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Abstract 

This design study provides a number of practical high level design options for a 
high speed FMC ADC board. Using the requirements published on 11DEC18, the 
available components are analysed, and a number of different design options 
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with parallel communication over the FMC LPC connector. This is shown to support 
the implementation of 2 channels. The different sampling rate options presented 
include 2 channel 1GS/s, 2GS/s on one channel only. An alternative high 
performance architecture using a local FPGA with internal buffer memory on the 
FMC ADC board is also presented, which supports 2 channels at up to 3.2GSPS. 

 

 

 

Sundance Multiprocessor Technology Ltd, Chiltern House, 
Waterside, Chesham, Bucks. HP5 1PS. 

This document is the property of CERN. 
© CERN 2019 

 

 

 



FMC ADC 1G Design Study Page 2 of 26  

 

Revision History 

 

Issue Changes Made Date Initials 

1 First release 20DEC18 SEC 

2 Minor corrections, added 12 bit assembly option 07JAN19 SEC 

3 Added local memory options and pcb area 
estimates 

15JAN19 SEC 

4 Minor corrections 20FEB19 DL & 
SEC 

 



FMC ADC 1G Design Study Page 3 of 26  

Table of Contents 

1 Foreword ......................................................................................................................... 5 

2 FMC Specification .......................................................................................................... 6 

2.1 FMC LPC Connector....................................................................................................... 7 

2.2 FMC PCB Component Space ...................................................................................... 10 

3 Analogue Signal Conditioning .................................................................................. 11 

3.1 Block Diagram .............................................................................................................. 11 

3.2 Input switching ............................................................................................................ 12 

3.3 Self Calibration............................................................................................................. 13 

3.4 Fixed Attenuator .......................................................................................................... 14 

3.5 High Impedance PCB Issues ...................................................................................... 14 

3.6 Offset .............................................................................................................................. 17 

3.7 Analogue Amplifier ..................................................................................................... 17 

4 Digital Signal Conditioning ....................................................................................... 19 

4.1 ADC Survey ................................................................................................................... 19 

4.2 Minimal Digital Option ............................................................................................... 21 

4.3 High Performance Digital Option ............................................................................ 23 

4.4 Local Memory Options ............................................................................................... 24 

4.5 PCB area estimates ...................................................................................................... 26 

 



FMC ADC 1G Design Study Page 4 of 26  

Table of Figures 

Figure 1: Analogue input signal conditioning ..................................................................... 11 

Figure 2: The Hook Effect ......................................................................................................... 15 

Figure 3: PCB Materials ............................................................................................................. 16 

Figure 4: JFET Low Noise Amplifier ....................................................................................... 18 

Figure 5: Digital block diagram for 2Ch@1GSPS and 1Ch@2GSPS ................................. 21 

Figure 6: Digital block diagram for 2Ch@3GSPS and 1Ch@6GSPS ................................. 23 

 

 



FMC ADC 1G Design Study Page 5 of 26  

 

1 Foreword 

 

This design study sets out to present a number of practical options as starting 
points to design and implement this FMC ADC. These are presented as high level 
designs with key components identified, and important design issues discussed. It 
does not attempt to present completed designs. The intention is to provide 
engineering options to allow senior management to make informed decisions. 

The design study is based on the requirements in the CERN specification below, 
which are copied directly from this web site: 

https://www.ohwr.org/projects/fmc-adc-1g8b2cha/wiki 

 

 

Parameter Value  

PCB format VITA 57.1 FMC LPC 

Connectors SMA 

Sampling Rate 1 GSPS (preferably 2GSPS) 

Input Signal Type single-ended 

Resolution  8 bits  

Number of Channels  2 (preferably 4) 

Bandwidth (-3dB) 
50Ω: DC to 400MHz (or better) 

1MΩ: DC to 300MHz (or better) 

Input Signal Coupling and Termination 

AC (8 Hz LF limit, after 50 Ω termination) 

DC-50Ω 

DC-1MΩ 

Input Signal Range 

+/- 50mV 

+/- 250mV 

+/- 500mV 

+/- 2.5V 

+/- 5V 

Max Input Signal Amplitude +/- 10V 

SNR > 40dB full bandwidth over all input ranges 

ENOB > 6.5 full bandwidth over all input ranges 

https://www.ohwr.org/projects/fmc-adc-1g8b2cha/wiki
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Offset Adjustment Range +/- 5V 

Offset Adjustment Resolution 16 bits 

Offset Adjustment Accuracy < 1% 

Additional I/O 
External TTL trigger in/out (bidirectional) 

External 10MHz clock input 

Self-calibration Automatic zeroing of offset and gain 

ADC interface  serial/parallel LVDS 

Temperature sensor via one-wire ds182x 

FMC EEPROM 24C02, as per VITA 57.1 

Power Consumption < 7W 

Notes:  

The following features should be controllable by software:  
o Input signal range, coupling, termination and offset adjustment 
o Self-calibration 
o Sampling clock selection 
o Direction of external trigger in/out 
o ADC configuration and status 

The offset adjustment must not clip the signal at the highest range (+/- 5V). That is why the 
"max input signal amplitude" has been specified as 10V, even though the selection of signal 
ranges only goes up to 5V. This way, a +10V pulse with -5V offset could still be digitised 
without clipping. 
 
