
Band 1
FE
31.3-45GHz

Band 2
FE
67-90GHz

Band 3
FE
89-116GHz

Band 4
FE
125-163GHz

Band 5
FE
163-211GHz

Band 6
FE
211-275GHz

Band 7
FE
275-370GHz

Band 8
FE
385-500GHz

Band 9
FE
602-720GHz

Band 10
FE
787-950GHz

IF
SEL
SW

4x
10:1

2

2

2

2

4

4

4

4

4

4

SAMPLING
CLOCK
SYNTHESIZER

4GHz
VARIABLE
PHASE

FINE DELAY

DIGITIZERS
8 EA

ENCODERS
4 EA

3x32
125Mb/s

OPTICAL XMTRS
12 EA

10 Gb/s incl overhead

FRONT END RACK ANALOG RACK

REFERENCE
RECEIVER

27-122 GHz AND 2.0 GHz

20 Hz AND 25 MHz

27-122 GHz (fiber)

CRYOGENIC
DEWAR

8-10 GHz, 12-14 GHz

Note 3:  AMB = Antenna Monitor-control Bus

POLARIZATION 1

POLARIZATION 2

Sideband 1

Sideband 1

Sideband 2

Sideband 2

(all rcvrs)

(all rcvrs)

(some rcvrs)

(some rcvrs)

[Note 1]

Note 2:  Band 3 LO assumes SIS mixer option..

[Note 2]

Note 1:  Band 2 LO assumes alternate
single-conversion scheme requiring high-side
LO at 79-94 GHz, with DSB operation at low end
and LSB at high end.

ALMA ANTENNA ELECTRONICS

OPTICAL FIBERS IN

4-12 GHz (IF)

2nd LO SYNTHESIZERS

DOWNCONVERTERS

2-4 GHz (baseband)

x1

x1

x1

x2

x2

x3

x3

x4

x6

x8

OPTICAL
MUX

OPTICAL FIBER OUT

Note:  Channels grouped by polarization pairs,
3 optical carriers per pair, 24 Gb/s user data
per group.

