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            1 ALMA Memo No. 410 Designing and Prototyping of 2-4 GHz Bandpass SiGe Digitizers and Associated Test Equipment for the ALMA Project. I Alain Baudry 1 , David Deschans 2,1 , Jean-Baptiste Begueret 2 , Yann Deval 2 , Pascal Fouillat 2 , Guy Montignac 1 , Olivier Gentaz 3 , Marc Torres 3 1 Observatoire de Bordeaux, BP 89 33270, Floirac, France 2 Laboratoire IXL, Université de Bordeaux, 351 cours de la Libération, 33405 Talence, France 3 Université de Grenoble, IRAM, 300 rue de la Piscine, 38406 Saint Martin d'Hères, France February 20, 2002 Keywords: fast digitizers, demultiplexers, digitizer test equipment Abstract In this first paper we describe the approach followed to design and experimentally test the high speed and broad band analog-to-digital converters (ADC's or digitizers) required for the ALMA project. Our prototypes are based on monolithic digitizers implemented in a BiCMOS 0.35 or 0.25 μm SiGe process with 3 or 8 quantization levels and 4 giga samples per second rate for an input signal from 2 to 4 GHz under full Nyquist condition. We have adopted a conventional flash converter architecture to design three different 2-bit digitizers and one 3-bit digitizer. The experimental results obtained with our first 2-bit digitizer ASIC show that sinusoidal input signals are properly sampled for clock rates up to 4.9 GHz. The design details and high dynamic range tests of our ADC's will be reported in forthcoming papers. A specific digitizer test equipment providing the auto-correlation and spectral analysis of the digitized signal has been developed to characterize our designs and provide the necessary feedback to the ASIC design team. It includes a broad band noise generator, a demultiplexing unit following the digitizer under test, a 16-lag auto-correlator, and FFT and display units. This equipment will also play a major role at the pre-production stage and for qualification/acceptance at the production stage. We suggest that the demultiplexing scheme developed for the digitizer test equipment could be used as a basis for multi-bit synchronization of the demultiplexed signal in front of the ALMA fiber optic transmitter system. 1. Introduction The rapid evolution of integrated circuit technologies tends to favour digitization of broad bandwidths early in the processing stages of the radio astronomy signal. This trend, not only increases the sensitivity performances or the amount of processed information, but also facilitates the replication of digital sub-systems in large arrays of radio antennas, thus improving the reliability of complex arrays. Continuous digitization of the incoming signal is performed at critical points of the radio processing chain, the analog-to-digital converters (ADC's or digitizers), from which all signal samples are collected and coded in synchronism throughout the array. Together with other digital circuitry (astronomical delay compensation and signal cross-correlation) they allow the astronomers to achieve the flexibility and high dynamic range required in spectroscopic observations. ADC's and digital cross- correlators are thus key elements to multi-narrow band (spectroscopy) and continuum high precision measurements of the radio source visibilities. This paper is the first of a series of papers describing: (i) our first 2-bit and 3-bit ADC designs and laboratory tests on printed circuit boards, (ii) proposed solutions for fast demultiplexing behind the ADC in front of the fiber optic transmitter system and, (iii) the main characteristics of a test equipment including a noise source and test bench dedicated to high dynamic range tests of our prototype and pre-production samplers. In Section 2, we first comment some performance specifications and briefly describe the system context relevant to the ALMA digitizers. In Section 3, the adopted ADC technology and circuit architecture are described in general terms. In Section 4, we give details on some experimental tests made with our first 2-bit sampler. In Section 5, solutions to the design of the multi-bit demultiplexing module required after the ADC are briefly discussed. Finally, in Section 6, the main features of the digitizer test equipment are presented. (An intermediate progress report was published in [1]. Detailed reports on the designs of our ADC's are given in [10].) 
