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Synchronizing several ADQ14 

PXIe PCIe USB3.0MTCA.4 10GbE
ADQ14 is a leading 14-bit digitizer featuring up to 4 channels sampling at 
up to 2 GSPS each. This application note illustrates how to synchronize 
several ADQ14 to a multi-channel system. 

• Phase-locked clock reference 

• Synchronous trigger 

• Asynchronous trigger 

• Time-stamp 
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1 Unlimited channel count

The market leading 14 bits digitizer ADQ14 is available in 2 channels at 2 GSPS or 4 channels at 
1 GSPS each. This application note shows how to expand a system into very many channels. The topic 
of synchronization has very many solutions for a large variety of situations. A set of different possibilities 
are presented here. Select the most suitable for the actual system. 

Note that this application note focus on synchronizing several ADQ14 to each other. This is a different 
topic than to synchronize one ADQ14 to an external equipment. 

2 Key elements in synchronization

2.1 Overview

The trigger and the clock are external signals that build up the timing of the system. The clock signal set 
the rate of which things happen and the trigger tell when things start. Synchronization of several digitiz-
ers then rely on three key elements: 

1. The clock frequency has to be aligned and in phase for all ADQ14 units. This requires a shared 
external clock reference. 

2. There has to be a signal that determines the starting point for recording data in each ADQ14. This 
is done with the trigger signal, which has to be aligned for all units. 

3. The time-stamp counts the time in each ADQ14. These counters has to operate in phase in all 
units. 

2.2 Clock reference signal 

The clock reference signal on the front panel enables a common external clock reference at 10 MHz. 
PXIe and MTCA units also support clock reference distribution in the backplane. This common clock 
reference guarantees the long term stability of the synchronization. Figure 1 (a) illustrate the drift 

between 2 different digitizers if the clock is not phase locked1. Figure 1 (b) illustrate phase lock with a 
common clock reference. 

Figure 1: Effect of common clock reference. 
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There are three situations when the synchronization of the clocks are critical: 

1. Data driven acquisition on individual channels where the time-stamp is used for measuring the 
absolute time of individual pulses and do comparison between channels. (This is the typical use 
case when using firmware option –FWPD.) 

2. Recording of very long records. (for example, 1 ppm deviation in clock frequency means one sam-

ple deviation in the end of a record of length 106). 

3. Continuous streaming of multiple boards to PC. If not phase locked, the data rate will differ. 

There are also situations where the clock reference is not critical. 

1. Several cards are triggered in the external trigger from the same source and the records are short. 

2. The absolute timing of a data is not critical. 

2.3 Trigger

The trigger represents a starting point for the measurements. The trigger is also a real-time reference 
event in the system. From a synchronization point of view, there are two types of triggers;

1. Synchronous trigger, where the trigger signal is phase locked to the clock reference. The system is 
then fully synchronous and completely repetitive. Phase locking the trigger to the clock sets the 
properties of the trigger to be similar to a digital serial link. Key parameters are then set-up and hold 
time, that is, the time of arrival with respect to the clock edge. 

2. Asynchronous trigger, where the trigger signal is not phase locked to the clock reference. There are 
situations where a non-phase locked trigger can be an advantage. This is for repetitive measure-
ments where the correlation between the trigger and the clock may disturb statistical properties. 

2.4 Time-stamp

The time-stamp is the real-time measurement that carry the information from the trigger and clock. The 
time-stamp counter counts the number of sample periods before a a trigger event. 

The time-stamp is running with a pace that is related to the actual clock reference. If an external clock 
reference is used, the time-stamp will also be related to that clock source. In this way it ca be consid-
ered a real-time clock. 

If the ADQ14 is free running, the time-stamp real-time value has the precision of th internal clock. 

If several digitizers are phase locked with a common clock reference, the time-stamp counters are also 
in phase, Figure 2. 

The time-stamp is a 64 bit integer where the LSB represent ideally 125 ps. The sub-sample precision 

contains additional information for the external trigger input1. All other trigger modes are only resolved 
on a per sample basis. See the ADQ14 manual (15-1593) for details on how to use the time-stamp. 