The sampling clock should be derived from a voltage-controllable 125MHz clock source, 
controlled via an SPI DAC. 
 
A copy of the 125MHz clock source should be available on the FMC connector pins. 

 

 

 

2 FMC Specification 

 

The FMC specification is created by the VITA consortium and is defined in “VITA 
57”: https://www.vita.com/fmc. 

The FMC standard defines a mezzanine board, a carrier board, and a connector. The 
intention is for an FPGA to be located on the carrier, and communicate directly with 
I/O devices on the FMC board, using a user defined protocol.  

There are several existing FMC carrier boards at CERN. The two most popular ones 
are the SPEC and SVEC: 

https://www.ohwr.org/projects/spec 

https://www.ohwr.org/projects/svec 

https://www.vita.com/fmc
https://www.ohwr.org/projects/spec
https://www.ohwr.org/projects/svec
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The key parts of the FMC standard for this design study are the connector, and the 
pcb area available for components. Some familiarity with the FMC standard is 
assumed, while key areas relevant to this design study are described below: 

 

  

 

2.1 FMC LPC Connector 

 

There are 2 versions of the FMC connector: High and Low pin count (LPC). The 
project requirements specify the use of the LPC connector, which is defined with 
the following signals: 
 

Signal Positive Signal Negative Description 

VREF_A_M2C none Optional reference Voltage for LAxx from 
mezzanine 

PG_C2M none Power Good from carrier 

PRSNT_M2C_L none Mezzanine module present 

GBTCLK0_M2C_P GBTCLK0_M2C_N Multi-gigabit clock from mezzanine 

DP0_C2M_P DP0_C2M_N Multi-gigabit data pair from carrier 

DP0_M2C_P DP0_M2C_N Multi-gigabit data pair from mezzanine 

CLK0_C2M_P CLK0_C2M_N Clock from carrier to mezzanine 

CLK0_M2C_P CLK0_M2C_N Clock from mezzanine to carrier 

LA00_P_CC LA00_N_CC User defined, can be used as a clock 

LA01_P_CC LA01_N_CC User defined, can be used as a clock 

LA02_P to 
LA16_P 

LA02_N to 
LA16_N 

User defined, 15 pairs 

LA17_P_CC LA17_N_CC User defined, can be used as a clock 

LA18_P_CC LA18_N_CC User defined, can be used as a clock 

LA19_P to 
LA33_P 

LA19_N to 
LA33_N 

User defined, 15 pairs 

TCK, TDI, TDO, 
TMS, TRST_L 

none JTAG 

SCL, SDA none I2C 

GA0 to GA1 none I2C geographical address 

VADJ none Adjustable power from carrier 

3P3V none 3V3 power from carrier 

12P0V none 12V0 power from carrier 
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To summarise the signals of interest to this design study: 
 

1. 34 User defined data pairs, including 4 optional clock pairs. Each pair can 
be split into 2 single ended user defined signals. 

2. A dedicated data clock pair in each direction 
3. A single I2C bus 
4. A full duplex multi gigabit interface with dedicated clock 

In addition to passing the sampled data and associated clock, the design 
requirements specify that the following signals also have to be passed through 
the FMC connector: 
 

Signal Real 
Time 

Diff pair / 
Single 
ended 

Description 

Trigger 
in/out 

Yes Single TTL level external trigger. 

Trigger 
direction 

No Single Trigger direction control 

125MHz 
clock 

Yes Pair Reference clock for closed loop phase 
control  

SPI Clock Yes Single SPI clock  

SPI MOSI Yes Single SPI Master out slave in 

SPI MISO Yes Single SPI Master in slave out 

SPI A0-3 Yes Single SPI slave address (4 wires) 

Temp 
sensor 

No Single DS182x temp sensor 

 
Total requirement:  1 pair and 10 single ended 
 
These signals can be accommodated with 6 of the user defined pairs, leaving 28 
for the sampled data, out of the 34 available. This makes it impossible to use 
any ADC, or combination of ADCs, which must have 32 pairs for sampled data. 
 
Note that some devices do not have a SPI chip select and have a simple SPI clock 
and data input only. They require the SPI clock to be gated off when they are not 
addressed, with an external gate. 
 
The real time signals must be available for use during data sampling, so it is not 
possible to make the data sample signals dual use. 
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There are some complex options to leave 32 pairs free for sampled data, IF this 
is essential. Here are 2 possibilities: 
 
Option 1: 
 

1. Use 1 user defined pair for both Trigger in/out and Trigger direction 
because they are single ended CMOS/TTL. 

2. Use 1 user defined pair for the differential 125MHz clock 
3. Use the multi gigabit interface to indirectly implement the SPI bus in real 

time with a small FPGA. 
4. Put the temperature sensor on either the SPI or I2C bus 

 
To indirectly implement the SPI bus using the multi gigabit interface, a small 
dedicated FPGA is required with at least one SERDES lane. Possible candidate 
FPGAs are: 
 

1. M2GL010 from Microsemi 
2. XC6SLX25T from Xilinx 

 
Option 2: 
 

1. Use 1 user defined pair for both Trigger in/out and Trigger direction 
because they are single ended CMOS/TTL. 

2. Use the multi-gigabit clock GBTCLK0_M2C_P/N to transmit the 125MHz 
reference clock to the carrier. This relies on the carrier fpga being able to 
make this clock available internally. 