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 ALMA Memo No. 410
 Designing and Prototyping of 2-4 GHz Bandpass SiGe Digitizers andAssociated Test Equipment for the ALMA Project. I
 Alain Baudry1, David Deschans2,1, Jean-Baptiste Begueret2, Yann Deval2, Pascal Fouillat2, Guy Montignac1,Olivier Gentaz3, Marc Torres3
 1 Observatoire de Bordeaux, BP 89 33270, Floirac, France2 Laboratoire IXL, Université de Bordeaux, 35 1 co ur s d e la Libér atio n , 33 40 5 Talence, F r an ce
 3 Université de Grenoble, IRAM, 300 rue de la Piscine, 38406 Saint Martin d'Hères, France
 February 20, 2002
 K ey wo rd s : f as t dig itizers , dem ultip lexers , d ig itizer tes tequ ip men t
 AbstractIn this first paper we describe the approach followed todesign and experimentally test the high speed and broadband analog-to-digital converters (ADC's or digitizers)required for the ALMA project. Our prototypes are basedon monolithic digitizers implemented in a BiCMOS 0.35or 0.25 µm SiGe process with 3 or 8 quantization levelsand 4 giga samples per second rate for an input signalfrom 2 to 4 GHz under full Nyquist condition. We haveadopted a conventional flash converter architecture todesign three different 2-bit digitizers and one 3-bitdigitizer. The experimental results obtained with our first2-bit digitizer ASIC show that sinusoidal input signals areproperly sampled for clock rates up to 4.9 GHz. Thedesign details and high dynamic range tests of our ADC'swill be reported in forthcoming papers. A specific digitizertest equipment providing the auto-correlation and spectralanalysis of the digitized signal has been developed tocharacterize our designs and provide the necessaryfeedback to the ASIC design team. It includes a broadband noise generator, a demultiplexing unit following thedigitizer under test, a 16-lag auto-correlator, and FFT anddisplay units. This equipment will also play a major role atthe pre-production stage and for qualification/acceptanceat the production stage. We suggest that thedemultiplexing scheme developed for the digitizer testequipment could be used as a basis for multi-bitsynchronization of the demultiplexed signal in front of theALMA fiber optic transmitter system.
 1. IntroductionThe rapid evolution of integrated circuit technologiestends to favour digitization of broad bandwidths early inthe processing stages of the radio astronomy signal. Thistrend, not only increases the sensitivity performances orthe amount of processed information, but also facilitates
 the replication of digital sub-systems in large arrays ofradio antennas, thus improving the reliability of complexarrays. Continuous digitization of the incoming signal isperformed at critical points of the radio processing chain,the analog-to-digital converters (ADC's or digitizers),from which all signal samples are collected and coded insynchronism throughout the array. Together with otherdigital circuitry (astronomical delay compensation andsignal cross-correlation) they allow the astronomers toachieve the flexibility and high dynamic range required inspectroscopic observations. ADC's and digital cross-correlators are thus key elements to multi-narrow band(spectroscopy) and continuum high precisionmeasurements of the radio source visibilities.
 This paper is the first of a series of papers describing: (i)our first 2-bit and 3-bit ADC designs and laboratory testson printed circuit boards, (ii) proposed solutions for fastdemultiplexing behind the ADC in front of the fiber optictransmitter system and, (iii) the main characteristics of atest equipment including a noise source and test benchdedicated to high dynamic range tests of our prototype andpre-production samplers.
 In Section 2, we first comment some performancespecifications and briefly describe the system contextrelevant to the ALMA digitizers. In Section 3, the adoptedADC technology and circuit architecture are described ingeneral terms. In Section 4, we give details on someexperimental tests made with our first 2-bit sampler. InSection 5, solutions to the design of the multi-bitdemultiplexing module required after the ADC are brieflydiscussed. Finally, in Section 6, the main features of thedigitizer test equipment are presented. (An intermediateprogress report was published in [1]. Detailed reports onthe designs of our ADC's are given in [10].)
