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Power: 100W,  (allow 2.25A @ 54.2 VDC) 

ITU CH 43

ITU CH 41

ITU CH 39

ITU CH 37

ITU CH 35

ITU CH 33

ITU CH 31

ITU CH 29

ITU CH 27

ITU CH 25

ITU CH 23

ITU CH 21
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C1

B0

B1

D1

C0

A2

C2

D0

B2

D2

MIB

MIB

MIB

MIB

P301-1 - LO/IF Power Supply
2W Module (1.5S/0.5HS)

MIB

IN + IN
-
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U
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O
U

T
-

IN + IN
-

O
U

T+

O
U

T
-

IN + IN
-

O
U

T+

O
U

T-

IN + IN
-

O
U

T+

O
U

T
-

+7.5 VDC +17.5 VDC -17.5 VDC - 7.5 VDC

-48 VDC

128MHz

Q

Q

SET

CLRD

MC10EP32

PECL Driver
MC100EP16VA PECL

Sync Out

PECL

PECL

LVTTL

1:3

1:2

TP

TP

PECL

PECL

Sync Out

TTL Lock Indicator - DB50
(Green LED in backshell)

TP

TO L305 MIB

20Hz

DIST 1:
T304 (B-C)
T305 (B-C)

DIST 2:
L301(1-2)  
L305
T301  M301

DIST 1:
T304D T305D
L302-4 M304-2
DIST 2:
L302(2-3) L300
M304-1
DIST 3:
T302 T304A
T305A L302-1 L304

DC Power: 30W,  (allow 0.8A @ 54.2 VDC) 

DC Power: 10W,  
(allow 0.4A @ 54.2 VDC) 

M304-1 Module ID Memory
2W Module
Provides Slot IDs and IP Addresses to MIB’s 
L302 (1), T305 (A), M301, L304, L305, 
L301(both) 

Power: 1W,  (allow 0.02A @ 54.2 VDC)

M304-3 Module ID Memory
2W Module
Provides Slot IDs and IP Addresses to MIB’s 
P302, F317(all), F320(all), M302

Power: 1W,  (allow 0.02A @ 54.2 VDC)

LO/IF Rack 
Switches

TEMP
SENSE

(4)

TEMP
SENSE

(4)

TEMP
SENSE

CISCO Fiber 
Ethernet Switch

(1x1Gb, 48x100Mb)

MCB Rack
(Shielded Enclosure)-48 VDC

Fiber Optic Patch Panel to MIB’s
and Data Ports

20 Hz
RS422

20 Hz
RS422

DIST 1:
F301   F307
F302   F308
F303   F309
F304   F310
F305   T303
F306   F317 (x2)

F320   M302
M304-3

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

Down Conv Input Power
L-Band:   -44 dBm/GHz
S-Band:   -45 dBm/GHz
C-Band:   -44 dBm/GHz
X-Band:   -49 dBm/GHz (ref)
Ku-Band: -47 dBm/GHz
K-Band:   -48 dBm/GHz
Ka-Band: -47 dBm/GHz
Q-Band:   -47 dBm/GHz

8-12 GHz
7.5-12.5 GHz

+13 dBm +/- 0.5 

Q BAND Primary LO

K BAND Primary LO
Ka BAND Primary LO

UX Converter LO-1

S7
FS
2
3
4

FS
2
3
4

4
3
2
FS

LSC L1 2
3
4

X L1

UX L1

FS

UX L2

X L2

X R1 TO S3-1

X R2 TO S4-1

X L1 TO S3-2

X L2 TO S4-2

FS
2
3
4

Spare
UX R1

X R1 FS
2
3
4

LSC R1

LSC L1 to T304-C 
via S3-2

Transfer Switches
S5 & S6 Shown in Default or 
Non-Energized Position

FS
2
3
4

FS
2
3
4

Spare
C-Band

L-Band
S-Band

Spare
C-Band

L-Band
S-Band

S4-1

Spare
UX R2

X R2 FS
2
3
4

LSC R2

S7 in UX Converter 

50 Ohm

Spare

FS
2
3
4

UX Converter LO-2

50 Ohm
FS
2
3
4

Spare
LSC Converter LO-2

S2-1

S2-2

Timing from 
L305

UTILITY RACK

CS

L302-2  10.8-14.8 GHz Synthesizer   3W Module (2S/1HS) Power: 50W,  (allow 1.2A @ 54.2 VDC) 

L302-3  10.8-14.8 GHz Synthesizer   3W Module (2S/1HS)

L302-4  10.8-14.8 GHz Synthesizer   3W Module (2S/1HS)

CS

CS

CS

CS

CS

L300 Synthesizer Reference Generator
2W Module

128 MHz
0 dBm

512 MHz
0 dBm

Comb

Comb

2048 MHz

4096 MHz 512MHz Comb to L301-1
512MHz Comb to L301-2

128MHz Comb to L302-A
128MHz Comb to L302-B
128MHz Comb to L302-C
128MHz Comb to L302-D

1024 MHz

TC

EC

LAKM

EC

GP

EC

KM

KM

KM

KM

DG

DG

DG

DG

IN
FPGA

PLL Lock

JJ

JJ

JJ

WK

TC

PL PL

ACU/FRM Box  

Power: 1W,  (allow 0.02A @ 54.2 VDC)