3. Use 1 user defined pair to implement the MOSI and MISO signals as they 
are single ended. 

4. Use the clock from carrier to mezzanine CLK0_C2M_P/N to transmit the 
SPI clock to the mezzanine. 

5. Use I2C to set the SPI address. At 100k bits/s, a SPI address update will 
take hundreds of microseconds.  

6. Put the temperature sensor on either the SPI or I2C bus 
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2.2 FMC PCB Component Space 

 

The single width mezzanine module dimensions are defined in the FMC standard 
with the drawing shown below: 

 

 

 

The 50mm width of the I/O area is critical in determining the channel to channel 
spacing. The width necessary for each SMA connector must also be considered. An 
SMA plug has a hexagonal screw on design which is typically 9.1mm at its widest 
point. If the SMA connectors are placed on a minimal 10mm pitch, it is only possible 
to fit 5 into the 50mm space. Since both an external clock and external trigger are 
required, the maximum number of ADC channels is constrained to 3. Note that a 
10mm pitch only allows the SMA plug to be tightened by hand. 

With 2 ADC channels, 4 SMA connectors are required, and they can be placed on a 
pitch of 12.5mm, which might allow the use of a small spanner to aid in tightening 
and releasing. 
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The requirement for a 1M Ohm input impedance, makes it mandatory to have each 
channel of the analogue signal conditioning completely shielded, to prevent cross 
talk. The channel pitch of this shielding will have to be close to the pitch of the SMA 
connectors, so this in turn defines the width of the analogue channel, after allowing 
for the thickness of the shielding solution. There are a number of COTS RF shields 
with a width of 12.7mm, and a wide variety of lengths, which should make shielding 
2 ADC channels straightforward. 

  

 

 

 

 

3 Analogue Signal Conditioning 

 

The analogue signal conditioning design is tightly constrained, so that only a single 
design option is presented, which can be used with all ADC and digital options. 

 

 

3.1 Block Diagram 

 

The block diagram below shows the proposed design of the analogue signal 
conditioning for one ADC input channel. 

 

FIXED

ATTENUATOR

x 1/10

1M Ohm IN

INST

AMP 10MHz

BW x1

5
0
R OFFSET

16BIT

DAC

LMH6518

-1.2 to +38.8dB

DVGA

FET

LNA

x1
S1

S2

S3

SMA IN

CALP
CALN

SPI

ADCN

ADCP

INPUT

400MHz +/-5V to +/-50mV FS

OUTPUT

870mVpp FS

20nF (8Hz)

S4

Notes: 

Protection devices not shown

Self calibration is always available

Max input signal amplitude +/-10V (signal +/-5V FS plus +/-5V Offset)

SWITCHED

ATTENUATOR

x 1, 1/10, 1/100
+/-1V

+/-10V +/-1V

 

 

Figure 1: Analogue input signal conditioning 
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3.2 Input switching 

 

Four switches are used to meet the requirement for 3 types of input termination, 
and to switch in the self calibration: 

 

1. S1 connects the incoming signal to the 1M Ohm input fixed attenutator. 

2. S2 connects the self calibration signal to the 1M Ohm input fixed attenutator. 

3. S3 connects the 50 Ohm termination directly across the input signal 

4. S4 shorts out the 20nF AC coupling capacitor, which gives a low frequency 
cut off of 8Hz with the 1M Ohm attenuator input impedance. 

 

The requirement limits the absolute maximum input voltage swing to +/-10V, made 
up of +/-5V signal plus +/-5V offset. This means there are 2 different technologies 
available to implement the switches: 

1. Photomos relay 

2. Series connected dual mosfets 

  

Photomos relay switch option 

Panasonic have recently improved the photomos relay with part number 
AQY221N3T: 

https://na.industrial.panasonic.com/products/relays-contactors/semiconductor-
relays/photomos-relays/series/photomos-rf-vssop-1-form-
cxr5/2496/model/AQY221N3TW 

 

Key characteristics are: 

Load Volts  25V 

Load current  150mA 

Capacitance  1.1pF 

On resistance 5.5 to 7.5 Ohms 

Package  VSSOP (4.6mm sq) 

 

The on resistance is slightly temperature dependent, but this has no effect for 
switches 1,2,4 because of the 1M Ohm input impedance of the input attenuator. The 
effect can only be seen at switch 3, as it will vary the impedance of the 50 Ohm 
terminator. By using a 43.5 Ohm resistor, the addition of the photomos relay will 
give a termination resistance of between 49 and 51 Ohms. 

