ALMA CORRELATOR-BACK END ICD
by John Webber, Ray Escoffier
1) Scope

This ICD covers the electrical interface requirement between the ALMA
system back end and the ALMA correlator. This electrical interface can
be divided into;

a) electrical signals into the correlator from the LO system
b) digital signals to/from the optic fiber transmission system

The interface of the correlator with the correlator computer system is
a subject for another ICD which covers both the correlator control
interface and the correlator output interface.

2) LO system interface.

Only two signals are required by the ALMA correlator from the LO
system (connector types for signals on the correlator end is to be
determined):

2.1) Clock: A single sinusoidal 125 MHz clock on 50 ohm coax with a 10
dBm level +/- 20%. Frequency accuracy and stability of the 125 MHz
signal are commensurate with ALMA LO requirements.

2.2) Time tick: A single 48 msec system cycle tick with LVDS interface
standards that is nominally low for 42 msec and high for 6 msec. The
positive-going transition of this signal is used by the correlator as
the system time reference. Since only the positive-going transition of
the signal is used, the logic high duration specification can be set
as Tow as 1 msec or as high as 47 msec. As above, frequency accuracy
and stability of the time tick signal are commensurate with ALMA LO
requirements.

3) optic fiber receiver interface

The racks that house the ALMA correlator also provide installation
space for 256 optic fiber receiver printed circuit cards. These cards
are not considered in this specification to be part of the correlator
even though they are mounted in the racks and motherboards of the
correlator. Only the interface between the fiber optic cards and the
correlator is a subject for this ICD.

3.1) The interface between the optic fiber receiver printed circuit
cards and the ALMA correlator include 4 types of signals:

3.1.1) Clock: The correlator provides a single 3 VPP sinusoidal 125
MHz clock for each receiver card. Amplitude tolerance of this signal
from the correlator is +/- 20%. The clock interface should be
terminated on the receiver card with a 50 ohm resistor to ground. The
clock signal is synchronous with the LO supplied 125 MHz correlator
clock.

3.1.2) Time Tick: Each receiver card gets a single 48 msec system
cycle tick with LVDS interface standards that is low for 42 msec and
high for 6 msec. The positive-going transition of this signal is set
by the correlator as the system time reference. Tolerance on the high
duration of this signal is +/- 1 msec. The time tick signal is
synchronous with the LO supplied correlator time tick.
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3.1.3) Samples: Each receiver card outputs two times thirty-two 3-bit
demultiplexed sample streams synchronous with the correlator system
125 MHz clock. Any given 3-bit sampler data interface carries bits
from every 32nd sample of the original 4-GS/S digitizer output.

Sample data from the fiber optic card output drivers will have
LVCMOS3.3 Togic levels (ground-to-3.3 VDC rail-to-rail) with each
digital output having a 110 ohm series termination resistor on the
receiver card. Each output of the receiver card will be terminated on
correlator system digital filter cards using a 91 ohm resistor to
ground. The 110 ohm series termination resistors may in fact be
equivalent resistors in Xilinx Virtex-II FPGAs.

No specification on exact timing of signals to/from the fiber optic
cards relative to the correlator system clock is necessary because of
the adjustability of FPGAs in the system.

See the appendix for the fiber optic receiver card pin-out as
supported by the ALMA correlator station motherboard and other
requirements the fiber optic card must meet.

3.1.4) 48 VDC power: Each fiber receiver card gets 48 VDC with a drive
capacity of up to 2 Amperes from the correlator station motherboard.
Tolerance of the 48 VDC power connection is +/- 5 VDC, ripple 1is less
than 1.0 VPP.

3.2) Three additional interface signal types are part of the fiber
optic card-correlator interface only in that the station motherboard
supplies PCB traces and connectors for the signals. These signals do
not otherwise interface with the correlator in any way (see figure 1
for pinout details).

3.2.1) Receiver card optical fiber inputs: Each fiber optic card gets
input data from 3 optical fibers and the station motherboard mounts
fiber connectors in support of this interface (See figure 1 for
connector types).

3.2.2) CAN bus: Each fiber receiver card communicates with the ALMA
computer system via a CAN bus. Each station motherboard in the ALMA
correlator provides two male-female DB9 connector pairs in accordance
with the ALMA CAN bus standards as defined in NRAO specification

ALMAO8001Nx0001C dated 2001-09-07.

3.2.3) EDFA SAFE signals: Each fiber optic card outputs two EDFA SAFE
signals; each is run over a station motherboard circuit trace to a
female DB9 connector (see figure 1).

Appendix

A.1) Figure 1 shows the conversion of signal labels between the ALMA
optic fiber receiver card schematic and the schematic of the ALMA
correlator station motherboard on which it mounts.

The optic fiber card will be injected/ejected using Scanbe (APW)
P/N S-217 card ejectors as shown in Figure 1.

Each receiver card outputs two baseband signals. Each baseband signal
consists of 32 time demultiplexed sample streams 3-bits in width. The
two baseband signals are differentiated by the BBO and BBl label



prefixes.

The 3-bit samples are denoted by B, C, and D codes where signals with
D codes are most significant (or sign) bits and signals with B codes
are least significant (although the FIR filter card can handle any
sample coding).