WK WK WK

LO Input from 
L301-1 via S8

512 MHz and 
Sync Pulse
-26.5dBm
(+1/-3dB)

128MHz Comb

512MHz Comb

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

48VDC to
120VAC

5GHz

5GHz

5GHz

5GHz

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

1dB

3dB

3dB

3dB

128/512 MHz VCXO

128 MHz

2dB

10dB

10dB

PECL Driver
MC100EP16VA

MIB SPI

4.096 GHz to D301-4 (-13 dBm +/-1dB)
(subject to change with 3-bit digitizer design)

512 MHz

IF-C*

IF-D*

IF-A*

IF-B*

* IF Channel names valid only with transfer 
switches in default positions as shown

LCP 
Input

+7dBm

+7dBm

Inputs from 
T304

Modules

Inputs from 
T304

Modules

Inputs from 
T304

Modules

IF-D 
outputs to 

DTS

IF-B 
outputs to 

DTS

IF-A 
outputs to 

DTS

Direct Path (K,Ka,Q Bands)

LO-1 Converted Path
(Ku Band)

LO-2 Converted Path
(Ku,K,Ka,Q  Bands)

Direct Path (K,Ka,Q Bands)

LO-1 Converted Path 
(Ku Band)

LO-2 Converted Path 
(Ku,K,Ka,Q  Bands)

24-28 GHz
+13 dBm

Power: 20W,  (allow 0.5A @ 54.2 VDC) 

2-4 GHz

2-4 GHz

2-4 GHz

2-4 GHz

From L305

From M301

From M301

Media 
Conv. VOIP

100BaseT

Vertex Rm Analog Phone
Ped Rm Analog Phone

Power: 1W,  (allow 0.02A @ 54.2 VDC)

TC

DG

48.0-58.5 GHz

Fire Alarm
Power

128 MHz to L301 (0 dBm +/-2dB)

MIB ACU/FRM INTM304-4
Slot ID

WK
DW

DAC

DAC

50 Ohm

1-2 Total Pwr

2-4 Total Pwr

1-2 Total Pwr

2-4 Total Pwr

1-2 Total Pwr

2-4 Total Pwr

1-2 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

XLP

Spare 1X

1024MHz
Notch

1070-
1450MHz

1024MHz
Notch

1070-
1450MHz

13

13

3dB

2dB

50 O
hm

50 O
hm

2dB

13

13

2dB

2dB

13

13

2dB

20dB

50 Ohm

50 Ohm

20dB

50 Ohm

50 Ohm

3dB

2dBSolar Attenuator Assy A2

NC1

50 Ohm

23dB

3 dB

17dB

3 dB

230-470 MHz

NC2

50 Ohm

23dB

3 dB

17dB

3 dB

230-470 MHz

4 Band 
Dipoles

NC3

50 Ohm

23dB

3 dB

17dB

3 dB

50-80 MHz

NC4

50 Ohm

23dB

3 dB

17dB

3 dB

50-80 MHz

P-Band

4-Band

Spare 1

Spare 2

Spare 1Y
Spare 2Y

Spare 2X

Noise
NC1

NC8

YLP

50 O
hm

50 O
hm

50 O
hm

50 O
hm

IN1X

IN1Y

IN2X

IN2Y

SpareX

SpareY

Gain=1

Gain=1

3-6dB

25

-33dBm

-10.5dBm

Future – Not Currently Installed

10 GHz
HP

8 GHz
LP

8 GHz
LP

8 GHz
LP

8 GHz
LP

15

3dB

15

Switchable
Solar

Attenuator

15

3dB

10 GHz
HP

50 Ohm

50 O
hm

50 O
hm

50 O
hm

50 O
hm

-33 dBm

-33 dBm

24-28 GHz
+13 dBm

50 O
hm

50
 O
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7dB

7dB

7dB

7dB

W
V

R
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WK

Water Vapor Radiometer
(Future)

F318

MIB Analog
Monitor

FPGA

CMIB

8-bit Sampler A

FPGA8-bit Sampler B

1.024 GHz 0dBm

128 MHz 0dBm

SFP+
Transceiver

VLITE 10 Gb/s
Ethernet 
Fiber Pair

1.024 GHz to D306 (0 dBm)

New for VLITE

New
 for VLITE

New for VLITE

MR

WK

MIB Analog
Monitor

FPGAMIB Analog
Monitor

FPGA

MIB Analog
Monitor

FPGA

MIB Analog
Monitor

FPGA

DTS Timecode to D306

New for VLITE

Fiber Rec DTS Timecode

Power
Supply -48VDC

Changes made 18 Oct 2013, JJ :
- Added D306 VLITE Module
- Added Optical Splitter for D306 Timecode
- Added Splitter to L300 for 1.024 GHz Clock to D306
- Added Splitters to Low Band Receiver Output for D306
- Removed F14 Modules (no longer needed)
- Modified F320 for Low Band Receiver Control (renamed F318)
- General drawing cleanup
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D306 – VLITE Module – Mounted in Utility Rack
3W Module 

T303 - UX Converter 

T301 - 4P Converter
2W Module (2S) 

T301 Converter Deck Assy A1

T301 Converter Deck Assy A1

D305
Optical

Mux

T304/T305 - Downconverter B RCP
3W + 2W Modules

T304/T305 - Downconverter A RCP
3W + 2W Modules

T304/T305 - Downconverter D LCP
3W + 2W Modules

T302- LSC Converter
2W Module (2S) 

