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Buffer with high bandwidth
for 1 MOhm -> 50 Ohm

RF relay for input Z

RF relay driver
for input Z

50 Ohm resistive splitter/combiner
Output -6dB

RF relay for attenuator

RF relay driver
for attenuator

RF relay for splitting

RF relay driver
for splitting

RC freq for 50 Ohm * 1uF is ~3kHz,
so frequencies less than that will be filtered

Z~1.5 Ohm at 2 GHz
for CL05A105KA5NQNC

5V USB for front panel

BNC input

AC/DC coupling

FB and OUT
are connected
internally for
lowest input C

To input amps
on next sheet

I=10mA suggested
2.5V - 1.3V forward voltage drop = 1.2V
1.2V/120Ohm=10mA

Outsplit has extra impedance in parallel
to boost higher frequency components to outsplit
to account for losses in connectors and extra PCB traces

Chebyshev Lowpass Filter
2.8 GHz
5th-7th order
50 Ohm
0.5dB ripple

Chebyshev Lowpass Filter
0.7 GHz
5th-7th order
50 Ohm
0.5dB ripple

Preinput 1
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Subtract 2.5V/2 from DAC out

Buffer with high bandwidth

50 Ohm input
from previous sheet

Buffered DAC output
for DC offset

Single-ended to differential
amp with gain 4x

Variable gain amp
gain 0.5x to 20x

To ADC input B

2.5V ref voltage
from DAC, also
used on sheet 4
for channel 2

DAC output
0 to 2.5V

Buffered DAC output
-1.25 to 1.25V

Level shifter for SPI
Amp <-> FPGA
2.5V <-> 3.3V

SPI from FPGA

SPI to/from FPGA

Buffered DAC output
for DC offset

DAC output 2
is used on sheet 4
for channel 2

FB and OUT
are connected
internally for
lowest input C

SPI

Termination was 357 in datasheet
but 220 found to be better

Input amps 1
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RF relay for input Z RF relay for attenuator

AC/DC coupling

5V USB for front panel

To input amps
on next sheet

Nearly identical to preinput for channel 1,
except there's no split out

See comments on sheet 1 for details

Chebyshev Lowpass Filter
1.4 GHz
5th-7th order
50 Ohm
0.5dB ripple

Chebyshev Lowpass Filter
0.7 GHz
5th-7th order
50 Ohm
0.5dB ripple

Preinput 2
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Nearly identical to input amps for channel 1

See comments on sheet 2 for details

50 Ohm input
from previous sheet

To ADC input A

Note that we have to switch
P and N so we don't need vias...
just invert ADC A result

DAC is on sheet 2

We use DAC output 2
for this channel, and
also the 2.5V ref voltage

Input amps 2

SPI
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Filter for PLL bandwidth

SPI from FPGA

Status outputs to FPGA

50 MHz input clock
from FPGA

1.6 GHz differential
output clock to ADC

Unused
output B

GND pads for ADF4350

Clock
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Cyclone IV E left and right I/O banks support 
true LVDS transmitters, so use them for LVDS outputs

LVDS outputs and inputs for sync between boards

50 MHz clock for FPGA

50 Ohm external trigger input
(was BOARDIN4)

50 Ohm 1kHz / Aux output
(was DEBUGOUT10)

1kOhm 1kHz output for probe compensation

Extra clock input and output

2.5V inputs and outputs to/from
the FPGA for status monitoring
and control of things, etc.

2.5V outputs from
the FPGA for debugging, etc.

These go to LEDs for monitoring

3.3V outputs from
the FPGA for debugging, etc.