1. The timing resolution of the external trigger is ideally 125 ps. This means that the sample rate of the external 
trigger signal is 8 GSPS. The the time resolution may differ if there is a deviation in frequency of the clock refer-
ence. For example, a 0.1% deviation on the clock reference would give time step of 125.1 ps. 
15-1583 PA5 
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Figure 2: Time stamp in phase locked system with 2 GSPS sampling clock. (Note that the time base for the 
time-stamp is 125 ps and one sample period is 1/2 GHz = 500 ps. The time-stamp counts 4 per sample 
period.)
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3 Clock reference

3.1 Overview

The clock distribution is the straight forward part of synchronization. It consists of two parts; frequency 
and phase alignment of several digitizers. 

3.2 Clock frequency

A signal from a common source is split and routed to all units. This will guarantee that the frequency, 
that is, the time base, is common for all digitizers in the system.

3.3 Clock phase

The sampling instant is determined by the phase of the clock signal relative to the analog input signal. 
From a synchronization perspective, time delay on the clock signal is equivalent to a delay on the ana-
log signal. It is thus equally important to match the cable length for of analog input as for the clock sig-
nal. Absolute accuracy cannot be guaranteed without a calibration procedure of the entire system. 
However, most situations do not require absolute accuracy. 

In additional to the potential fixed delay, there is jitter in the internal clock generation. One digitizer has 
approximately 300 fs RMS jitter. This means that the timing jitter between any pair of ADQ14 digitizers 
is 300 fs x SQRT(2) = 424 fs (assuming a Gaussian distribution).

3.4 Clock distribution for front panel connection

The clock distribution is a 50 Ohm system. 

For only two cards, it is possible to use the clock reference output from one digitizer and connect it to 
the clock reference input of another digitizer. The two digitizers will then be in phase. 

If very many digitizers are used, a fan-out buffer on the clock distribution is required. 

3.5 Clock distribution for backplane

The –PXIe and –MTCA form factors support clock reference distribution in the backplane. 
15-1583 PA5 
2017-10-04 4(15)



ADQ14 Application note
15-1583-PA5 2017-10-04

 5(15)
4 Trigger properties 

4.1 Trigger jitter definition

The trigger jitter consists of two different types, Figure 3. 

First; at the trigger input is a Gaussian distributed jitter which affects the timing of the incoming trigger 
signal edge. This is caused by noise in the analog components of the trigger input stage. The RMS 
value of this jitter is 10 ps. 

The second source is the process of sampling the trigger. The difference between the incoming physi-
cal trigger signal and the digital representation of the trigger is a stochastic variable with a rectangular 
distribution. The RMS value of such a process is PERIOD / SQRT(12). The external trigger is sampled 
with the 8 GSPS trigger clock, which result in a jitter of 36 ps RMS. 

4.2 Synchronous trigger set-up and hold time

When the trigger is phase-locked to the clock reference the is timing is comparable to a digital signal 
with a set-up and a hold time. This section will analyze the synchronous trigger properties. 

When using a synchronous trigger, the entire measurement set-up is assumed to be phase-locked. 
Then the lowest time resolution is the sample rate. The extra sub-sample resolution of the external trig-
ger contains no additional information. However, the sub-sample precision can be used for determine 
the phase of the trigger signal to analyze the properties of the measurement set-up. 

The fastest sample clock is 2 GHz, which means that the timing window is 500 ps. With an RMS jitter of 
10 ps, Section 4.1, the set-up and hold times can be set to 6 which is 60 ps. The eye opening is the 
500-60-60 = 380 ps. This timing precision is possible to achieve with accurate systems design. (Note 
that 380 ps is the signal propagation time in approximately 76 mm coaxial cable.) 

When building a synchronous system, the requirements are strict for absolute stability. To simplify the 
design, the time-stamp is available to resolve uncertainties about the trigger time, Section 4.5. 

4.3 About phase locking the trigger 

This section adds some comments on phase locking the trigger signal. 

The trigger signal is phase locked to the clock reference of the digitizer in the trigger source. There are 
some key details to achieve this: 

• The trigger source needs access to the 10 MHz clock reference of the digitizer. Either, the ADQ14 
outputs its internal clock reference and sends it to the trigger source or the trigger source has a 
clock reference which is sent to the digitizer. 

Figure 3: Sources of jitter on the trigger signal. 
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• The trigger source can be the digitizer. Turn on the internal trigger and set the trigger connector to 
output. The trigger is then phase locked to the digitizer. 

