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Application Note:
Clocking 

The ADQ series of digitizers has an advanced clock system for flexible synchronization to external 
equipment. This document is a general description of the clock system. It also contains examples on 
how to use the clock system. 
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1 Introduction 

The ADQ series of digitizers has clock reference and internal clock source as well as a con-
nector for direct external clock. The intention with the clock design is to synchronize several 
different hardware units. The clocking system has a lot of flexibility. It also has a lot of limita-
tions. The application note intend to give understanding on how the clocking works and why 

there are limitations.1

A typical situation where this application note is useful is when the signal source has a clock 
reference and the digitizer should be synchronized to that source. Many instruments use 
10 MHz. Then it is straight forward. However, for other reference frequencies, the clock net-
work has to be controlled in several nodes, which are described here. 

2 Clock architecture

The clock architecture is in Figure 1. The different nodes are listed in Table 1.   

1. The description is general. Deviations and limitations are different on the different ADQ digitizer models. 

Figure 1: Clock architecture
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3 Description of the blocks

3.1 Reference selection

The first step is to select a clock reference source (unless direct external clock is used, Sec-
tion 3.4). There are several sources available to meet various requirements on synchroniza-
tion. 

The default PLL settings are for a clock reference frequency of 10 MHz. If another reference 
frequency is required, use SetPLL() command to get the correct sampling clock frequency, 
see Section 3.2 and Section 7.1. 

 

3.2 PLL setting 

The ADQAPI command SetPLL() gives full access to the divider settings in the PLL. See 
ADQAPI Users guide on how to use SetPLL(). Figure 2 illustrates the dividers, that is, the 
parameters in the SetPLL() command. 

# NAME DESCRIPTION ENABLES PARAMETERS BOUNDARIES

A Reference 
selection

Select internal clock reference 
source. 

Synchronization of 
several digitizers and 
trigger. 

External 
Internal XTAL
Backplane ref

Frequency 
range 

B PLL setting Set the ratio between the 
internal VCO and the selected 
reference. 

Select best reference 
frequency for the 
system. 

R divider 
N divider
VCO divider

Allowed 
settings 

C VCO tuning 
range

Set the frequency of the internal 
VCO and indirectly the 
sampling frequency. 

Fine tuning of 
sampling frequency 

VCO frequency Tuning range 

D Clock 
selection

Select clock source Synchronization Internal 
External

Frequency 
range

E Clock 
distribution

Generate internal clock 
frequencies from the clock 
source. 

Optimized clock rate 
for the different parts 
of the system. 

VCO divider Allowed 
settings 

F ADC data 
clock 

The ADC data clock is derived 
from the sampling clock

Communication with 
FPGA 

Set by design N/A

G PLL settings in 
the FPGA

Generate internal clocks from 
data clock and system clock. 

Internal sampling 
frequency 

Set by design N/A

H Decimation / 
Sample skip

Reduce data rate by decimation 
or sample skip

Reducing sampling 
frequency

Reduction Ratio Allowed 
settings 

Table 1: Clock blocks

REFERENCE 
SOURCE

PARAMETERS PURPOSE AVAILABLE

ADQ V5 ADQ V6

Built in TCXO 10 MHz Stand alone 
operation

All All 

External reference 1 – 250 MHz External master All All 

Backplane 1 – 250 MHz Chassis system – PXIe / MTCA

Table 2: Clock reference sources
16-1692 PB3 
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3.3 VCO tuning 

The internal VCO has a limited tuning range. It is typically +/- 10% of the center frequency. 
Note that the VCO frequency is not the same as the sampling frequency. In some models, 
there is a divider between the VCO and the clock to the ADC. When changing the PLL set-
tings and reference frequency, care has to be taken so that the VCO is within its tuning range. 

3.4 Clock Selection

Select the internal clock or a direct external clock source. The external clock source is then a 
direct sampling clock. Note that on some interleaved digitizers a different ratio is valid, see 
Section 3.6 and Table 4. 

3.5 Clock distribution

Different parts of the digitizer requires different clocks. There is a clock distribution network 
with clock dividers on the digitizer. The ADC clock is from one branch in this distribution. The 
clock divider is phase locked to the reference on ADQ V6. This is not the case for ADQ V5, 
see Section 4.5. 

PARAMETER ADQ V5 ADQ V6

DESCRIPTION PARAMETER DESCRIPTION PARAMETER

N-divider Set compare 
frequency

VCO: Table 4
N = VCO * R / f_ref 

Set compare 
frequency

VCO: Table 4
N = VCO * R / f_ref 

R-divider Set compare 
frequency

f_ref / R < 100 
1 M < f_ref < 250 M

Set compare 
frequency

f_ref / R < 100 
1 M < f_ref < 250 M

VCO divider Set clock frequency 2,3 ... 20 Set by API. Not 
available for user

–

Channel divider Set by API. Not 
available for user

– Set by API. Not 
available for user

–

Table 3: SetPLL() parameters

Figure 2: Dividers in the PLL which are controlled by the SetPLL() command. 
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3.6 External clock for interleaved digitizers. 

The clock for the interleaved ADCs can be generated in different ways. This result in that the 
ratio between an external clock and the sample rate of is different for the different digitizer 
models.