T304/305 - Downconverter C LCP
3W + 2W Modules 

LO-1 from L302-1

LO-2 from L302-3

5 GHz
+25

Opt Filter Port

5 GHz

IF-C 
outputs to 

DTS
+13.5

Power: 25W,  (allow 1A @ 54.2 VDC) 

1024-2048 MHz

2048-4096 MHz

2048-4096 MHz

MIB
M&C 
Board

TP 
Digitzer20 Hz

RS422 CLOCK

+27

2dB 1dB

1dB

+25

2dB

+12.5

1dB

+12.5

2dB

+12.5

4096 MHz 
0 dBm

1-2GHz

5dB 1dB

Opt. Filter Port

TO S1-1

VLA Expansion Project
Antenna Electronics

Block Diagram (w/ VLITE)
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+25
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COOLED

Ka 
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Feed

F309 - Ka-Band (26-40 GHz ) Front End

+35
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Ka-BAND LO from 
L301-1 via S7/S8
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F308 - K-Band (18-26 GHz) Front End

K Band 
Feed

+35

+35

K-BAND LO from 
L301-1 via S7/S8
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F306 - X-Band (8-12 GHz) Front End
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Feed
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C Band 
Feed

+35

+35

3.8-8.2 GHz
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F318 - Low Band Receiver & 
Water Vapor Radiometer Cont.

S5

7.5-12.5 GHz

7.5-12.5 GHz

7.5-12.5 GHz

Q
Ka
K

Ku

S1-2

S3-2

S4-2

S3-1

TO S1-1

(-37dBm nom)
8-bit Sampler C0

3-bit Sampler C1

3-bit Sampler C2

(-37dBm nom)
8-bit Sampler D0

3-bit Sampler D1

3-bit Sampler D2

(-37dBm nom)
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3-bit Sampler A1

3-bit Sampler A2

(-37dBm nom)
8-bit Sampler B0

3-bit Sampler B1

3-bit Sampler B2

X3

+25

+25

L304 - LO/Ref 
Receiver
2W Module (2S)

LO/Ref
Fiber

-5 dBm
(+/-2 dB)

L305 - Reference Generator and Distribution
3W Module (3S)

2.048 GHz to D301-4 (-17 dBm +/-1dB)

1.024 GHz to T301 (0 dBm)

512 MHz to L300 
(0 dBm +/-1dB)

128 MHz to D301-4
(2 dBm +/-1dB)

20 Hz to L302 (4 Copies) - Twinax BNC

20 Hz to LO/IF Rack MIBs (3 Copies) - DB50

128 MHz to L300 (0 dBm +/-1dB)
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PHOTO
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Q-Band:   -41 dBm/12 GHz
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Q-Band:   -52 dBm/GHz
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F317 - Front End Controller
3W Module (3S)
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DTS Timecode to D301-D304
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Sampler/DTS Timecode

PLL

FPGA

Sync

20Hz

20Hz

128MHz

LVDS

10Hz

20Hz RS422

FIBER

Recovered Sync Signal

PECL Driver
MC100EP16VA

Powered from FE Rack - P302 Power Supply 1

Power: 12W,  (allow 0.4A @ 54.2 VDC) 

Power: 75W,  (allow 1.75A @ 54.2 VDC) 

Power: 25W,  (allow 0.6A @ 54.2 VDC) 

Power: 50W, (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

-39 dBm/GHz

-38 dBm/GHz

-39 dBm/GHz

Total UX Converter Gain = +12dB 

T304-A LO-2
T304-C LO-2

T304-B LO-1
T304-D LO-1

T304-D LO-2
T304-B LO-2

L302-1  
10.8-14.8 GHz Synthesizer
3W Module (2S/1HS)
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YIG
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DAC

R

DDS
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MIB SPI

20 Hz LVDS 10-64 MHz

I L

YIG

16Bit 
DAC
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Power: 50W,  (allow 1.2A @ 54.2 VDC) 

T304-A LO-1

T304-C LO-1

+13 dBm +/- 0.5 

LSC Converter LO-1

90o

Mounted in Custom Enclosure in Feed Cone

-10dB

Power

LVTTL MIB Sync Enable Signal

128 MHz to L302(0 to +/-2 dBm)

M303 - Vertex Room Utility 
Module
2W Module (2S)

+18
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7.8-12.2 GHz

7.8-12.2 GHz

-36 dBm/8GHz
-48 dBm/GHz

11.8-18.2 GHz

11.8-18.2 GHz

30.0-36.0 GHz

X2

30.0-36.0 GHz

X3

44.0-49.0 GHz

Noise

Noise

X3

44.0-49.0 GHz

+10

+10

Noise

Noise

Noise

Noise

Noise

Noise

M301 - Converter Interface
2W Module (2S)

Power: 10W,  (allow 0.25A @ 54.2 VDC)

SPI FIBER(s)

MOSI
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SCLK
CS0-6

SPI Bus to 
T301/T302

Power: 10W
(allow 0.25A @ 54.2 VDC)

P302 - FE / Converter Power Supply
2W Module (1.5S/0.5HS)
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DC Power: 30W,  (allow 0.8A @ 54.2 VDC) 
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Timecode
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LVTTL Lock Detect