The time ordering of the samples is denoted by using indices 0
through 31 in signal Tabels, where a sample with a 0 index 1is the
first sample taken in time of the set and a sample with a 31 index is
the last in time of the set (the correlator, however, can handle any
time order in the samples).

A.2) Both the fiber optic transmitter and receiver cards will support
testing of the ALMA correlator data interface by being able to
substitute for digitizer outputs 35-bit pseudo-random data signals
that shift by 32 states every 125 MHz system clock.

A normal 35-bit PN generator has a 35-bit shift register with a single
EXOR of the 35th and 33th output stages as the input to the first
stage. By using 32 EXORs, the state of the generator 32 clocks forward
can be anticipated and the PN generator made to appear as if it

clocks 32 steps on each clock.

Each test signal PN generator will have the ability to be initialized
using an arbitrary 32-bit seed pattern jam loaded into the PN register
synchronous with the 48 msec time tick (the other 3 bits of the seed
may be strapped low). This jam load can also be turned off to allow
the PN generator to run continuously.

Three independently seeded 35-bit PN generators are required for
substitution of the 3-bit samples of each baseband signal (a total of
6 PN generators for 2 basebands). Any 32 of the 35-bit outputs of a
given PN generator can be used as outputs (order of PN output to
sample bit output is not important).

A.3) The fiber optic receiver cards will support mode selection in the
correlator by having a 32-bit 2X2 cross-bar stage between the receiver
card internal BB0-BBl signals and the BB0-BB1l card outputs into the
correlator.

A.4) Figure 2 shows the mechanical layout of the ALMA correlator
station motherboard fiber optic receiver card receptacle slot.
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DRAWINGS NOT TO SCALE

FIGURE 2 ALMA CORRELATOR
STATION MOTHERBOARD FIBER
RECEIVER CARD MOUNTING

NOTES:
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ALMA CORRELATOR ICD
by John Webber, Ray Escoffier
1) Scope

This ICD covers the electrical and mechanical interface requirements
of the ALMA correlator with the ALMA array/support sites.

These interfaces can be divided into;

a) the floor space required for the correlator

b) the AC power required by the correlator

c) cooling requirement of the correlator

d) lab space required for correlator maintenance in the AOS
e) lab space required for correlator maintenance in the OSF

2) Electrical Interface

Each of the 4 quadrants of the ALMA correlator (including the 64 fiber
optic receiver cards in each quadrant) requires total AC power of 40
kW 3-phase 240 VAC 50 Hz. The Correlator Computer System, while not
officially part of the correlator, will add an additional 10 kW power
requirement for the correlator room. The total room power requirement
is thus (4 x 40) + 10 or 170 kWw.

The AC power requirements will be met by supplying the room with
parallel 20 kW? 3-phase AC circuits.

To allow for test equipment operation in the correlator room and for
possible future modifications to the system the power available to the
room must have at least a 20% over capacity.
3) Mechanical Interface
3.1) Correlator room floor space
The complete 4-quadrant ALMA correlator consists of:
16 32-inch by 32-inch (~0.8 by 0.8-meter) station racks
16 32-inch by 32-inch (~0.8 by 0.8-meter) correlator racks
8 21-inch by 32-inch (~0.5 by 0.8-meter) power supply racks
4 21-inch by 32-inch (~0.5 by 0.8-meter) racks for the CDP computer system
1 21-inch by 32-inch (~0.5 by 0.8-meter) rack for the CCC computer system

The minimum floor space required to house the correlator is 110 sq
meter in a 10 meter by 11 meter configuration (see appendix).

3.2) Correlator room floor loading

Total weight of the correlator system plus the computer system is
10,000 kg (25,000 pounds) with a maximum loading of 500 kg/sq m.

3.2) Correlator room flooring requirement

The room to house the ALMA correlator must have a computer floor to
allow for forced air cooling of the system. A minimum dimension of 0.5
meters will be allowed beneath the computer floor as an air plenum and
for under-floor cabling.

3.3) RFI requirement



The ALMA correlator room will be a shielded room with a minimum of 757
dB isolation of all frequencies between 1 GHz and 1000 GHz?. A1l air,
power, optical, and digital signal inputs to the room must be filtered
so as to meet this isolation requirement.

3.4) Cooling requirement

Sufficient cooling air must be supplied to the correlator room to
allow for a temperature rise of no more that 10 deg C when the
correlator system, including the fiber optic receiver cards and the

correlator computer system, is dissipating its maximum power of 170
kw.

Air flow through the racks will be restricted to (all racks are 2
meters high):

by 0.3-meter chimney for all station racks
by 0.4-meter chimney for all correlator racks
by 0.3-meter chimney for all other racks

[
[eNeNe)
V1 NN
o wvin

Electronic components in each rack will restrict the area of air flow
by an average of 50% of the chimney cross section.

Inlet air temperature shall be nominally at 20 deg C but be adjustable
to as Tow as 15 deg C.

3.3) AOS lab space requirement

Laboratory space of 5 meters by 8 meters will be required in the ALMA
site for spares storage and simple maintenance activity.

3.4) OSF 1ab space requirement

Laboratory space of 5 meters by 8 meters will be required in the ALMA

support facility for test fixtures and general system maintenance.
Appendix

The attached figure gives a floor plan for the ALMA correlator.
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