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 2. Specifications and System ContextEach one of the 64 antennas of the ALMA array comprises8 ADC's (4 per polarization) each digitizing 2 GHz IFbandwidth. Top level specifications are summarized inTable 1.
 We first note that designing the ALMA high speeddigitizers (4 GHz clock) implies to have access to highspeed integrated circuit technologies (SiGe, GaAs or InP)and that bandpass sampling requires to buffer, amplify anddigitize frequencies up to 4 GHz and in fact well abovethis limit for proper operation.
 Designing highly stable and 'spectrally clean' 3-bit digitizers is a significant achievement compared to theusual 2-bit, 3- or 4-level case because signal detection inradio astronomy observations requires long timeintegrations of continuous input signals. The net resultcompared to two bits is a higher figure of merit (seebelow), a 6 dB gain in signal-to-noise ratio (assumingideal ADC's with quantization noise only), and betterprotection against radio frequency interferences. Wefurther note that with 8-quantization levels, matching ofthe comparator thresholds, and minimization of timingmismatches (and thus of encoding errors), are a difficultdesign goal.
 Table 1. ALMA digitizer performance specifications
 Input BW 2-4 GHzSample clock 4 GHz (250 ps)Bit resolution 3 bits (and 2 bits)Quantization levels 8Aperture time ≤ 50 psAperture Jitter ~ 2 psSmall indecision level ~ a few mVLow power dissipation < 2 W (sampler chip)Output demultiplexing factor 1/164 GHz clock distribution PLLFine delay command ≤ 1/32th of one sample
 The aperture time, or the average period of timerequired to sample the signal, is related in part to the finiterise time of the sampling clock and must be kept small.The attenuation due to finite aperture time varies assin(πu)/(πu) and reaches -0.58 dB at 4 GHz for 50 psaperture time. The -0.44 dB roll-off from 2 to 4 GHzimplies little degradation of interferometer sensitivity [2],and is well consistent with the maximum ripple acceptedat the downconverter output level.
 The aperture jitter, or variation in the times atwhich the sampling process occurs, is related to phaseerrors in the sampling clock signal. It limits the effectivesignal-to-noise ratio and should remain around 2 ps with a4 GHz clock. We thus need highly stable (PLL) clockgeneration and good immunity to temperature drifts andinterferences.
 The comparator indecision level (hysteresis)should be small and around a few mV. In our design thislevel corresponds to a small fraction of the input r.m.s.voltage. The digitizer threshold voltages are thus slightlyinfluenced by the input signal voltage variations.
 Our initial and updated surveys of many Web sitespresenting commercial Flash ADC's and Track/Holdamplifiers with conversion rates above one giga sampleper second (Gs/s) show that the product required forALMA is not available [3]. Some devices work around 1 to2 Gs/s, and one goes up to 4 Gs/s. However, there is nodigitizer with an input bandwidth up to 4 GHz. In addition,commercial ADC's offer more bits than actually requiredfor radio astronomy applications and their high powerdissipations ~ 3 to 8 W is thus not well suited to the ALMAproject; our goal here is less than 2 W for 3 bits. Thefastest commercial Flash ADC's or Track/Hold amplifiersuse bipolar Silicon or GaAs technologies. We note thatInP seems less competitive in terms of cost and access.
 The digitizer performances can be estimated andcompared by means of a universal figure of merit.Following [4], this figure of merit is defined by
 M = 2N F /Pd
 where N is the effective number of bits, F the maximumfrequency at which Nyquist sampling is still possible, andPd the power dissipation. With our designs N = 3 and weexpect F = 5 GHz (or more) and Pd < 2 W giving M > 20GHz/W whereas the operational and most elaboratedigitizers available in radio observatories have M ≈ 2GHz/W.