M304-2  Module ID Memory
2W Module
Provides Slot IDs and IP Addresses to MIB’s 
L302 (2-4), T305 (B-D), P301(1-2) 

Power: 1W,  (allow 0.02A @ 54.2 VDC)

5%

95%

S6

20 H
z 

O
ptical 
rec’v

10 H
z 

O
ptical 

rec’v

20 H
z 

O
ptical 

X
-m

it

Optical 
X-Mit 20 Hz to FE Rack & Ped Room MIBsFIBER

20Hz Fiber to Pedestal Room MIB’s

128MHz 0dBm

Limiting
Amp

* *

* *

*

*

*

*

*

* New

Switchable
Solar

Attenuator

X4

4.096 GHz to T304 (0 dBm +/- 1dB)

MIB

Analog
Monitor

Analog
Monitor MIB

20 Hz RS422 MIB

DAQ2

LOGIC

DAQ1

DAQ1

MOSI
MISO
SCLK

CS

MOSI
MISO
SCLK

CS

DAQ1
SPI

CS

DAQ2
MOSI
MISO
SCLK
CS

UX Converter & Transfer Switches

Ku/K/Ka/Q Band Switches

Total Power 25

25Total Power

3dB

6dB

LCS Conv Output Power
4/P-Band: -38 dBm/GHz
L-Band:    -38 dBm/GHz
S-Band:    -39 dBm/GHz
C-Band:    -38 dBm/GHz

8-12 GHz

3dB

+14
3dB

6dB

6dB

6dB

6dB

LO-1 from L302-2

LO-2 from L302-4

5 GHz
+25

Opt Filter Port

5 GHz
+13.5

Power: 25W,  (allow 1A @ 54.2 VDC) 

1024-2048 MHz

2048-4096 MHz

2048-4096 MHz

MIB M&C 
Board

TP 
Digitzer20 Hz

RS422 CLOCK

+27

2dB 1dB

1dB

+25

2dB

+12.5

1dB

+12.5

2dB

+12.5

4096 MHz
0 dBm

1-2GHz

5dB 1dB

Opt Filter Port

LO-1 from L302-1

LO-2 from L302-3

5 GHz
+25

Opt Filter Port

5 GHz
+13.5

Power: 25W,  (allow 1A @ 54.2 VDC) 

1024-2048 MHz

2048-4096 MHz

2048-4096 MHz

MIB M&C 
Board

TP 
Digitzer20 Hz

RS422 CLOCK

+27

2dB 1dB

1dB

+25

2dB

+12.5

1dB

+12.5

2dB

+12.5

4096 MHz
0 dBm

1-2GHz

5dB 1dB

Opt Filter Port

LO-1 from L302-2

LO-2 from L302-4
5 GHz

+25

Opt Filter Port

5 GHz
+13.5

Power: 25W,  (allow 1A @ 54.2 VDC) 

1024-2048 MHz

2048-4096 MHz

2048-4096 MHz

MIB M&C 
Board

TP 
Digitzer

20 Hz
RS422 CLOCK

+27

2dB 1dB

1dB

+25

2dB

+12.5

1dB

+12.5

2dB

+12.5

4096 MHz
0 dBm

1-2GHz

5dB 1dB

Opt Filter Port

Pwr Det

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

DIGITAL

0-31dB

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

L301-1  12-20 GHz Synthesizer
F=N*512+/-128MHz
23<N<39
3W Module (2S/1HS)

YIG

DAC

128 MHz
0 dBm

Power: 35W,  (allow 1A @ 54.2 VDC) 

MIB SPI

L301-2  12-20 GHz Synthesizer
F=N*512+/-128MHz, 23<N<39
3W Module (2S/1HS)

Power: 35W,  (allow 1A @ 54.2 VDC) 

Fout=11.904 to 20.352 GHz

Mounted in LO/IF Rack

Mounted in LO/IF Rack

S8

S9

PLL
R

L
I

Pwr Det

+12 dBm +/-1 

48 Volt DC POWER SUPPLY SUBSYSTEM (In Pedestal Room C-Rack)
-48 VDC / 60A

POWER SUPPLY 

-48 VDC 40AH
Battery Tray

208/230V 
AC

48 VDC to 
Vertex Room

M302
Utility Module
2W Module  

50 A

Fire Alarm
Shunt Trip
Contactor

+
+

+

-

-

+

- -

Temp

D304
Sampler/DTS 4

DTS Module

D301
Sampler/DTS 1

DTS Module

D302
Sampler/DTS 2

DTS Module

IF Data Transmission Fiber
(12 x 10 Gb/Sec Optical Links)
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SamplerDTS 3

DTS Module

8-
bi

t S
am

pl
er

 C
1-

2 
G

H
z 

in
pu

t
2.

04
8 

G
Hz

 C
lo

ck

D
e-

m
ul

tip
l e

xe
r

64
  b

its
 w

id
e

3 
x 

12
8 

bi
t

IF
 D

at
a

Fo
rm

at
te

rs

IL
M

IL
M

IL
M

D
e-

m
ul

tip
le

xe
r

3-
bi

t S
am

pl
er

 C
1

2-
4 

G
H z

 in
pu

t
4 

G
H

z 
Cl

oc
k

3-
bi

t S
am

pl
er

 C
2

2-
4 

G
H

z 
in

pu
t

4.
09

6 
G

Hz
 C

lo
ck

De
-m

ul
tip

le
xe

r
48

  b
its

 w
id

e

8-
bi

t S
am

pl
er

 D
1-

2 
G

H
z 

in
pu

t
2.