4.4 Trigger cable length 

The cable length of the trigger signal is critical. The typical propagation properties of a coaxial cable is 
66% of the speed of light. This means that trigger resolution of 8 GHz (125 ps) correspond to 25 mm 
cable length. 

4.5 Resolving external trigger with time-stamp

Relaxing the phase requirement of the trigger may simplify the installation greatly. Instead of absolute 
accuracy of the phase alignment between trigger signal and clock, the time-stamp can be used for 
resolving the timing of individual channels. Figure 4 illustrates the timing of an external trigger with 
respect to the sampling of the analog input signal. In the example, the external trigger differs one period 
of the trigger clock (125 ps) and the first sample differs one period on the sampling clock (1ns). The 
TIME_STAMP and RECORD_START parameters will tell when the record started and how to align records 
from several digitizers. 

4.6 Asynchronous trigger 

If the trigger signal is not phase-locked to the reference clock it is called asynchronous. This trigger 
does not have a well determined relation to the sampling clock and will appear at various positions in 
time according to a rectangular distribution, Figure 3. The trigger jitter is then determined by the resolu-
tion of which the trigger is sampled, that is 8 GSPS and the trigger jitter is 36 ps RMS. 

Figure 4: Phases of external trigger, example. 
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5 Distributing external trigger

5.1 Star trigger distribution 

The trigger can be distributed in a star configuration in many ways. This section contains examples for 
various situations. Good impedance matching is essential for suppressing reflections in the system. 
The ADQ14 is designed for 50 Ohms impedance and standard components for building 50 Ohm sys-
tems are generally good enough for trigger distribution. 

5.2 Passive splitter 

A passive splitter is the most cost-effective solution for a small number of digitizers, Figure 5. Since the 
trigger signal contains a DC component, a passive splitter has to be DC coupled. This means that the 
splitter is resistive and the loss is as high as 6dB in each stage. 6 dB means that half the amplitude is 
lost. To trigger two digitizers is straight forward. Triggering four digitizers will require about 3 to 4 V 
source drive. 

Figure 5: Star trigger distribution with passive splitter. 
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5.3 Active splitter 

An active splitter contains a signal amplifier for each output, Figure 6. Thus there is basically no limit on 
the number of digitizers that may be triggered with this solution. 

The ADQTDU is a trigger fan-out buffer which can be used for trigger distribution. An ADQTDU has 6 
outputs and can thus drive up to 24 channels. 

It is also possible to use a third party power splitter. 

Figure 6: Star trigger distribution with active splitter, for example an ADQTDU. 
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5.4 Bussed connection

The trigger input can be set to high impedance to enable a bussed connection, Figure 7. Then one 
board can trigger several cards. Note that this is not a correct 50 Ohms system and will suffer from 
reflections. By keeping the cables short, the reflections can be kept under control. It is important to ter-
minate the end point to 50 Ohms in the last digitizer. 

This method can be used within a chassis between neighboring cards. 

In Figure 7 (a), the trigger source is an external equipment. 

In Figure 7 (b), one of the digitizers is used as a trigger source. This can be combined with the internal 
trigger generator for a self contained system. The internal trigger generator is described in the 15-1593 
ADQ14 Manual. 

Figure 7: Trigger signal distribution using high impedance setting. 
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5.5 Broadcasting a software trigger 

A software trigger from the command line is sent to one digitizer at the time. There is no mechanism to 
determine when a digitizer will execute a software command. 

It is, however, possible to use trigger output in Figure 7 (b) to broadcast a software trigger command 
from one digitizer to many others. The trigger output connector may also be used as a GPIO signal. By 
using the GPIO functions, and set up the trigger to listen to external trigger, a pulse can be distributed 
to all cards simultaneously with only a singel WriteGPIO command. 

The unit in Figure 8 then acts as the internal trigger source of Figure 7 (b). 

# DESCRIPTION USER COMMAND REF

a Trigger as GPIO WriteGPIO

b Set GPIO direction to output SetDirectionGPIO

c The trigger output and the external trigger input are electrically connected 
inside the ADQ14

d Select external trigger as trigger source. This means that the digitizer will 
listen the external trigger connector. 

SetTriggerMode

e Acquisition engine create a record from streaming data. 