 Fig. 1. ALMA digitizer in the system context
 The demultiplexing stage which follows the samplingstage is necessary for adequate interfacing to the ALMA
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 fiber optic transmitter (Fig. 1), and to lower the threecontinuous 4 Gs/s data rates delivered by each digitizer toadequate bit rates for signal correlation. We have adopteda design in which we separate the sampling/quantizationfunction from the demultiplexing function. This shouldminimize any potential coupling of the digital outputs withthe analog input and thus improve the signal-to-noise ratioand dynamic range of the digital conversion stage. Thisdesign choice is reflected in Fig. 1 (the 'Flash ADC' and'DEMUX' are not implemented in the same ASIC). Fig. 1also shows important ALMA system context functions. Inparticular, we show the digitizer clock distribution andsuggest re-synchronization of the DEMUX output data tothe 125 MHz system clock. There are four ADC pairs anddemultiplexing units for the two IF downconverters ineach antenna of the array (Polar 1 and 2 in Fig. 1).
 The sampler clock generator produces and distributes a 4GHz sine wave to each of eight sampler modules perantenna. The phase of this sine wave can be steered bysteps of 11 degrees in order to compensate for the finepart of the astronomical delay. This is performed by aDDS chip, under the control of real-time software. Anaccurate PLL translates its output to 4 GHz (see alsohttp://iram.fr/TA/backend/samclock).
 3. ALMA DigitizerOur team develops both 2-bit and 3-bit SiGe digitizers.Our 2-bit design can be seen as the ALMA fall-backsolution for interim array operation.
 3.1 Adopted technologyThe III-V (GaAs or InP) technology is often used foroperation at the high frequencies required for ALMA [seee.g. 5]. Usually, classical technologies based on Siliconare not fast enough to work at sample rates beyond 1 to2 Gs/s [6], [7]. However, technologies based on SiGeheterojunction bipolar transistors (HBT) are competitivewith III-V technologies in the 1 to 10 GHz range [8]. Inaddition, SiGe tends to become a low cost Silicon processcompeting with more expensive high performance GaAsprocesses.
 Our designs are based on the SiGe BiCMOS 0.35 µm and0.25 µm processes from STMicroelectronics. They includeCMOS transistors and SiGe bipolar transistors with 45GHz and 75 GHz transition frequencies for the 6 G and 7processes, respectively. These processes allow us todesign very high-speed building blocks to achieve broadbandwidth amplifier and comparator cells withoutexcessive amounts of power. The power supply is limitedto 2.5 V while most ADC's are designed and optimized forhigher voltages. The power supply is often 5 V in GaAstechnologies [5], whereas it does not exceed 3 V in Si-SiGe technologies [7]. Our digitizer designs are thusoptimized for low voltages and low power consumption.
 3.2 Adopted designFlash ADC's are well suited to the conversion of broadband signals and to high frequency operation. As they usesimultaneously 2N - 1 comparators for an N-bit conversionprocess, every bit resolution quickly increases the size andcost of the ADC core circuitry. Hence, Flash ADC'savailable on the market are limited to about 8 bits. This ismore than required for radio astronomy applications inwhich 3-bit operation already improves the traditional 2-bit case (see Section 2). In Flash ADC's, quantization ofthe input signal is performed before sampling bycomparing with reference thresholds; the samplingfunction stage is thus, at first order, less critical, and isphysically implemented in latches. We have adopted thisdesign for the ALMA 3-bit and 2-bit digitizers (Fig. 2).
 ASIC
 DEMUX
 2 GHzIF input
 Comparator 1 Latch 1
 Comparator 7 Latch 7
 ENCODING
 4 GHz PLL
 3 3*16
 Vref7
 Vref1
 Fine Delay
 125 MHzSystem Clock
 AnalogAmplifier
 Fig. 2. ALMA digitizer block diagram
 The ASIC chip integrates an input adapter amplifier,comparators followed by latches, an encoding circuit, andoutput buffers. The 2 GHz wide input signal is amplifiedand compared with high and low thresholds (Vref1 to Vref7
 in Fig. 2). The chip layout requires special care in order tominimize errors due to routing path mismatches betweenthe input adapter amplifier and the comparators as well asbetween the clock distribution module and thecomparators. (The demultiplexer, with internallygenerated 250 MHz, is described in Section 5.)