 

The capacitance of 1.1pF behaves as a short across the switch when off. At 400MHz, 
this looks like an impedance of 362 Ohms. For S4 this has no effect as it is in 
parallel with 20nF. For S2 it can be ignored, because the self cal signal is turned off 

https://na.industrial.panasonic.com/products/relays-contactors/semiconductor-relays/photomos-relays/series/photomos-rf-vssop-1-form-cxr5/2496/model/AQY221N3TW
https://na.industrial.panasonic.com/products/relays-contactors/semiconductor-relays/photomos-relays/series/photomos-rf-vssop-1-form-cxr5/2496/model/AQY221N3TW
https://na.industrial.panasonic.com/products/relays-contactors/semiconductor-relays/photomos-relays/series/photomos-rf-vssop-1-form-cxr5/2496/model/AQY221N3TW
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during acquisition, so that the input to S2 is 0V. For S1 it can be ignored because 
with S1 off S2 is on, and the output impedance of the instrumentation amplifier is 
very low. Any high frequency leakage across S1 during calibration can be ignored in 
software by filtering. For S3 the off capacitance adds to the strays and other input 
capacitances. 

There is no requirement to limit the high impedance input capacitance, however a 
good high frequency oscilloscope (Tektronix TDS684 1GHz BW) has an input 
capacitance of 10pF, so user expectation should be met by not allowing the input 
capacitance to be much higher than this, which is a non trivial design aim. 

 

Dual Mosfet switch option 

A series connected dual N channel mosfet can be used as a switch by applying +15V 
to both gates to turn it on, and -15V to both gates to turn it off. The switch becomes 
less effective as the signal voltage approaches +/-15V, but in this case the signal is 
restricted to +/-10V, so this is a practical option. A high value resistor is connected 
in series with the gates, so capacitance to ground is only strays, since there is no 
capacitive path through the gates. 

The important characteristics are the output capacitance and the on resistance. The 
output capacitance of each mosfet appears in series, so when used as a switch, the 
switch off capacitance is about half the mosfet output capacitance. For instance to 
match the photomos capacitance of 1.1pF, the mosfets need an output capacitance 
(Coss) of 2.2pF or less. 

There are a number of mosfets with a Coss under 4pF typical, giving a switch 
capacitance below 2pF typical, which is acceptable. Here are some examples: 

1. Rohm part RU1C001UN, Coss 3.3pF, Rdson 3.5R, Vdss 20V, Id 100mA, SOT-
323FL / SC-85 

2. Nexperia part NX138AKS dual, Coss 2.3pF, Rdson 3.7R, Vdss 60V, ID 170mA, 
SOT363 / TSSOP6 

3. Nexperia part NX3030NAKS dual, Coss 2.3pF, Rdson 2.7R, Vdss 30V, ID 
180mA, SOT363 / TSSOP6 

4. Nexperia part NX7002AKS dual, Coss 3.4pF, Rdson 3R, Vdss 60V, ID 170mA, 
SOT363 / TSSOP6 

 

The dual mosfet package SOT363 / TSSOP6 has dimensions 1.3 x 1.35mm = 
1.755mm sq, which is significantly smaller than the 4.6mm sq of the photomos 
relay. This size advantage needs to be balanced with the disadvantage of having to 
provide +/-15V switching control. 

 

 

3.3 Self Calibration 

 

A single calibration signal generator controlled with SPI, can distribute a balanced 
calibration signal to all input channels using signals CALP, CALN. Each input 
channel receives these signals at an instrumentation amplifier which converts the 
balanced signal to single ended, to drive switch S2. A self calibration can be 
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performed at any time without having to disconnect the input cables, which is 
essential in many environments with restricted access. 

The calibration signal is distributed using a differential pair to ensure ground noise 
and offsets do not compromise the calibration. The instrumentation amplifier has a 
very high common mode input rejection, and converts the calibration signal to 
single ended using the local ground reference, which is very close to the external 
input signal ground reference at the SMA connector. The suggested amplifier is 
Analog part AD8130 which has 270MHz bandwidth, and 70dB CMRR at 10MHz. 

 

 

3.4 Fixed Attenuator 

 

The maximum input is +/-10V made up from the sum of +/-5V signal plus +/-5V 
offset. It is necessary to attenuate this signal by around a factor of 10, to prevent 
overload in the following amplifier. 

Any high impedance attenuator requires great attention to detail, and switching to a 
different attenuation ratio at high impedance greatly increases the design difficulty 
and risk, as well as requiring 4 extra switches. For this reason, the divide by 10 
attenuator is not switched, and is used for all input signal settings. This does 
increase the noise level for the smallest input signal range, however the requirement 
for better than 40dB SNR is met on all ranges. 