04
8 

G
Hz

 C
lo

ck

D
e-

m
ul

tip
l e

xe
r

64
  b

its
 w

id
e

3 
x 

12
8 

bi
t

IF
 D

at
a

Fo
rm

at
te

rs

IL
M

IL
M

IL
M

D
e-

m
ul

tip
le

xe
r

3-
bi

t S
am

pl
er

 D
1

2-
4 

G
H

z 
in

pu
t

4 
G

H
z 

Cl
oc

k
3-

bi
t S

am
pl

er
 D

2
2-

4 
G

Hz
 in

pu
t

4.
09

6 
G

Hz
 C

lo
ck

De
-m

ul
tip

le
xe

r
48

  b
its

 w
id

e

Inputs from
T304

Modules

Power Supply
PCB48 VDC

Power Supply
PCB48 VDC

Power Supply
PCB48 VDC

Power Supply
PCB48 VDC

SAMPLER / DTS
In Utility RACK

Timing & 
PWR 

Control
128 MHz +2 dBm

2.048 GHz -17dBm

4.096 GHz -13dBm

Timecode Fiber

Timing & 
PWR 

Control
128 MHz +2dBm

2.048 GHz -17dBm

4.096 GHz -13dBm

Timecode Fiber

Timing & 
PWR 

Control
128 MHz +2dBm

2.048 GHz -17dBm

4.096 GHz -13dBm

Timecode Fiber

Timing & 
PWR 

Control
128 MHz +2dBm

2.048 GHz -17dBm

4.096 GHz -13dBm

Timecode Fiber

Power: 100W,  (allow 2.25A @ 54.2 VDC) 

Power: 100W,  (allow 2.25A @ 54.2 VDC) 

Power: 100W,  (allow 2.25A @ 54.2 VDC) 

ITU CH 43

ITU CH 41

ITU CH 39

ITU CH 37

ITU CH 35

ITU CH 33

ITU CH 31

ITU CH 29

ITU CH 27

ITU CH 25

ITU CH 23

ITU CH 21

A0

A1

C1

B0

B1

D1

C0

A2

C2

D0

B2

D2

MIB

MIB

MIB

MIB

P301-1 - LO/IF Power Supply
2W Module (1.5S/0.5HS)

MIB

IN + IN
-

O
U

T+

O
U

T
-

IN + IN
-

O
U

T+

O
U

T
-

IN + IN
-

O
U

T+

O
U

T-

IN + IN
-

O
U

T+

O
U

T
-

+7.5 VDC +17.5 VDC -17.5 VDC - 7.5 VDC

-48 VDC

128MHz

Q

Q

SET

CLRD

MC10EP32

PECL Driver
MC100EP16VA PECL

Sync Out

PECL

PECL

LVTTL

1:3

1:2

TP

TP

PECL

PECL

Sync Out

TTL Lock Indicator - DB50
(Green LED in backshell)

TP

TO L305 MIB

20Hz

DIST 1:
T304 (B-C)
T305 (B-C)

DIST 2:
L301(1-2)  
L305
T301  M301

DIST 1:
T304D T305D
L302-4 M304-2
DIST 2:
L302(2-3) L300
M304-1
DIST 3:
T302 T304A
T305A L302-1 L304

DC Power: 30W,  (allow 0.8A @ 54.2 VDC) 

DC Power: 10W,  
(allow 0.4A @ 54.2 VDC) 

M304-1 Module ID Memory
2W Module
Provides Slot IDs and IP Addresses to MIB’s 
L302 (1), T305 (A), M301, L304, L305, 
L301(both) 

Power: 1W,  (allow 0.02A @ 54.2 VDC)

M304-3 Module ID Memory
2W Module
Provides Slot IDs and IP Addresses to MIB’s 
P302, F317(all), F320(all), M302

Power: 1W,  (allow 0.02A @ 54.2 VDC)

LO/IF Rack 
Switches

TEMP
SENSE

(4)

TEMP
SENSE

(4)

TEMP
SENSE

CISCO Fiber 
Ethernet Switch

(1x1Gb, 48x100Mb)

MCB Rack
(Shielded Enclosure)-48 VDC

Fiber Optic Patch Panel to MIB’s
and Data Ports

20 Hz
RS422

20 Hz
RS422

DIST 1:
F301   F307
F302   F308
F303   F309
F304   F310
F305   T303
F306   F317 (x2)

F320   M302
M304-3

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

DIGITAL

Gain EQ

Down Conv Input Power
L-Band:   -44 dBm/GHz
S-Band:   -45 dBm/GHz
C-Band:   -44 dBm/GHz
X-Band:   -49 dBm/GHz (ref)
Ku-Band: -47 dBm/GHz
K-Band:   -48 dBm/GHz
Ka-Band: -47 dBm/GHz
Q-Band:   -47 dBm/GHz