 3.3 Digitizer overview & First designsThe 2-4 GHz input analog signal delivered from one of thefour outputs of the IF down-converter module (Fig. 1) is awhite noise signal with Gaussian statistics. The firstelement of the digitizer ASIC is an analog amplifier (Fig.2) which converts the asymmetrical input signal into adifferential one. Its input is matched to 50 Ω . Thefrequency response of this amplifier must be linear and the
 ripple over 2-4 GHz within ± 0.5 dB. The digitizer inputlevel is controlled in the IF downconverter with ± 0.25 dBattenuator steps placed in the output paths of each IFdown-converter. Sampling is performed in the

Page 4
                        

4
 comparators each one including one comparator and twolatches operated in a master-slave configuration andclocked at 4 GHz (Fig. 3). This structure suppressesmetastability state by providing more amplification of theinput signal and better conversion speed by holding astable comparison result. The 4 GHz clock signal isequally distributed to 7 comparators (or to 2 comparatorsin the 2-bit design). The thresholds comprise a zeroreference voltage and are set around ± 0.5 σ, 1 σ and 1.5 σwhere σ is the r.m.s. voltage at the common input of thecomparators. These levels are well above the indecisionregion and below the comparator supply voltage; they arekept constant and their exact values will be tuned with anaccurate division voltage chain to minimize thequantization losses.
 comparator latch_D latch_Din
 ref
 ck ck
 out
 outcomparator latch_D latch_D
 in
 ref
 ck ck
 out
 out
 Fig. 3. Sampling cell topology
 The digitizer encoding is not yet finally adopted. It isrelated to the look-up tables of the digital FIR filters whichtranslate between the digitizer code and the 4-levelcorrelator chip code of the ALMA Baseline Correlator. Theencoding should minimize the power consumption andminimize errors with minimum bit changes. It should alsopermit easy identification of the signal sign (SignDemodulation in Fig. 1). The adopted coding outputs forour 2- and 3-bit designs are shown in Table 2.
 Table 2. Three- and Eight-level coding outputs
 VS12 VS22
 Ve > Vref1 1 1Vref2 < Ve < Vref1 0 1Ve < Vref2 0 0
 Vinput D2 D1 D0
 Vin < Vref0 0 0 0Vref0 < Vin < Vref1 0 0 1Vref1 < Vin < Vref2 0 1 1Vref2 < Vin < Vref3 0 1 0Vref3 < Vin < Vref4 1 1 0Vref4 < Vin < Vref5 1 1 1Vref5 < Vin < Vref6 1 0 1
 Vin > Vref6 1 0 0
 We deliver SCFL (Source Coupled Field Logic) singleended logic levels (0 V/-0.9 V) for compatibility with thedigitizer test equipment. However, for the ALMA systemsmaller voltage swing is preferable (e.g. 0.4 V swing withstandard Current Mode Logic, CML).
 Table 3 summarizes the ASIC designs performed in theyear 2001. There are two 6G 2-bit designs; the 2001August design is more 'robust' in terms of technologicaldispersions and contains new clock amplifiers. The 2-bitBiCMOS 7 ASIC design of December requiredimplementation of new tools and corresponds to animportant and robust technology evolution. This 2-bitdigitizer can be considered as our fall-back solution forinterim ALMA operation. Our first 3-bit design of May,2001 will evolve after full performance testing into aBiCMOS 7 design.
 Table 3. First prototype ALMA digitizers with 0.35 and 0.25 µmSiGe processes from STMicroelectronics
 FoundryRun Date
 Packaging
 2-bit BiCMOS 6G (0.35 µm)
 February,2001
 TQFP32
 3-bit BiCMOS 6G (0.35 µm)
 May,2001
 VFQFPN44
 2-bit BiCMOS 6G (0.35 µm)
 August,2001
 VFQFPN36
 2-bit BiCMOS 7(0.25 µm)
 December,2001
 T.B.D.