 

Attenuator design is well described in the following excellent reference: 

“Wideband Amplifiers” by Peter Staric and Erik Margan, published by Springer 
(2006). (Section 5.2) 

 

 

3.5 High Impedance PCB Issues 

 

There are 2 significant effects caused by FR4 type PCB when used at high impedance 
and high frequencies, which result in analogue signal distortion: 

 

1. Dielectric absorption 

2. The Hook effect, caused by the frequency dependency of dielectric 
absorption 

 

These are both explained in the following excellent reference: 

“Wideband Amplifiers” by Peter Staric and Erik Margan, published by Springer 
(2006). (Section 5.2) 
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The graph below is reproduced from Fig 5.2.11 in this reference, and shows the 
Hook effect caused by FR4 pcb material on a simple high impedance divide by 10 
attenuator: 

 

 

Figure 2: The Hook Effect 

This is a significant distortion of the incoming signal and steps must be taken to 
minimise the effect. The effect is reduced with a pcb material designed to minimise 
losses and absorption, and typically used for high frequency RF designs, however 
this costs more than FR4. An alternative approach is to build the attenuator on a 
suitable substrate, and mount this on the FR4 pcb as an assembly. It may be 
necessary to use both approaches, as these effects are not limited to the attenuator, 
but apply to all areas with 1M Ohm impedance. 
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There are a number of high performance pcb materials, and the drawing below 
provided by Gold Circuit Electronics gives an idea of the trade off between 
performance and cost: 

 

 

 

 

Figure 3: PCB Materials 

 

The proposed material to use for a first trial is FR408 made by Isola: 

 

https://www.isola-group.com/products/all-printed-circuit-materials/fr408/ 

 

This epoxy laminate has low dielectric constant (Dk) and low dissipation factor (Df), 
as well as high temperature resistance for lead free solder. If dielectric problems for 
this trial remain, then trials of higher performance materials may be required. 

Guard rings or flood fill are required around all high impedance components, to 
minimise the dielectric absorption effect. 

 

 

https://www.isola-group.com/products/all-printed-circuit-materials/fr408/
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3.6 Offset 

 

The offset voltage is generated by a 16 bit DAC controlled by SPI. This is passed 
through a simple switched DC attenuator controlled by SPI, so that the resolution of 
the offset can be maintained, as the gain of the signal amplifier is increased. The 
numbers on the block diagram are suggestions only, and are not intended to tie the 
hands of the designer. 

 

 

3.7 Analogue Amplifier 

 

The project information includes this reference: 

“1 GSPS digitizer based on the FPGA Mezzanine Card (FMC) standard with low-count 
pin connector.” By Vasilyev, Mikhail (BE-CO-HT) 

https://cds.cern.ch/record/2063663 

This identifies the Texas Instruments LMH6518 as the ideal digitally controlled 
variable gain amplifier. Conversations with Texas Instruments confirm this choice as 
being ideal for a 1GSPS oscilloscope application. There are other similar devices but 
none of them have a differential input impedance of 150K and 1.5pF, which makes 
this part very much easier to drive. It also has a unique range of digitally selectable 
bandwidth limits: 20, 100, 200, 350, 650, 750, 900MHz, which is extremely useful in 
this application. Here is the data sheet: 

http://www.ti.com/lit/ds/symlink/lmh6518.pdf 

 

The gain range is from -1.16dB to +38.8dB, a total of 40dB, which exactly matches 
the required input signal range selections from +/-50mV to +/-5V. 

The output impedance is 100 Ohms, so care is required when driving ADC inputs, 
especially ADCs with significant input capacitance. A loading of just 3.2pF will 
create a pole (-3dB point) at 500MHz, so that a further ADC buffer driver is required 
in most cases. 

 

The divide by 10 attenuator has an output impedance of 90K Ohms, so it can not 
directly drive the LMH6518 input impedance of 150K Ohms. The LMH6518 data 
sheet shows a suggested JFET Low Noise Amplifier in Figure 68, which can be driven 
by the output of the attenuator: 

 

 

https://cds.cern.ch/record/2063663
http://www.ti.com/lit/ds/symlink/lmh6518.pdf
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Figure 4: JFET Low Noise Amplifier 

 

This amplifier has a 1M Ohm input impedance which can be directly driven by the 
attenuator output. It adds the DC offset to the incoming signal, which allows the DC 
level of the incoming signal to be adjusted. This circuit is described in the data 
sheet as “a possible implementation of the LNA buffer” and should be considered as 
a good starting point for the final design. 
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4 Digital Signal Conditioning 

 

 

4.1 ADC Survey 

 

There are 2 basic types of high speed ADCs defined by the digital interface used: 

1. LVDS uses a parallel digital bus structure to transfer multiple sample data 
bits synchronous to a clock. This is the CERN preferred type. 

2. JESD204B is a multi gigabit serial data link which requires a JESD204B 
receiver in the FPGA. 

The table below is a survey of all suitable LVDS ADCs which could be used: 