Figure 8: Broadcast software trigger using Trigger output as GPIO. 
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5.5.1 Distributing level trigger

Multiple boards may be triggered by level trigger on one channel, Figure 9. This mode is intended for 
systems with a reference event on one channel that starts the acquisition. 

The trigger distribution in Figure 7 (b) may also be combined with this feature. 

5.6 PXIe backplane star trigger

Using the PXIestar triggers in the backplane requires a PXIe compliant backplane in the chassis and 
also a trigger-timing module in the trigger-timing slot of the chassis. 

This trigger distribution method is not described in this document. 

# DESCRIPTION USER COMMAND REF

a Select a channel as level trigger SetupLevelTrigger

b Select level trigger as trigger out SetConfigurationTrig

c Internal hardware connection trigger out to trigger in (shared SMA 
connector)

d Select external trigger for triggering SetTriggerMode

e External cable connection to other ADQ14 devices

f Select external trigger for triggering SetTriggerMode

Figure 9: Distributing level trigger. 
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6 Software for multiple boards

6.1 Multiple threads

It is important to notice that the API is not thread 
safe. It is anyway recommended to implement a 
multi-threaded application. The key is to make 
sure that only one thread at the time accesses the 
digitizer. 

6.2 Start-up in a multi-thread software

The start-up procedure for a multi-thread system 
is 

Use ListDevices to find available boards. Do NOT 
use FindDevices, since it will open communication 
with the board from the main thread. 

The ListDevices returns an ID for each available 
ADQ14. Start one thread per ID. 

System

• 8 Channels

• 1 GSPS

• PCIe form factor

• External asynchronous trigger 

Hardware set-up

• ADQ14-4C has 1 GSPS and 4 channels per 
board. Use two pcs of ADQ14-4C-PCIe. 

• Place two digitizers in a PC. 

• Use a passive splitter to split the trigger to two 
cards, see Section 5.2. An alternative is a 
bussed connection, see Section 5.4. 

• Use clock reference output on one of the 
cards and connect to clock reference input of 
the other card, see Section 3.4.

Software set-up

• Use time-stamp reset to synchronize timing 
between the cards (15-1593-PA15 ADQ14 
Manual section 5.1.4)

• Use trigger blocker to arm the systems to start 
all cards simultaneously (15-1593-PA15 
ADQ14 Manual section 5.1.5) 

Figure 10: Two digitizers. 
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7.2 Building a large system (up to 96 chan-
nels), Figure 11

System

• 96 Channels

• 1 GSPS

• PXIe form factor

Hardware set-up

• ADQ14-4C has 1 GSPS and 4 channels per 
board. Use 24 pcs of ADQ14-4C-PXIe. 

• Place 4 digitizers in a medium-sized chassis 

(6 chassis in total)1. 

• Connect triggers with bussed connection in 
groups of 4 digitizers. This means 6 groups. 
See Section 5.4. 

• Use an ADQTDU2 to distribute a trigger to all 
the 6 groups. See Section 5.3. 

• Use the backplane distribution of the clock ref-
erence. 

• Use an ADQTDU3 to distribute a clock refer-
ence to all the chassis. 

• Optional: Use ADQ10GBE to get a fast Ether-
net connection for sending data between the 

Figure 11: ADQ14 96 channels system
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1. It is also possible to use three large chassis with 8 
digitizers in each, but then Linux OS is required. The 
computing power is also a parameters since there is 
one controller per chassis; fewer chassis means 
less computing power. 

2. It is also possible to use a third party fan-out buffer; 
active or passive. 

3. It is also possible to use a third party fan-out buffer; 
active or passive. 
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chassis. The ADQ10Gbe can be connected 
as indicated and send data to its neighbors or 
via a switch to any other chassis. 