 3.4 Track/Hold and Flash ADC configurationThe alternative to the quantization/sampling approachadopted in our design is : (i) sampling the input signal firstby means of a Sample/Hold (or Track/Hold) circuit and,(ii) implementing quantization in a following stage. Thiscould facilitate the quantization process and perhaps helpbetter meeting some of the ALMA specifications althoughthere is no experience at the high frequencies requiredhere for a Track/Hold in front of an ADC. To this end, aGaAs sampler has been designed at the ArcetriObservatory and the University of Florence for the ALMAsystem [9]; it could be used with our Flash ADC in aspecific multi-chip package.
 4. First SiGe, 2-bit Design: Simulations and ResultsThe design details for all circuits mentioned in Table 3 aregiven in [10]. In this Section we concentrate onsimulations and results obtained with our first SiGe 2-bitdesign of February, 2001. The ASIC generic configurationis that given in Fig. 2 with two comparators and tworeference voltages. The die is mounted in a 32-pin TQFPpackage. (This packaging was not optimized for high RFoperation.) The chip is shown in Fig. 4 and dissipates 650mW with a symmetrical ± 1.25 V; its size is 5.4 mm2. Due
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 to the high number of supply pads for each building blockthe circuit is ‘pad limited’. Hence, a large amount of diearea is filled with decoupling capacitors.
 Fig. 4. Microphotograph of our first SiGe, 2-bit digitizer ASIC
 All of our simulations were made with Cadence CADtools. They take into account the extracted view of thedesign which includes all parasitic capacitors and resistors.In addition, the inputs and the outputs include the parasiticelements of the bond pads, the bonding wires, the leadframe and the package. The simulated -0.5 dB bandwidthof the input amplifier goes up to 4.4 GHz and the -3 dBbandwidth is 9.8 GHz. The amplifier gain is 12.2 dB.
 Our comparator design has been tested in the laboratoryon a 4-layer Printed Circuit Board shown in Fig. 5. Theupper layer carries the analog input and clock signals anddistributes the power supply. The second and fourth layersare ground layers. The third layer carries the output logicsignals.
 Fig. 5. Printed circuit board and 2-bit comparator ASIC used forlaboratory tests
 Our measurements show that the comparison andsampling functions are correctly performed for clock ratesup to 4.9 GHz. In these measurements, the signal andclock synthesizers and the digitizing oscilloscope (HP54750A) used to analyze the output signals are allsynchronized to a common 10 MHz line. In Fig. 6 weshow the response (lower plots) to a 3 GHz input signal(upper plot). The amplitude of the input signal is -12 dBmand the output signals are on the 50 Ω off-chip load. Theoutput frequency is 1 GHz as expected with 4 GHz clock;the output voltage swing is 850 mV.
 Fig. 6. Measured output waveform (lower plots) in response to 3GHz input signal (upper plot) and 4 GHz clock
 The measured rise and fall times of the output signalloaded with a 50 Ω impedance are around 130 ps. Themeasured rejection ratios between the 4 GHz +0dBm inputclock signal and the comparator input on one hand, andchip outputs on the other hand are -29 and -27 dB,respectively.
 It is interesting to note that the ratio dV/dt, where dV isthe output voltage swing, is an important parameter to
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 characterize the circuit performances. With dt = 130 ps(our measurement) and SCFL logic used here (dV = 900mV) we obtain dV/dt = 7 mV/ps, while with standardCML (dV = 400 mV) we expect a rise time well below100 ps for the same design.