Part no Man Cost/10 £ Package Bits Ch GS/s 
max 
1CH 

GS/s 
max 
2CH 

SNR 
dB 

Watts Output 
bits 

HMCAD1511 An £46.94 
QFN-48 
(7x7mm) 8 1 1 na 50 1 8 LVDS 

HMCAD1520 An £80.90 
QFN-48 
(7x7mm) 8/12 1 1 na 50 0 8 LVDS 

ADC08D500 TI £97.11 
LQFP-128 
(22x22mm) 8 1 1 na 45 1 32 LVDS 

AT84AD001CCEPW E2V £117.40 
LQFP-144 
(22x22mm) 8 2 2 1 45 2 32 LVDS 

EV8AQ160CTPY E2V £161.42 
EBGA380 
(31X31mm) 8 4 5 2.5 45 4 64 LVDS 

ADC08B3000CIYB TI £193.59 
LQFP-128 
(22x22mm) 8 1 3 na 45 2 

 
16CMOS 

ADC12D500RFIUT TI £274.08 
BGA-292 
(27x27mm) 12 2 1.6 0.8 60 2 48 LVDS 

ADC081500CIYB TI £280.36 
LQFP-128 
(22x22mm) 8 1 1.5 na 47 1 16 LVDS 

ADC08D1020CIYB TI £289.79 
LQFP-128 
(22x22mm) 8 2 2 1 47 2 32 LVDS 

ADC08D1520CIYB TI £420.67 
LQFP-128 
(22x22mm) 8 2 3 1.5 47 2 32 LVDS 

ADC12D1000CIUT TI £665.13 
BGA-292 
(27x27mm) 12 2 2 1 59 4 49 LVDS 

ADC083000CIYB TI £722.20 
LQFP-128 
(22x22mm) 8 1 3 na 45 2 32 LVDS 

ADC10D1000CIUT TI £1,290.74 
BGA-292 
(27x27mm) 10 2 2 1 57 3 40 LVDS 
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ADC Survey Notes: 

 

The Analog devices part HMCAD1511 is the cheapest, and offers 1 channel at 
1GSPS.  

The E2V part AT84AD001CCEPW offers 2 channels at 1GSPS, for a similar cost to 
the HMCAD1511. 

Sundance previously designed the SMT391 back in 2004 with the previous revision 
of this ADC, the AT84AD001B: 

https://www.sundance.com/product-range/sundance-products/slb-modules/adc-
slb-modules/smt391/ 

 

The E2V part EV8AQ160CTPY offers 2 channels at 2.5GSPS and 1 channel at 5GSPS. 

 

Many of the ADCs in this survey were originally designed more than 10 years ago, 
and while some have been revised, some have not. This should be a consideration 
when designing a product to last for 20 years, and assurances will need to be 
obtained from the ADC manufacturer about planned obsolescence. 

 

 

 

 

https://www.sundance.com/product-range/sundance-products/slb-modules/adc-slb-modules/smt391/
https://www.sundance.com/product-range/sundance-products/slb-modules/adc-slb-modules/smt391/
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4.2 Minimal Digital Option 

 

The block diagram below shows a minimal design which supports 2 channels at 
1GSPS and 1 channel at 2GSPS: 

 

HMCAD1511

8 BIT

1 GSPS

ADCBN
ADCBP

ADCAN
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FMC
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SMA

CLKIN

SMA TRIG I/O
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TRIGOUT

TRIGIN

TRIGOUT
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SPI (CLK, MOSI, MISO)

CLKIN
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CLK GEN

PROG 

OUTPUT 

PHASE
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16BIT
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24C02

EEPROM
I2C

DS182x

TEMP SENSE
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SIG GEN
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HMCAD1511

8 BIT
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DATA LA08-15

125MHz CLK

CLK2

DATA BIT CLK 1GHz
DATA FRAME CLK

SPI

ADDRESS

DECODE

411

ADC POWER DOWN

DATA FRAME CLK

DATA BIT CLK 

NOT USED

+6dB

+6dB

LMH5401

LMH5401

ADCAN
ADCAP

+6dB

ADCBN
ADCBP

+6dB

 

 

 

Figure 5: Digital block diagram for 2Ch@1GSPS and 1Ch@2GSPS 

 

This design uses a pair of HMCAD1511 with analogue input signals A & B fed to 
both ADCs. By using a 1GHz clock generator with programmable output phase it is 
possible to interleave the ADCs, which allows 1 channel to be sampled at 2GSPS. 
This design uses only 16 pairs on the FMC connector to transmit the data, plus 2 
frame clock pairs, leaving 16 pairs for the other control signals. 

The ADC has an input capacitance of 11pF and has a full scale of 2Vpp. To match 
these inputs to the LMH6518 preamplifier output, a further buffer amplifier is 
required, with +6dB gain. The suggested part is LMH5401 which is an 8GHz fully 
differential amplifier with a slew rate of 17500V/us.   

Here is the HMCAD1511 web site: 

https://www.analog.com/en/products/hmcad1511.html 

Here is a brief application note showing how to interleave 2 of these ADCs 

https://www.analog.com/en/products/hmcad1511.html
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https://www.analog.com/media/en/technical-documentation/user-
guides/hmcad1511_2gsps_oscilloscope_solution.pdf 

These documents do not make it clear how to synchronise the outputs of 2 of these 
ADCs, and the only external signal available that might be used for this is the power 
down input. It may be necessary to clock the power down into each ADC using 
clocks with separate phase delays to the ADC clocks. This could require the use of a 
clock generator with 4 outputs, each of which have independent phase control. 

An EVM is available for the HMCAD1511 and this should be fully evaluated before 
committing to the design with this ADC. 

