sampler unit
Deserializer chip

Each bit from the sampler is independently deserialized by a single chip unit. The relative synchronization of the three
bits is guaranteed by the common clock signals, and by the reduced dimensions of the multichip module. The block
schematic of the chip is shown in fig. 2. It is composed by two sets of 16 identical D master-dave flip-flops, organized
as a 4 GHz shift register ad a 250 MHz parallel latch. The circuit operates internally with custom logic levels, the input
and output signals being converted by appropriate buffers. This gives full freedom on the logic levels to use. In
particular, the sampler output levels are still to be decided, either asLVDSor LVPECL.

4 GHz Shiftregister

1n put tuffers |
) [ !
Diata in |} 0Q oOQ : DQ
[LYDOE) :
—CcK 1Ck ' CK
1
|
4 GHz i
(0 dBm sine) '
|
1
DQ[ ] | D Q[ D Q[
250 MHz |
lateh —|CK ! —CK CK
1
|
250 MHz 4“) :
(LYDOS) !
I
|
Vi Chut put i 7
buffers
Eit O ountput EBit 14 output Bit 15 output
[LYDE) [LYDO3E) [LYD3E)

Fig. 2: Functional diagram of the deserializer chip



The 4 GHz clock is given as a 0 dBm sinusoidal tone, to avoid problems due to harmonic distortion. A passive splitter
provides this signal for al subunits in the multichip module. Relative phasing must be determined to ensure proper
setup and hold times between units. The 250 MHz clock can be provided in parallel as a LVDS signal, terminated
externally after the last demultiplexer chip.

The chip requires 1.2V for the logic core (shift register, latch), and 2.5V for the input/output buffers.

Technology

The process used to implement the demux is the EDO2AH process from OMMIC. The main characteristic of the
process are summarized in the following table

EDO2AH Main Char acteristics

Interconnect. Met. layer(s): 2

Poly layer(s): No

Spec. process char.: Pseudomorphic HEMT on GaAs 0.2 mm MMIC technology
Frequencies 30 to 100 GHz

Depletion and enhancement transistors

Ft=63 GHz and NF=0.9 dB a 12 GHz

Diodes, resistors, capacitors, selfs, air bridges, viaholes
Transistor grid parallel with x axis.

Fixed die sizes: Diesizes arefixed and have the following:
1500 mic x 1000 mic
1500 mic x 2000 mic
3000 mic x 1000 mic
3000 mic x 2000 mic.

Available1/O: Yes

Temp. range: Max recommended: 150° C.

The process is accessible through Circuit Multi Project (CMP) which is available also for small scale production
(thousand of units)

Future development using CM OS technology, not available now, has been taken into account and will follow in ayear.

Circuit Topology :

The demultiplexer has been implemented with a Master Slave D Flip Flop with a 4 GHz clock. Each flip flop make use
of 8 NOR gates.

Different topology has been evaluated in order to implement the NOR function [10]. In particular Source Coupled FET
Logic (SCFL), Buffered FET Logic (BFL) and Super Buffered FET Logic (SBFL) has been taken into account. The
performance of all these different topologies has been evaluated on the basis of simulations and a comparison of the
results has been done. SCFL, BFL and SBFL NOR gates have al shown good performance in terms of speed and
immunity from noise, but the first two have shown an elevate power consumption. Moreover the NOR gate using the
BFL approach has also alarge surface occupation due to the level shifter (it needs at |east one diode to make the output
of the gate compatible with the input of the following one). SBFL NOR topology has been the only one capable to
match both the low power consumption and small surface occupation specifications, as well as high speed
performance. Moreover the output of the gate does not need to use a buffer or level shifter but isfully compatible with
the input of the gate built in the same technology (Von =Vin and Vo =V,). This translates in a simple layout design,



without the need of a diode such as in SCFL or BFL, and in a significant reduction in power consumption. The only
drawback of thistopology isthe use of both enhancement and depletion devices in the same circuit.