 5. ALMA Digitizer Demultiplexing UnitVarious solutions are being investigated to process the FlashADC output data rate before transmission (see Fig. 1) to theFiber Optic System link. The sampler ASIC output isconnected to a Fast Demultiplexing Unit (FDU, or DEMUXbox in Fig. 1) in front of the Virtual Parallel Bus (VPB). With1/16 demultiplexing factor the FDU delivers 16 times 3 bits or250 Mbits/s in 48 lines to be connected to each VPB of theFiber Transmitter. This is consistent with the 12 Gbits/soutput data flow from each sampler ASIC and with the inputrate accepted by each VPB digital serializer and opticalcombiner implemented in the Fiber Transmitter. The FDUdesigned for the digitizer test equipment is made up of threesingle bit demultiplexing boards (Fig. 7, and see followingSection). Each board comprises a 1/16 demultiplexer and asynchronizer allowing multi-bit demultiplexing operation.The 1/16 demultiplexer consists of several logic layers, thefirst one using commercial high speed GaAs IC's. Thesynchronizer can be seen as a PLL stage detecting whether the(equivalent) 1/16 logic counters of two chaineddemultiplexers operate in the same phase state or not.
 Fig. 7. Fast Demultiplexing Unit (FDU) block diagram for thedigitizer test equipment
 Designing for the ALMA system an upgraded version of theFDU associated to the digitizer test bench poses a significantproblem due to the necessary long-term reliability expectedfor such an equipment in comparison with a board operated inthe laboratory environment. Moreover, a proper design has totake into account easiness of production and test (i.eminimization of board adjustments).
 At the moment, no commercial demultiplexer allows us tophase 3 bit signals at high rates. Three main possibilities arethus considered:a) Synchronization of three single-bit commercial
 demultiplexers using the technique implemented in thedigitizer test equipment;
 b) Use of commercial high speed gate arrays, if available;c) Development of a specific 3-bit demultiplexing ASIC.
 Option b) would require careful investigation while option c)could not be cost efficient but is worth investigating. Optiona) has been successfully tested (see [11]). Nevertheless, thenumber of demultiplexing units to be synchronized being nowfixed to three, a second generation design has to be developedusing updated commercial off-the-shelf technology in order tooffer a more compact size, less power consumption and awell-known electrical interface.
 6. ALMA Digitizer Test EquipmentThe digitizer test equipment under development will providehigh dynamic range characterization of the sampler ASICand, therefore, necessary feedback to the ASIC design teamall along the different foundry runs (see alsohttp://iram.fr/TA/backend/simplcorr). In addition, we proposeto use the digitizer test bench and associated equipment forcharacterization and quality tests at the production stage.
 6.1 OverviewThe tests performed with the digitizer test equipment are:a) Actual statistical distribution of the signal samples.
 Thresholds from each of the 2 or 7 comparators will beextracted and compared to their nominal values;
 b) Time stability. The autocorrelation sequence zero lag isan 'image' of the signal power whose stability over longperiods of time is of prime importance, and can beestimated by means of the input samples Allan variance;
 c) ASIC input frequency response. The input signal being awhite noise, the Fast Fourier Transform (FFT) of theauto-correlation function should be flat. In practice, onewill obtain a response including ripple within thepassband (due to input buffer mismatch for instance). TheFFT spectrum will give the frequency response of theASIC analog input stage and will underline anyfrequency distortion.
 The physical architecture of the digitizer test equipment isshown in Fig. 8. It comprises both commercial instruments(clock generator, power splitter, power supply, plug-in dataacquisition board, PC) and home made units (noise source,fast demultiplexing unit, simplified correlator board).
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 Fig. 8. Physical architecture of the digitizer test board and associatedequipment
 The noise source is flat over the input frequency range within±2 dB and is able to deliver up to +23 dBm over 2 GHzbandwidth. The sampler ASIC is powered thanks to anadjustable power supply to allow stability measurementsversus supply voltage.
 The number of auto-correlation lags is set to 16 whichrepresents a good compromise between complexity andperformance. Thus, the FDU acquires a set of 16 consecutivesamples at a rate of 4 Gs/s. Once the samples have beencaptured, they are distributed at a lower rate to be processedoff-line by the simplified correlator board.