The table below lists the results of a survey of all potential clock generators: 

 

Part no Manuf Cost 
/10 £ 

Package Diff 
Out 

Inputs Out 
Min 
MHz 

Out 
Max 
MHz 

Watts Jitter 
RMS 
fS 

Phase 
noise 
dBc/Hz 

Prog 
Output 
Phase 

HMC830 An £15.70 
SMT40 
(6x6mm) 1 1 25 3000 1.25 180 -110 NO 

HMC832A An £14.64 
SMT40 
(6x6mm) 1 1 25 3000 ? ? -110 NO 

HMC833 An £16.19 
SMT40 
(6x6mm) 1 1 25 6000 ? 180 -110 NO 

HMC834 An £15.25 
SMT40 
(6x6mm) 1 1 45 1050 ? 180 -110 NO 

HMC835 An £15.70 
SMT40 
(6x6mm) 2 1 33 4100  94 -110 NO 

CDCE62005 TI £7.25 
VQFN48 
(7x7mm) 5 2 4 1175 1.7 350 

-130 @ 
1MHz YES 

AD9518-4 An £9.11 
VQFN48 
(7x7mm) 6 2 45 1800 1.1 225 

-162 @ 
1MHz YES 

AD9524 An £9.28 
VQFN48 
(7x7mm) 6 2 1 1000 0.56 200  YES 

LTC6951 An £9.98 

QFN40 
(7x5 
mm) 5 1 2.5 2500 1.1 115  YES 

 

 

The suggested clock generator is LTC6951, because it has the lowest jitter, and 
clock generator jitter directly raises the noise floor of the ADC conversion. Here is 
the LTC6951 web site: 

https://www.analog.com/en/products/ltc6951.html 

It is important to note that dual channel ADCs, such as the E2V part 
AT84AD001CCEPW, have a built in interleave mode, which does not require clock 
source phase adjustment, and have NO issues with dual ADC synchronisation, 
reducing design risk. This ADC also has a greatly reduced analogue input range of 
500mVpp, which may remove the requirement for a separate input buffer amplifier. 

https://www.analog.com/media/en/technical-documentation/user-guides/hmcad1511_2gsps_oscilloscope_solution.pdf
https://www.analog.com/media/en/technical-documentation/user-guides/hmcad1511_2gsps_oscilloscope_solution.pdf
https://www.analog.com/en/products/ltc6951.html
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4.3 High Performance Digital Option 

 

Placing a signal processing FPGA on the FMC board is not preferred by CERN, 
however this does provide the unique benefit of local buffer storage. In the event 
that the carrier card has an upper bandwidth limit which restricts the sampling rate, 
a local buffer allows single shot operation at the full sampling rate, up to the 
capacity of the local buffer. 

This architecture also allows the use of the latest design of ADCs with JESD204B 
outputs, which are less likely to suffer from obsolescence over a 20 year product 
life. 

The block diagram below shows a high performance design which supports 2 
channels at up to 3.2GSPS and 1 channel at 6.4GSPS: 
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DEV CLK
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TMSTPP

SYNC
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JESD204B

CLOCK GEN

SYSREF

DEV CLK

SYSREF

TIMESTAMP

CLK

CLKIN0
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16BIT

DAC

24C02

EEPROM

I2C
I2C

TEMP

SENSE

CLK

VCXO FILTERCLK

SELF CAL

SIG GEN
CALP
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Figure 6: Digital block diagram for 2Ch@3GSPS and 1Ch@6GSPS 

 

The MPF300T is chosen for the FPGA because it is available now with free JESD204B 
interface IP and a JESD204B demonstration board, and it has significant internal 
buffer storage. 

This ADC has an optional direct timestamp input feature which can be used to 
override the least significant data bit with the trigger signal. The trigger is then 
embedded in the sampled data. 
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The ADC08DJ3200 is listed at £797.41, and the MPF300T is listed at £339.57 at 
Digikey, so the example component cost is higher for this high performance design. 

Alternative pin compatible ADCs with 12 bits resolution, could optionally be fitted 
at assembly time These 12 bit options do not require any other hardware changes, 
however fpga firmware may need to be changed. Part numbers: 

1. ADC12DJ3200 is dual 3.2GSPS or single 6.4GSPS (Space grade available) 

2. ADC12DJ2700 is dual 2.7GSPS or single 5.4GSPS 

 

 

 

4.4 Local Memory Options 

 

The high performance digital option above has ~2.6M bytes (20.6M bits) of memory 
internal to the MPF300T FPGA, and the larger MPF500T FPGA has ~4.1M bytes (33M 
bits). Sampling 2 bytes at 1GSPS means that 2.3M bytes holds 1.3ms, and 4.1M bytes 
holds 2ms of sample data, assuming that all the internal memory is available for 
storing the samples and the rest of the FPGA design does not require any internal 
memory. There is a requirement at CERN to hold between 1ms and 2ms of sample 
data to allow for trigger time delay, which is just met by the MPF500T.  

To improve the longevity of the design, it is desirable to have a larger buffer 
memory, and the intention of the FMC specification is that this larger memory is 
located on the carrier board for good reason. Existing CERN carrier boards (SPEC 
and VME) have larger memories, but these are limited in bandwidth, which in turn 
restricts the maximum ADC sample rate. A solution which avoids this issue is to fit 
larger discrete memory device(s) on the FMC ADC board. 