8-12 GHz
7.5-12.5 GHz

+13 dBm +/- 0.5 

Q BAND Primary LO

K BAND Primary LO
Ka BAND Primary LO

UX Converter LO-1

S7
FS
2
3
4

FS
2
3
4

4
3
2
FS

LSC L1 2
3
4

X L1

UX L1

FS

UX L2

X L2

X R1 TO S3-1

X R2 TO S4-1

X L1 TO S3-2

X L2 TO S4-2

FS
2
3
4

Spare
UX R1

X R1 FS
2
3
4

LSC R1

LSC L1 to T304-C 
via S3-2

Transfer Switches
S5 & S6 Shown in Default or 
Non-Energized Position

FS
2
3
4

FS
2
3
4

Spare
C-Band

L-Band
S-Band

Spare
C-Band

L-Band
S-Band

S4-1

Spare
UX R2

X R2 FS
2
3
4

LSC R2

S7 in UX Converter 

50 Ohm

Spare

FS
2
3
4

UX Converter LO-2

50 Ohm
FS
2
3
4

Spare
LSC Converter LO-2

S2-1

S2-2

Timing from 
L305

UTILITY RACK

CS

L302-2  10.8-14.8 GHz Synthesizer   3W Module (2S/1HS) Power: 50W,  (allow 1.2A @ 54.2 VDC) 

L302-3  10.8-14.8 GHz Synthesizer   3W Module (2S/1HS)

L302-4  10.8-14.8 GHz Synthesizer   3W Module (2S/1HS)

CS

CS

CS

CS

CS

L300 Synthesizer Reference Generator
2W Module

128 MHz
0 dBm

512 MHz
0 dBm

Comb

Comb

2048 MHz

4096 MHz 512MHz Comb to L301-1
512MHz Comb to L301-2

128MHz Comb to L302-A
128MHz Comb to L302-B
128MHz Comb to L302-C
128MHz Comb to L302-D

1024 MHz

TC

EC

LAKM

EC

GP

EC

KM

KM

KM

KM

DG

DG

DG

DG

IN
FPGA

PLL Lock

JJ

JJ

JJ

WK

TC

PL PL

ACU/FRM Box  

Power: 1W,  (allow 0.02A @ 54.2 VDC)

WK WK WK

LO Input from 
L301-1 via S8

512 MHz and 
Sync Pulse
-26.5dBm
(+1/-3dB)

128MHz Comb

512MHz Comb

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

Power: 50W,  (allow 1.2A @ 54.2 VDC) 

48VDC to
120VAC

5GHz

5GHz

5GHz

5GHz

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

0dBm

1dB

3dB

3dB

3dB

128/512 MHz VCXO

128 MHz

2dB

10dB

10dB

PECL Driver
MC100EP16VA

MIB SPI

4.096 GHz to D301-4 (-13 dBm +/-1dB)
(subject to change with 3-bit digitizer design)

512 MHz

IF-C*

IF-D*

IF-A*

IF-B*

* IF Channel names valid only with transfer 
switches in default positions as shown

LCP 
Input

+7dBm

+7dBm

Inputs from 
T304

Modules

Inputs from 
T304

Modules

Inputs from 
T304

Modules

IF-D 
outputs to 

DTS

IF-B 
outputs to 

DTS

IF-A 
outputs to 

DTS

Direct Path (K,Ka,Q Bands)

LO-1 Converted Path
(Ku Band)

LO-2 Converted Path
(Ku,K,Ka,Q  Bands)

Direct Path (K,Ka,Q Bands)

LO-1 Converted Path 
(Ku Band)

LO-2 Converted Path 
(Ku,K,Ka,Q  Bands)

24-28 GHz
+13 dBm

Power: 20W,  (allow 0.5A @ 54.2 VDC) 

2-4 GHz

2-4 GHz

2-4 GHz

2-4 GHz

From L305

From M301

From M301

Media 
Conv. VOIP

100BaseT

Vertex Rm Analog Phone
Ped Rm Analog Phone

Power: 1W,  (allow 0.02A @ 54.2 VDC)

TC

DG

48.0-58.5 GHz

Fire Alarm
Power

128 MHz to L301 (0 dBm +/-2dB)

MIB ACU/FRM INTM304-4
Slot ID

WK
DW

DAC

DAC

50 Ohm

1-2 Total Pwr

2-4 Total Pwr

1-2 Total Pwr

2-4 Total Pwr

1-2 Total Pwr

2-4 Total Pwr

1-2 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

2-4 Total Pwr

XLP

Spare 1X

1024MHz
Notch

1070-
1450MHz

1024MHz
Notch

1070-
1450MHz

13

13

3dB

2dB

50 O
hm

50 O
hm

2dB

13

13

2dB

2dB

13

13

2dB

20dB

50 Ohm

50 Ohm

20dB

50 Ohm

50 Ohm

3dB

2dBSolar Attenuator Assy A2

NC1

50 Ohm

23dB

3 dB

17dB

3 dB

230-470 MHz

NC2

50 Ohm

23dB

3 dB

17dB

3 dB

230-470 MHz

4 Band 
Dipoles

NC3

50 Ohm

23dB

3 dB

17dB

3 dB

50-80 MHz

NC4

50 Ohm

23dB

3 dB

17dB

3 dB

50-80 MHz

P-Band

4-Band

Spare 1

Spare 2

Spare 1Y
Spare 2Y

Spare 2X

Noise
NC1

NC8

YLP
50 O

hm
50 O

hm
50 O

hm
50 O

hm

IN1X

IN1Y

IN2X

IN2Y

SpareX

SpareY

Gain=1

Gain=1

3-6dB

25

-33dBm

-10.5dBm

Future – Not Currently Installed

10 GHz
HP

8 GHz
LP

8 GHz
LP

8 GHz
LP

8 GHz
LP

15

3dB

15

Switchable
Solar

Attenuator

15

3dB

10 GHz
HP

50 Ohm

50 O
hm

50 O
hm

50 O
hm

50 O
hm

-33 dBm

-33 dBm

24-28 GHz
+13 dBm

50 O
hm

50
 O

hm

7dB

7dB

7dB

7dB

W
V

R
(F

ut
ur

e)