 The simplified correlator board (SCB) computes the auto-correlation function as well as the probability density functionof the input samples acquired over a fixed integration timeslice. Once this time slice is over, the computed data aretransmitted to a plug-in digital pattern acquisition boardwhich sends them over the PCI bus of a computer. The lattersupports the test software which computes the Van Vleckcorrection then the FFT and displays the results (LabVIEWenvironment). In order to monitor and analyze the effect ofdifferent types of physical changes (on-board adjustment,temperature step, etc.), the FFT result will be displayed everysecond.
 6.2 Hardware implementationAcquisition of the samples and their processing are performedby the FDU and the SCB respectively (Fig. 9). Following anacquisition request from the SCB, the 16-sample packet isparallely transmitted to the SCB. This asynchronoustransmission between the FDU and SCB allows us to run theFDU at a sampling frequency independent of the SCBprocessing speed. During preliminary debugging tests, this
 feature will allow us to run any sampler chip whichevermaximum speed operation is achieved or used.
 Because of ultra-high frequencies involved in the FDU andbecause of sampler bit resolution uncertainty at the timewhere we have started the test equipment design, a one boardper bit architecture has been adopted. A single demultiplexerboard is composed of an off-the-shelf GaAs 1/8 demultiplexeras a first layer. Its 500 Mbits/s output rate is down-convertedto 62.5 Mbits/s thanks to a second layer made up of a set oftwo 8-bit registers alternatively latched. This final rate isbased on the maximum input rate accepted by the PLDcorrelator. Once the 16-sample packet has been captured, it istransmitted to the SCB thanks to line buffers.
 Fig. 9. System block diagram: fast demultiplexing unit (FDU) andcorrelator board
 The auto-correlation and probability density functions arecomputed within a single programmable logic device (anALTERA PLD product). The maximum data processingspeed is expected to be near 120 Mbits/s.
 The noise source (Fig. 8) delivers a white noise over thefrequency range 100 MHz to 4 GHz. The output spectraldensity shape could be either of the lowpass or bandpass typein order to test the sampler ASIC performances in differentinstrumental configurations. Lowpass and bandpassconfigurations are selected thanks to an external filter. Theoutput voltage can be adjusted with an internal 1 dB stepprecision attenuator. The output power stability is optimizedthanks to regulated power supplies and by controling thenoise source temperature. An OEM temperature controllercoupled to the noise source socket provides a constantworking temperature.
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 6.3 Development statusThe FDU design is now complete. Tests have shown properrunning of the demultiplexing unit beyond 4 GHz samplingclock as well as successful operation of the bit-phasingcircuit. The SCB implementation is currently in progress.Computation frequency may go up to 120 MHz according tothe PLD timing simulations; this far exceeds the targetedworking frequency.
 Once all hardware developments will be finished, a dataprocessing software will be implemented using the LabVIEWgraphical programming language. Preliminary sampler testresults are thus expected to be available soon.
 7. ConclusionsFour SiGe high speed digitizers have been designed andfabricated taking advantage of a cooperation withSTMicroelectronics. This cooperation allows us to use theirfoundry and will permit preparation of the highly reliabledigitizers required at the ALMA production stage.
 We have given some details on our first 2-bit designdeveloped with the 0.35 µm BiCMOS 5M1P process fromSTMicroelectronics. Measurements made on a specificprinted circuit board show good agreement with oursimulations, and proper signal digitization is observed up to4.9 GHz clock rate.
 Possible schemes have been briefly presented for the multi-bitdemultiplexing module required after digitization in front ofthe Fiber Transmitter of the ALMA system. One possibilityincludes synchronization, as successfully demonstrated withthe demultiplexers designed for our digitizer test equipment,of three commercially available single bit demultiplexingchips in a new compact design.
 The digitizer test equipment required for qualification andproduction of the ALMA digitizers has been described ingeneral terms. It is nearly completed and will be used toextensively test our 2001 designs, and, at a later stage, to testthe pre-production digitizers as well as to qualify theproduction units.
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