The problem with this solution is that discrete memory devices with very high speed 
busses can create significant amounts of EM noise in the passband of the ADC, 
significantly increasing the risk that the design will fail to meet the noise 
requirements. The pcb design of such a system is absolutely critical, in determining 
the level of memory related noise conducted into the ADC inputs, which is likely 
only to be minimised with the best design, not prevented. This is not an issue for 
FPGA internal memory. It is expected that the EM noise will increase with each extra 
discrete memory chip, so it is a design aim to use as few memory chips as possible. 

A way to considerably reduce the ADC noise from the memory is to operate the 
memory clock synchronously to the ADC sampling clock, and ideally with the same 
clock used for both. This has the great advantage that all memory signals are 
synchronous to the ADC clock, and most memory signal EM noise should appear in 
the ADC data as either a DC offset or at multiples of the ADC clock frequency, and 
out of the pass band. 

If the memory is clocked with the ADC clock: A memory that can write continuously 
with no overheads, e.g. SRAM, can have a peak bandwidth equal to the sample data 
rate, e.g. 2G Bytes/s. A memory that has bandwidth overheads, e.g. SDRAM, must 
have a peak bandwidth significantly higher than the sample data rate so there is 
time for the overheads. 

The FPGA memory interface must be correctly matched to the memory chip, and 
this interface should be completely designed before committing to particular 
devices. This FPGA memory interface determines the maximum speed the memory 



FMC ADC 1G Design Study Page 25 of 26  

can be operated at, not the memory itself. For instance the Polar Fire FPGAs support 
a maximum DDR4 clock speed of 800MHz, as stated in: 

“Microsemi_PolarFire_FPGA_Memory_Controller_User_Guide_UG0676_V4.pdf” 

https://www.microsemi.com/document-portal/doc_download/136528-ug0676-
polarfire-fpga-memory-controller-user-guide 

 

There are currently 2 different state of the art memories which could be used: 

1. QDR SRAM (Synchronous Static Ram) 

2. DDR4 SDRAM (Synchronous Dynamic Ram) 

 

QDR SRAM has clock speeds up to 1066MHz, transfers 2 words per clock, and is 
available as 4M by 36 bits (e.g. CY7C4142KV13). This single memory device stores 
16M bytes, giving 8ms sample storage time. At maximum clock speed, the peak 
bandwidth is (1066 x 2 x 4) 8528M bytes per second, although this is likely to be 
reduced by the FPGA compatibility. At 800MHz clock the peak bandwidth is (800 x 2 
x 4) 6400M bytes per second. Package size is 21 x 21mm, which expands to 26 x 
26mm (676mmsq) allowing for inspection and assembly. SRAM has higher reliability 
than SDRAM. 

DDR4 SDRAM has clock speeds up to 3200MHz, transfers 2 words per clock, and is 
available as 512M by 16 (e.g. MT40A512M16). This single memory device stores 
1024M bytes, giving 512ms sample storage time. At maximum clock speed, the peak 
bandwidth is (3200 x 2 x 2) 12800M bytes per second, although this is likely to be 
reduced by the FPGA compatibility. At 800MHz clock the peak bandwidth is (800 x 2 
x 2) 3200M bytes per second. Package size is 9 x 13mm, which expands to 14 x 
18mm (252mmsq) allowing for inspection and assembly. SDRAM has lower 
reliability than SRAM. 

 

https://www.microsemi.com/document-portal/doc_download/136528-ug0676-polarfire-fpga-memory-controller-user-guide
https://www.microsemi.com/document-portal/doc_download/136528-ug0676-polarfire-fpga-memory-controller-user-guide
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4.5 PCB area estimates 

 

The available PCB can be divided into 2 areas, analogue and digital. We are forced to 
choose that the analogue space is shown in the pcb drawing above by the hatched 
area and is approximately 50 x 31mm. The digital space has similar dimensions, but 
includes the FMC connector on one side, which takes up around half the area on 
that side. All of the top surface above the FMC connector can be used, but this 
makes blind vias mandatory. The approximate digital board areas available for 
components are: 

1. TOP: 1550mmsq 

2. BOT: 750mmsq 

A total of 2300mmsq. 

The QDR SRAM requires 676mmsq of pcb area, which is 424mmsq more than the 
DDR4. This makes the DDR4 the memory of choice. 

Here is an example board space estimate for the major digital components of the 
high performance digital option with one DDR4 memory added, allowing 5mm extra 
dimension (2.5mm extra keep out on each side) for assembly and inspection around 
each component: 

1. ADC08DJ3200  225mmsq 

2. LMK04832   196mmsq 

3. MPF300T-FCG484I  784mmsq 

4. MT40A512M16  252mmsq 

This is a total area of 1457mmsq, so there is insufficient margin to fit all these 
components on the top. They will all fit, with some located on the bottom, 
overlapping components on the top, which increases design complexity. 

The MPF300T-FCVG484 package is smaller at 576mmsq (0.8mm ball pitch instead of 
1mm). This is a saving 208mmsq which reduces the total component area to 
1249mmsq, allowing a safety margin of 1051mmsq for other digital components. 
This board space estimate says that this design with the external DDR4 memory is 
just feasible. A full design study including proposed layout, and completed FPGA 
memory interface design, and power supplies, is required to guarantee feasibility, 
before proceeding with a complete design. 

 

 

 

  

 

 