WK

Water Vapor Radiometer
(Future)

F318

MIB Analog
Monitor

FPGA

CMIB

8-bit Sampler A

FPGA8-bit Sampler B

1.024 GHz 0dBm

128 MHz 0dBm

SFP+
Transceiver

VLITE 10 Gb/s
Ethernet 
Fiber Pair

1.024 GHz to D306 (0 dBm)

New for VLITE

New
 for VLITE

New for VLITE

MR

WK

MIB Analog
Monitor

FPGAMIB Analog
Monitor

FPGA

MIB Analog
Monitor

FPGA

MIB Analog
Monitor

FPGA

DTS Timecode to D306

New for VLITE

Fiber Rec DTS Timecode

Power
Supply -48VDC

Changes made 18 Oct 2013, JJ :
- Added D306 VLITE Module
- Added Optical Splitter for D306 Timecode
- Added Splitter to L300 for 1.024 GHz Clock to D306
- Added Splitters to Low Band Receiver Output for D306
- Removed F14 Modules (no longer needed)
- Modified F320 for Low Band Receiver Control (renamed F318)
- General drawing cleanup

ADDING A COMMENSAL MODULE: 
VLITE BLOCK DIAGRAM



JVLA BROADBAND LOW FREQUENCY
RECEIVER

7

10 x
74 MHz 

6 x
330 MHz 

• NRL and NRAO co-designed a new wideband receiver 
in 2010 to replace legacy system

• Single 4 channel receiver near prime focus
• Populated 74 and 330 MHz channels
• First light in 2012, science operations in 2013

L
e
g
a
c
y

L
e
g
a
c
y

Commensal
(VLITE)



VLA LOW-BAND IONOSPHERE AND
TRANSIENT EXPERIMENT (VLITE)

• Correlates 330 MHz band for 10* VLA antennas

*Upgrade: 1.5 years (2016) to on-the-fly correlator capability
2.5 years (2017) from 10 to 16 antennas (working to 18)

VLITE-16 became operational in 07/22/2017

• Minimal impact on VLA infrastructure & operations 

• No impact on primary observer program resources

Clarke et al. (2016, 2018)

320<n<384 MHz Duchan = 100 kHz Dt = 2s

FoV ~ 12 square deg 5” < θ < 3’ 0.3 < σ < 10 mJy/bm

vlite.nrao.edu

Data rate: 2 GB/hr -> 5 GB/hr On-sky wall time: ~70% (actual)



THE POWER OF A LOW FREQUENCY
COMMENSAL SYSTEM: SKY COVERAGE

4 years: 1,412,910 scans (24,232 hr), 71,797 images (~16,730 hr)*

VLITE 48 month δ>-40�: ~93% to > 30 s, ~50% to > 36 m, ~25% to > 3 h

* Sky Survey (VCSS) 
time (~818 hr) not 
included  



VLITE 4 YEAR SOURCE DISTRIBUTION

• Over 4 year period, VLITE cataloged 2.1 million sources (non-unique)
• VLITE catalog generated in PyBDSF and information stored in SQL database



VLITE SLOW TRANSIENTS HUNTING

• Over 4 year period, VLITE cataloged 2.1 million sources (non-unique)
• VLITE catalog generated in PyBDSF and information stored in SQL database

Example: High mass X-ray binary outbursts from a bursting neutron 
star orbiting (26.496 day) a Be star. Source ~1º from image centers.



The Path to Fast Radio Bursts: FRBs

• Pulsars have been known since their discovery by Jocelyn Bell in 1967
• Lorimer et al. (2007) discovered a new type of (mostly) non-repeating fast burst

• Dispersion measure (DM) >> Galactic + scattering → extragalactic
• Thornton et al. (2013) identified multiple FRBs
• Many more FRBs detected since then

• FRB origins energetic phenomena, e.g.:
• Evaporating black holes (Barrau+2014)
• Magnetar flares (Popov & Postnov 2007)
• Cosmic strings (Yu+ 2014)
• (Super)giant pulses from pulsars / 

lensing (Cordes & Wasserman 2016, 
Cordes+ 2017)

• FRB importance includes:
• Measure IGM turbulence
• Probe of missing baryons and dark 

energy
• Probe intergalactic magnetic fields

Search for FRB is a two-pronged attack: large etendue, low-angular resolution efforts to 
collect many FRBs, and efforts to detect FRBs with low rates with interferometers.
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New Impetus: Low-frequency detection of FRBs

CHIME detection of 13 FRBs from 400 
MHz to 800 MHz (Nature, 01/09/2019)

- lack of scattering in some events 
suggest that can be detected < 400 MHz

New repeater detection reported in 
companion Nature paper (01/09/2019)

Localizations limited to ~30 arcminutes



VLITE-Fast – GPU based 
transient search

8.5s will elapse between the arrival of an FRB with a DM 
of 1000 at 360 MHz and the arrival at 320 MHz

Different technique compared to realfast, which is an 
imaging-based search.