Software set-up

• Use time-stamp reset to synchronize timing 
between the cards (15-1593-PA15 ADQ14 
Manual section 5.1.4)

• Use trigger blocker to arm the systems to start 
all cards simultaneously (15-1593-PA15 
ADQ14 Manual section 5.1.5) 
15-1583 PA5 
2017-10-04 14(15)



SWEDEN | Signal Processing Devices Sweden AB | Teknikringen 6, SE-583 30 Linköping | Phone: +46 (0) 13 4650600 | Fax: +46 (0) 13 991 3044

SWITZERLAND | Signal Processing Devices | 275, Route de Saint-Julien, CH-1258 Perly, Geneva | Phone: +41 78 845 5657

US | Signal Processing Devices Inc. | 2603 Camino Ramon, Suite 200, San Ramon CA 94583 | Phone: +1 415 533 1341

www.spdevices.com

ADQ14 Application note
15-1583-PA5 2017-10-04

 15(15)

Important Information

Teledyne Signal Processing Devices Sweden AB (Teledyne SP Devices) reserve the right to make cor-
rections, modifications, enhancements, improvements, and other changes to its products and services 
at any time and to discontinue any product or service without notice. Customers should obtain the latest 
relevant information before placing orders and should verify that such information is current and com-
plete. All products are sold subject to Teledyne SP Devices’ general terms and conditions supplied at 
the time of order acknowledgment.

Teledyne SP Devices warrants that each product will be free of defects in materials and workmanship, 
and conform to specifications set forth in published data sheets, for a period of one (1) year. The war-
ranty commences on the date the product is shipped by Teledyne SP Devices. Teledyne SP Devices’ 
sole liability and responsibility under this warranty is to repair or replace any product which is returned 
to it by Buyer and which Teledyne SP Devices determines does not conform to the warranty. Product 
returned to Teledyne SP Devices for warranty service will be shipped to Teledyne SP Devices at 
Buyer’s expense and will be returned to Buyer at Teledyne SP Devices’ expense. Teledyne SP Devices 
will have no obligation under this warranty for any products which (i) has been improperly installed; (ii) 
has been used other than as recommended in Teledyne SP Devices’ installation or operation instruc-
tions or specifications; or (iii) has been repaired, altered or modified by entities other than Teledyne SP 
Devices. The warranty of replacement products shall terminate with the warranty of the product. Buyer 
shall not return any products for any reason without the prior written authorization of Teledyne SP 
Devices.

In no event shall Teledyne SP Devices be liable for any damages arising out of or related to this docu-
ment or the information contained in it.

TELEDYNE SP DEVICES’ EXPRESS WARRANTY TO BUYER CONSTITUTES TELEDYNE SP 
DEVICES’ SOLE LIABILITY AND THE BUYER’S SOLE REMEDY WITH RESPECT TO THE PROD-
UCTS AND IS IN LIEU OF ALL OTHER WARRANTIES, LIABILITIES AND REMEDIES. EXCEPT AS 
THUS PROVIDED, TELEDYNE SP DEVICES DISCLAIMS ALL WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR 
PURPOSE OR NON-INFRINGEMENT. 

TELEDYNE SP DEVICES DOES NOT INDEMNIFY, NOR HOLD THE BUYER HARMLESS, AGAINST 
ANY LIABILITIES, LOSSES, DAMAGES AND EXPENSES (INCLUDING ATTORNEY’S FEES) RELAT-
ING TO ANY CLAIMS WHATSOEVER. IN NO EVENT SHALL TELEDYNE SP DEVICES BE LIABLE 
FOR SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING LOST PROFIT, LOST 
DATA AND THE LIKE, DUE TO ANY CAUSE WHATSOEVER. NO SUIT OR ACTION SHALL BE 
BROUGHT AGAINST TELEDYNE SP DEVICES MORE THAN ONE YEAR AFTER THE RELATED 
CAUSE OF ACTION HAS ACCRUED. IN NO EVENT SHALL THE ACCRUED TOTAL LIABILITY OF 
TELEDYNE SP DEVICES FROM ANY LAWSUIT, CLAIM, WARRANTY OR INDEMNITY EXCEED 
THE AGGREGATE SUM PAID TO SP BY BUYER UNDER THE ORDER THAT GIVES RISE TO SUCH 
LAWSUIT, CLAIM, WARRANTY OR INDEMNITY. 

Worldwide Sales and Technical Support

www.spdevices.com

Teledyne SP Devices Corporate Headquarters

Teknikringen 6
SE-583 30 Linköping
Sweden

Phone: +46 (0)13 465 0600
Fax: +46 (0)13 991 3044
Email: info@spdevices.com

Copyright © 2017 Teledyne Signal Processing Devices Sweden AB. All rights reserved, including those to repro-
duce this publication or parts thereof in any form without permission in writing from Teledyne SP Devices.
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