4

Driver
Type 1

Driver
Type 2

Driver
Type 2

Driver
Type 2

Driver
Type 2

Driver
Type 2

Driver
Type 2

Driver
Type 3

VCO
27.3-33 
GHz

VCO
34.2-52.0
GHz

1P9T
WAVEGUIDE
SWITCH

1P10T
COAX
SWITCH

1P10T
OPTICAL
SWITCH

1st LO
CONTROLLER

DIGITAL RACK

Driver
Type 3

Driver
Type 3

(future use)
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DOWNCONVERTER1

downconverter

IF1

IF2

LO
A

LO
B

LO
C

LO
D

BBA

BBB

BBC

BBD

AMB

TP-DATA

REF20

DOWNCONVERTER0

downconverter

IF1

IF2

LO
A

LO
B

LO
C

LO
D

BBA

BBB

BBC

BBD

AMB

TP-DATA

REF20

LO2a0

LO2

OUT
REF125M

REF20

AMB

REF125comb

LO2a1

LO2

OUT
REF125M

REF20

AMB

REF125comb

LO2a2

LO2

OUT
REF125M

REF20

AMB

REF125comb

LO2a3

LO2

OUT
REF125M

REF20

AMB

REF125comb

RR

ref_rcvr

OPT-HIREF

OPT-LOWREF

OPT_HIREF_OUT

REF2G

REFCOMB

REF125M

REF20

REF25M

125MREF

20REF

REF20

REF20

125Mcomb

20REF

125MREF

125Mcomb

20REF

125MREF

125Mcomb

20REF

125MREF

125Mcomb

20REF

125MREF

125Mcomb

2GREF

PLLIF1

PLLIF2

PLLIF3

PLLIF4

PLLIF5

PLLIF6

PLLIF7

PLLIF8

PLLIF9

PLLIF10

OPTREF1

OPTREF2

OPTREF3

OPTREF4

OPTREF5

OPTREF6

OPTREF7

OPTREF8

OPTREF9

OPTREF10

PLLIF1
PLLIF2
PLLIF3
PLLIF4
PLLIF5
PLLIF6
PLLIF7
PLLIF8
PLLIF9
PLLIF10

OPTREF1
OPTREF2
OPTREF3
OPTREF4
OPTREF5
OPTREF6
OPTREF7
OPTREF8
OPTREF9
OPTREF10

125MREF

20REF

REF25M

AMB

OPTICAL-HIREF

OPTICAL-LOREF

AMB

AMB

AMB

TOTAL POWER DATA

AMB

TOTAL POWER DATA

OPTICAL_DATA

AMB

AMB

AMB

AMB



LOW FREQ..
REFERENCE
GENERATOR

DECODERS
4 EA

OPTICAL RCVRS
12 EA

3x32
125 Mb/s

BULK DELAY
8 EA

FIR FILTERS
8 EA

STATION CARDS
4 EA, pol. pairs

2x32
125 Mb/s max

Bandwidth select
and fine delay

Re-order and
packetize samples

OPT
1:64
PWR 
DIV

OPT
DISTRIB

ROUND-TRIP PHASE
MEASUREMENT and
LINE LENGTH
STABILIZATION
SERVO

LASER PHASE-LOCK

COMMON ONE PER SUBARRAY

frequency command

LOCAL OSCILLATORS

CORRELATOR STATION ELECTRONICS

2b/sample x 2 polarizations
32 samples in parallel
125 Mb/s each

TO CORRELATOR
BASELINE ELECTRONICS
EACH QUADRANT

CENTRAL
REFERENCE
GENERATOR

H
MASER

CORRELATOR BASELINE ELECTRONICS

PL
AN

E 
0

PL
AN

E 
1

PL
AN

E 
2 PL
AN

E 
31

LONG-TERM
ACCUMULATOR

LTA
ADDER
TREE

REAL-TIME
COMPUTER
  AND
DATA STORAGE
ARCHIVE

CORRELATOR ARRAY
2b/sample x 2 polarizations
32 samples in parallel
125 Mb/s each

28 to 122 GHz, tunable; and 2 GHz.

20 Hz and 25 MHz.

master

slave

MASTER
LASER SLAVE

LASER

other refs

ONE PER ANTENNA

ALMA CENTRAL ELECTRONICS

OPTICAL
DE-MUX

10 Gb/s
3x32
125 Mb/s

OPTICAL 
CROSSBAR
3 EA

(ONE OF FOUR QUADRANTS)
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25M-REF1

20-REF1

5M-REF

20-REF

ANTn_Q0

ANTn_Q1

ANTn_Q2

ANTn_Q3

ANT0_Qx

ANT1_Qx

ANT63_Qx

2G-REF

2G-REF20-REF

125M-REF

5M-REF

25M-REF

OPTICAL-HIREF

OPTICAL-LOREF

CMB

OPTICAL_DATA

M12
MZ MOD

1

2

3



X2
MULTYTO

VCO ASSEMBLY 27-33 GHz

VCO ASSEMBLY  34-52 GHz

Coarse
Tuning

Level set

YTO
Coarse
Tuning

Level set

SP9T SWITCH
WR22 WG

X2
MULT

X3
MULT

SP10T SWITCH
    COAX

WARM MULTIPLIER ASSEMBLY, type 1

WARM MULTIPLIER ASSEMBLY, type 2

WARM MULTIPLIER ASSEMBLY, type 3

1 required
band 1

6 required
bands 2...7

3 required
bands 8..10

PWR
DIV

MULT
CHAIN:
  xN

SP10T SWITCH
    OPTICAL

PWR
DIV

DDS
ASSEMBLY

20-40 MHz
PLL IF

20-40 MHz

H(s)

Fine Tuning

Fine Tuning

CONTROL
  LOGIC

FIRST LO CONTROLLER
...

...
...

...
...

...

PWR
DIV

MULT
CHAIN:
  xN

PWR
DIV

MULT
CHAIN:
  xN

MULT
CHAIN:
  xN

DEWAR
WALL

COLD MULTIPLIER ASSEMBLIES
Separate for each band

Band  Driver       N   Output

 1       27.3-33      1   27.3-33
 2       79-94         1   79-94
 3       96-104       2    96-104
 4       68.5-75.5   2   137-151
 5       87.5-99.5   2   175-199
 6       74.3-87.6   3   223-263
 7       71.7-89.5   4   287-358
 8       99.2-122    4   397-488
 9       102.3-118  6   614-708
10     99.8-117.3  8   799-938

Band 1

Band 2

Bands
3-7

Bands
8-10

MODULES WARM MULTIPLIER ASSEMBLIES
Separate for each band

Note 2:  Band 3 LO assumes SIS mixer option.

Note 1:  Band 2 LO assumes alternate single-conversion
scheme requiring high-side LO at 79-94 GHz, with DSB
operation at low end and LSB at high end.

[Note 1]

[Note 2]

control signals
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MIXER 1

MIXER 2

MIXER 1

MIXER 2

MIXER 1

MIXER 2

MIXER 1

MIXER 2

AMB

REF20

REF125M

OPT-HIREF

R4 VAR ATTN
A2

RF AMP

1 2

R2 VAR ATTN

D1

PHOTODIODE

U4
COUPLER

1 2

3

M2

MIXER

1

2

3

D2

PHOTODIODE

A1

RF AMP

1 2

M4

MIXER

1

2

3

D3

PHOTODIODE

U12
COUPLER

1 2

3

A3

RF AMP

1 2

A4

RF AMP

12

M3
PHASE DET

1

2

3

M1

MIXER

1

2

3

U2
COUPLER

1 2

3



H
MASER

CENTRAL
REFERENCE
GENERATOR

MASTER
LASER

SLAVE
LASER

OPT
1:8
PWR 
DIV

Fiber Amplifiers
(one of 8)

OPT
1:8
PWR 
DIV

LINE
STRETCHER

PHOTO
DET

25 MHz

LOOP
FILTER

OPT
1:64
PWR 
DIV

1ST LO REFERENCE:
27-122 GHz as carrier difference,
~10mW/carrier,
tunable in steps of 15 to 60 MHz.
2000 MHz as intensity mod.