CPU
• RFI 

monitoring
• Coincidence
• Trigger

Network 
Interface

Ring Buffer
(60s of 

baseband 
voltages)

GPU
• Channelization
• RFI Filtering
• Detection
• Bandpass 

normalization
• Polarization 

summing
• Time 

averaging

Ring Buffer
(dynamic 
spectra)

Disk (NFS)
• Offline FRB 

search
• Pulsar/RRAT 

search
• RFI/Data Quality

GPU
Transient Search 
in pulse width 
and dispersion

Candidates
Local SSD
(on trigger)

Offline FRB 
localization
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Typical VLITE-Fast data: PSR B0329+54
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Same data, now looking at transient candidates

Stars indicate candidates 
with common time + DM

Typical FRBs
live here
Channel-
smearing 
limit
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RFI Strikes

This is the big push now, to become robust to this RFI to avoid filling up disks with 
false positives. 
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VLITE-Fast Latest Status: 15 antennas!

• ms broadband interference composed of µs structure
• use temporal kurtosis filter remove contaminated data
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VLITE-Fast Latest Status: 15 antennas!
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VLITE-Fast Search for Chime Repeater

• CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast
• VLITE-Fast joined efforts to search at low frequency with some additional development
• No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that 

was ‘missing’ in VLASS and of possible interest (not faded, just extended)
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VLITE-Fast Search for Chime Repeater

• CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast
• VLITE-Fast joined efforts to search at low frequency with some additional development
• No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that 

was ‘missing’ in VLASS and of possible interest (not faded, just extended)

VLITE
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VLITE-Fast Search for Chime Repeater

• CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast
• VLITE-Fast joined efforts to search at low frequency with some additional development
• No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that 

was ‘missing’ in VLASS and of possible interest (not faded, just extended)

NVSS J042149+734107

VLITE

VLITE Commensal Sky
Survey (VCSS) 

57”x48”
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VLITE-Fast Search for Chime Repeater

• CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast
• VLITE-Fast joined efforts to search at low frequency with some additional development
• No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that 

was ‘missing’ in VLASS and of possible interest (not faded, just extended)

NVSS J042149+734107

VLITE

VLITE Commensal Sky
Survey (VCSS) 

NVSS J042149+734107

20”

57”x48”
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VLITE-Fast Detection Rate (1)

Contains intrinsic pulse width, scattering physics (uncertain host galaxy, 
distance); 16 antennas to use in coincidence.

Single VLITE Antenna:

!"#$ = 18.6 *"#$/ ,-./ Jy

2"#$ ≈ 100 Jy ms
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VLITE-Fast Detection Rate (2)

ASKAP Mean Spectral Shape: ! " ∝ "$%.' (Macquart et al. 2018)

ASKAP LogN-LogS: ( ) > 42 Jy ms = %2
345 675 )

$8.% (James et al. 2018)

ASKAP LogN-LogS: ( ) > 510 Jy ms = %2
345 675 )

$8.%@ 350 MHz

ASKAP LogN-LogS: ( ) > 100 Jy ms = <%=
345 675 )

$8.%@ 350 MHz

VLITE-FAST sees ~1/10000 of the sky.
• 1 FRB every 20 days (single antenna mode)

Factor of 4 from incoherent addition:
• 1 FRB every 4 days!

Need to run 400 MHz numbers based on new CHIME papers!
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VLA Configurations: Uniquely Identify Host Galaxy

D Config.: ~180”

C Config. (now): ~50”

B Config. (Feb 20, 2019)
~15”

A Config. (Aug 2, 2019)
~5”

With a bit of luck, VLITE could uniquely identify FRB host 
galaxies in B config.  

VLITE will definitely uniquely identify host galaxies of FRBs 
detected in A configuration.

C B

A
DSS

CHIME
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VLA Configurations: Uniquely Identify Host Galaxy

D Config.: 1.0 km / 200”

C Config. (now): 3.4 km / 60”

B Config. (Feb 20, 2019)
11.1 km / 18.5”

A Config. (Aug 2, 2019)
36.4 km / 5.6”

With a bit of luck, VLITE could uniquely identify FRB host 

galaxies in B config.  

VLITE will definitely uniquely identify host galaxies of FRBs 

detected in A configuration.

C B

A

DSS

CHIME
C B

A

DSS



• VLITE-16 more sensitive and more stable

• SRDPs from VLITE: calibrated uv data, images, and SQL database 
� Each VLITE source is matched to known catalogs at similar resolution

• Automated health diagnostics: rapid identification of issues that impact both 
VLITE and more broadly JVLA P-band

• VLITE-Fast goal is to be fully operational in B config. (Feb 20, 2019)
� Expect 6 to 30 FRB hosts in B config and nearly same for A
� Currently debugging system to get to 16 antenna operation

• Near future: development of the broadband LOw Band Observatory (LOBO)
• Further future: LOBO may combine with NRAO’s ngVLA and UNM’s eLWA

to become ngLOBO-low and ngLOBO-high (Taylor et al. 2017)

NRL encourages anyone interested in data to contact us. NRC postdoc 
opportunities at NRL with deadline Feb 1, May 1, August 1, November 1

SUMMARY AND LOOKING FORWARD