Schematics of SBFL NOR gate is shown in Fig. 3. Vdd is 1.2 V. and the gate uses positive logic with Voy = 0.7V and
VOL: ov.
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Fig.3— SBFL NOR Gate.
Simulation Results;

As highlighted in the previous paragraph many different simulations have been carried out in order to evaluate the
behavior of the whole system, as well as that of the elemental circuits. In particular, until now, both the performance of
a single flip-flop and a of 1:8 complete demultiplexer have been tested. Simulations have been carried out using the
SPICE Time Domain Simulator and the related OMMIC EDO2AH Library.

Simulations have shown that the D Master Slave Flip Flop implemented using SBFL NOR gate has a delay time of
110-120 pS, a setup time of 80 pS and a hold time of —30 pS. These performances alow for a maximum clock
frequency of 5GHz. With a4GHz Clock the Flip Flop has a power consumption of about 7 mW.
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A complete set of simulations for 1:8 demux with a pseudorandom input sequence has been carried out and the results
are shown in Fig. 4. Simulations confirm an optimum behavior of the whole system. At the moment the buffer circuits
for input and output matching with the LVDS Standard as well as the clock generator for 4GHz and 250 MHz clock
were not included in the simulations.

The power consumption of the 1:8 demux is 100 mW. Estimated power consumption for a LV DS buffer is 18 mw, and
thus the total power budget for a 1-bit 1/16 demux is (18* 16)+200mW = 480 mW.

L ayout:

Layout of NOR gate is shown in Fig.5. NOR gate layout has been designed using the Ohmic Contact Sharing
Technique (OEST) to minimize the surface. The elemental cell has the following dimension 100 x 70 nm?
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Fig. 5—NOR Gate Layout

Using the block diagram illustrated in Fig. 6 for the Flip Flop implementation a surface occupation of 250x350 mm for
each flip flop has been estimated.
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Fig. 6 - Flip Flop layout block diagram.

This results in a die area of 2000 x 1400m? for the shiftregister/latch, and 3000 x 2000 nm for the whole 1:16 demux
including clock generator , buffer and level shifter.



Control FPGA
The output FPGA performs several tasks:

Synchronizes the samples form the demultiplexer to a fixed-phase clock, derived internaly from the 125 MHz
system clock.

Performs some statistics (mean, variance) of the sampled data, making them available to the standard interface
(SPI AMBSI2 bus)

Uses these data to adjust the sampler thresholds for symmetry/amplitude

Drivestherelatively long cable to the formatter unit

A single VIRTEX -l FPGA seems adequate to perform these tasks. The SPI interface uses a standard macro developed
by the ALMA team. The statistics analyzer computes x and X for each parallel sample using lookup tables, and
integrate them using ripple counters. On every tick of the 48 ms clock, counts are latched and summed together. These
values, compared to the theoretical ones, can be used to dynamically adjust the sampler threshold values.

Alternate design

At the moment, we are considering, besides the standard architecture of a direct 1:16 demultiplexer, a 1.8
demultiplexer followed by a final 1:2 stage in the FPGA. This option reduces the costs of the custom chips and the
interconnection problems, at the expense of tighter speed requirements for the FPGA.

A 1/8 demultiplexer requires a 500 MHz clock, instead of 250 MHz. A dual data rate structure can be used, together
with a 250 MHz clock, to implement in a simple way the 1:2 demux (Fig. 7). This clock can be generated internally by
the FPGA, using its built-in PLL locked to the system 125 MHz clock. Using this architecture, however, timing
margins become very critical. Some testing is thus required.
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Fig. 7. Two stage demultiplexer: 1:8 GaAs chip followed by a 1:2 demux in the FPGA
Costsand time schedule

Using the layout considerations done previously, it seems reasonable to fit the whole 1-bit demultiplexer in a 2x3 mm
die. Costs for prototyping 10 dice (unbounded) is 7128 Euro (VAT incl). For small scale production, costs are roughly
reduced by 40%, i.e. 430E/chip. The approximate cost for the 3bit demux, including packaging, is around 1500 Euro.
The cost for the multichip module, the PCB and the control FPGA has not been evaluated yet.

If the 1:8 demux architecture is used, a smaller chip (1x1.5 mm) can be used, and the cost (and power consumption) is
halved. Theincreasein FPGA complexity is marginal, and the reduced pin count may cause afurther cost reduction.

The next foundry mn for this process has a submission deadline at September 2002, and expected delivery around
April 2003.
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