These go to LEDs for monitoring

For controlling front panel LEDs

LVDS receivers require an external 100 Ohm termination resistor
between the two signals at the input buffer

We use 0201 resistors that fit on the bottom of the board and connect
the vias under the FPGA for each LVDS input pair

For FPGA programming

Hard reset (reload firmware) and soft reset
(send reset signal to firmware) buttons

JTAG interface for FPGA programming

Flash for FPGA programming

Other FPGA IO
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USB C for 5V 2A input
and USB2 data IO

Pull downs to request USB power

FTDI FT232H does 8-bit data FIFO
to USB2 interface

8-bit data to/from 
FT232H FIFO <-> FPGA

To/from computer

Flash for FT232H config

12 MHz clock for USB

60 MHz clock goes to FPGA
and is used for data transmission

5V USB power
- see next sheet

Data output
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Make 5V from 12V in case USB C insufficient

Rbot = Rtop/(Vout-1)
=100k/(5-1) = ~25k

12V input, in case USB C insufficient

5V input, needed unless there is 12V input
Can also be taken from USB C of course

To FPGA to see if 12V connected.
Open-drain, so have to pull up to 2V5.

Detect if 12V is connected,
so we can disconnect from USB power

When 12V jack is connected, GNDBREAK pin
is not connected to GND anymore, and is then
pulled up to 5V (being generated by 12V)

When 12V jack is not connected,
GNDBREAK is conencted to GND

Connect USB-C power to 5V only if 12V not connected

If 12VConnected is high (5V), then switch is off
If 12VConnected is low (0V), then switch is on

From USB-C

Filter the incoming 5V

Power - 12V

Bleed caps
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V- for input amp reg ~ -3.0V

= 0.5 + grounded inputs

2V5+

2V5- 1

Rbot = Rtop/(Vout-1)
=100k/(3.0-1) = 50k

For 2V5+, take input from 3V3
Only ~300mA needed

2V5- 2

Need separate -2v5 supplies for inputs A and B because each needs more than 100mA
and each of these negative regulators can only make 200mA

Need + and - 2.5V for the amplifiers

Power - Amps
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V+ for FPGA reg ~ 1.5V

V+ for 2v5D reg ~ 2.8V

VFPGA25 = 2.5V

= 0.5 + grounded inputs

Rbot = Rtop/(Vout-1)
=100k/(2.8-1) = ~55k

Rbot = Rtop/(Vout-1)
=100k/(1.5-1) = 200k

= 0.5 + grounded inputs

1V2
for FPGA

Need some power for the FPGA

Power - FPGA
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Rbot = Rtop/(Vout-1)
=100k/(3.7-1) = ~37k

V for 1.9V reg ~ 2.2V

V for 1.1V reg ~ 1.5V

V for 3.3V reg ~ 3.7V

Enable after Power Good 1.9V

= 0.5 + grounded inputs

= 0.5 + grounded inputs

= 0.5 + grounded inputs

= 0.5 + grounded inputs

VLVDS = 1.9V1V9

1V1

3V3

Rbot = Rtop/(Vout-1)
=100k/(1.5-1) = 200k

Rbot = Rtop/(Vout-1)
=100k/(2.2-1) = ~83k

2A max current linear regs
with 180mV dropout at 2A

3A max current buck converters
take in 5V and put out voltages
for linear reg that follows

Need 3v3 plus 1v1 and 1v9 for the main ADC

Power - ADC
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FPGA power decoupling

ADC power filters, as recommended in datasheet

ADC power decoupling

These transfer power to actual FPGA voltage inputs

FPGA bank 8, for talking to FH232H, and some other IO

FPGA banks 1-7, for LVDS, and some other IO

Power filters
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Slow adc for temp monitoring

V across TDIODE, with 0.1mA is about
0.681 when ADC running with clock, 
0.731 when off

Gain=1+3/1=4

Gain=1+1/10=1.1

10kΩ 310uA 100mW ±1% 3380K ±1%
0603 NTC Thermistors ROHS

Buffer and amplify inputs before feeding to slow adc

Monitor the temp of the main ADC

Monitor the temp of the PCB near FPGA

PWM signal from FPGA
(was DEBUGOUT11)

PWM 5V power to fan

SPI output to FPGA

SPI input from FPGA

Temp monitoring
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Chebyshev Lowpass Filter
2.8 GHz
5th-7th order
50 Ohm
0.5dB ripple

Some extra things to put on
the board for testing only

Not connected to the rest of the system!

Testing