ONE PER ANTENNA

~200 mW

LASER
PHASE
LOCK

f1 = 8.62 to 11.08 GHz
5 MHz steps

SYNTHESIZER
OPT
1:64
PWR 
DIV

SUM LASER LOW FREQUENCY REFERENCES:
25 MHz and 20 Hz,
intensity modulated.

frequency
command

difference = N*f1 + 25MHz,
N=3,...,12

LO DETAILS -- CENTRAL

ONE PER SUBARRAY

Any or all antennas may be in main
subarray.  Maximum of 8 antennas in each
secondary subarray.

Other refs as reqd

OPT
N:1
SWITCH

MON &
CONTROL

Subarray
selectionSUBARRY 0 (main)

Fiber Amplifier

OPT
1:8
PWR 
DIV

~200 mW OPT
1:8
SWITCH

SUBARRYS 1 thru N-1 (secondary)
1 of 64

1 of 64

PARTS COUNT FOR N SUBARRAYS

Maser laser                  1
MZ modulator (2 GHz)         1 
Slave laser                  N
Synthesizer (8-11 GHz)       N
Laser phase lock assy        N
EDFA                        8 + N - 1
Opt pwr divider 1:8         9 + N - 1
Opt pwr divider 1:64         2
Opt pwr divider 1:N          1
Optical switch 1:8          8*(N - 1)
Optical switch N:1           64

OPT
1:N
PWR
DIV

(one of 8)

(one of 8)

1 of 64

Total of N*64 optical 
outputs from subarray 
blocks to 64 antenna
blocks.

OPT
1:N+1
PWR DIV

to RT correction splitter

from unmodulated master
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125M-REF1

5M-REF1

20-REF1

2G-REF1

25M-REF1

5M-REF1

25M-REF1

20-REF1

25M-REF1

2G-REF1

25M-REF1

OPTICAL-HIREF

OPTICAL-LOREF

AMB

AMB

AMB

M9

M-Z MOD

1

2

3

A10

EDFA

1 2

M10
PH DET

1

2

3

U40

OPTICAL CIRC

1 2

A10

EDFA

1 2



BPFs BPFs

2-4

4-8

8-

2-4

12

2-4
8-

2-4

4-8

12

IMPORTANT DETAILS NOT SHOWN:
1.  Square law detectors required for each IF input signal (4-12 GHz) and each BB output signal (2-4 GHz).
2.  Gain must be adjustable via command from computer, resolution 1dB or less.

IF INPUTS:
4-12 GHz

BASEBAND OUTPUTS:
2-4 GHz

2x2
MATRIX
SWITCH

2x2
MATRIX
SWITCH

2x2
MATRIX
SWITCH

M/C
INT.

TOTAL
POWER
INT.

TIMING
CTRL

BPFs

Test Interferometer Note:  A special version of this module
for use in the TI will differ only in the output bandpass
filters.  Two will cover 1.6-2.4 GHz and the others will
cover 1.6-1.7 GHz, rather than 2-4 GHz.. ALMA09001Kx0002D  
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A17

RF AMP

1 2

M13
MIXER

1

2

3

M15
MIXER

1

2

3

M16
MIXER

1

2

3

M14
MIXER

1

2

3

A16

RF AMP

1 2

A14

RF AMP

1 2

A15

RF AMP

1 2IF1

IF2

LOA

LOB

LOC

LOD

BBD

BBB

BBC

BBA

AMB

TP-DATA

REF20



8.03 to 13.97 GHz
step 62.5 +-20 MHz

31 MHz nom

PHASE
 DET

YTO

DDS
20-40 MHz (approx)
nom 31 MHz

LEVEL
CONTROL

COARSE
TUNING
CONTROL

CONTROL
& MONITOR
INTERFACE

CAN bus connection

LPF
1 GHz

PRESCALE
& COUNT
FREQ

LOOP
FILTER

6-14 GHz

REQUIRED OUTPUT RANGE:
IF       Test Interf.      Prototype
4-8      6.4-9.8           8.0-10.0
8-12     11.4-13.6         12.0-14.0
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R7 VAR ATTN
U154
COUPLER

1 2

3

U155
COUPLER

1 2

3

M17
MXR

1

2

3

A18

RF AMP

1
2

OUT

REF125COMB

REF20

AMB

REF125M



OPTICAL
FREQ
SHIFTER

Unequal power
divider

80%

10%

10%

AMBIGUITY
RESOLVER

DEMODULATE

X5

Ambiguity resolution is accomplished by capturing
each signal on the next positive zero crossing of
the next faster signal, using fast flip-flops. 
This transfers the phase stability of the fastest
signal to the others.  It requires an initial
timing adjustment and then stability better than
about 20% of the period of the next faster
signal.

COMB GEN
and
PLL
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20 Hz

25 MHz

2 GHz

REF25M

U32

ISOLATOR

1 2 D2

PHOTODIODE

D3

PHOTODIODE

U33

2000/200 MHz

1 2

A10

RF AMP

1 2
OPT_HIREF

OPT_LOWREF

REF2G

REFCOMB

REF20

REF125M

REF25M

OPT_HIREF_OUT