One method is that the clock for the interleaved digitizers is generated a divider in different 
phases of a base clock. This is illustrated for ADQ1600 in Figure 3. This method implies that 
also an external clock should run at the sampling frequency. 

The other method is to generate the interleaving clock as clock and inverse of the clock. This 
gives an interleaving of a factor of 2. In this way a 400MHz external clock generates 800 
MSPS, Figure 4. 

Figure 3: Clock phases on interleaved ADQ1600
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Yet another way is to generate the phases from the fundamental clock. A 1.75 GHz clock in to 
the ADQ108 is set up to generate 4 phases and thus 7 GSPS. 

On SDR14, the external clock has to be 2X the sampling frequency because of the AWG 
update rate. 

3.7 ADC data clock

Data out from the ADC has a data clock for synchronizing with the data input in the FPGA. 
This clock is derived from the sampling clock in a divider. When changing the sampling clock 
frequency, this clock will also change. This may affect the timing of data in to the FPGA. 

The ADC data clock rate is not of interest for the user in normal operation, but it is important 
when using the ADQ Development Kit for developing custom firmware. 

3.8 PLLs in the FPGA

Some parts of the FPGA has to run synchronous to the data clock in order to maintain the 
data rate. There are PLLs that regenerate internal clocks from the data clock. Since the data 
clock is derived from the sampling frequency, changing sampling frequency will have an 
impact on the PLLs in the FPGA. The frequency range for these PLLs is very limited. There-
fore the number of settings on the sampling frequency is limited. 

In ADQ V5 there is a low frequency mode and a high frequency mode which set different 
parameters to these PLLs. When the internal clock frequency is changed, these settings are 
selected automatically. But when using an external clock, the settings has to be selected by 
the SetClockFrequencyMode() command. 

SDR14 contains ADCs for the acquisition, DACs for signal generation and an advanced trig-
ger synchronization. Changing the clock frequency would interfere the timing between these 
parts and synchronism on the digitizer cannot be maintained. Therefore SDR14 only allows 
limited tuning around the specified clock frequency. 

Figure 4: Clock phases on interleaved ADQ114
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3.9 Sample skip1

The data rate can be reduced by changing the clock rate to the ADC. However, this affects a 
lot of parts in the system. An alternative is to reduce the data rate in the FPGA by discarding 
samples. This is the sample skip function. For example, setting sample skip to 2 will save 
every second sample. This is the same as reducing the sample rate by a factor of 2. See ADQ 
API users guide for more details. 

See Table 5 and Table 6 for frequency listing on ADQ412. 

3.10 Decimation

Decimation is sample skip preceded by a low pass filter for noise reduction. Decimation is 

available on ADQ2142. 

4 Synchronizing several digitizers

4.1 Background

To build a system with many channels, several digitizers are needed. These has to be syn-
chronized. There are several parameters in the measurement set up that calls for different 
solutions. Synchronization is also necessary for sample precise triggering of a large number 
of channels. 

4.2 Straight forward free running operation 

The internal clock of the digitizers is extremely accurate. The deviation from the nominal fre-
quency is in the order of a few ppm. In many situations this is enough. With an external trigger 
and only a few kilo samples per record this straight forward solution may be good enough. 

4.3 Common clock reference 

Although the internal clock accuracy is a few ppm, this deviation can build up to several sam-
ples in the end of long records (record length 100 kSamples). In a system with several digitiz-
ers, the deviation between channels may be significant. In this case a common clock 
reference may lock the frequencies in the different devices to each other. 

A common clock reference is also crucial for the time stamp function, which counts sample 
clock periods from a certain time point. Drifting clocks may result in differences in the time 
stamp counters. This is solved with a common clock reference. 

There is a clock reference input on the front panel. 

For PXIe and MTCA formats, a clock reference from the backplane may be used.

On ADQ V6, there is a clock reference output which can be used as clock reference input of a 
to a second card. 

4.4 Direct external clock. 

The direct clock input is available for synchronization of systems where a sample clock i 
already available. It gives no direct advantages over a reference distribution except on the 
ADQ V5 products, see Section 4.5. 

1. Contact an SP Devices’ sales representative for information on which digitizers that support sample skip
2. Contact an SP Devices’ sales representative for information on decimation option for other digitizers.
16-1692 PB3 
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4.5 Clock distribution ADQ V5 only 

On ADQ V5, the VCO divider is not phase locked to the reference. Therefore, the sampling 
clock phase may vary from start-up to start-up, Figure 5. This is normally not an issue. But if 
the synchronism is required, is can be handled by using an external clock source or by the 
extended trigger accuracy (see trigger application note). For larger systems with several digi-
tizers, the ADQTDU can do clock distribution and trigger distribution, Figure 6. See datasheet 
of ADQTDU for more information. 

Figure 5: Clock phases on ADQ V5 

Figure 6: Using ADQTDU for synchronized operation on ADQ V5. 
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5 Setting frequency in ADCaptureLab

On ADQ V5 digitizers, setting clock frequency in ADCaptureLab will change the dividers in the 
clock distribution. Since the divider is an integer, the number of available frequencies are lim-
ited. 

On ADQ V6 digitizers, setting the clock frequency changes the PLL dividers. 

6 Clock jitter and phase noise

There are 2 types of clock uncertainty; jitter and phase noise. 

If the internal clock generator is used, The digitizer will be subject to phase noise. This is typi-
cally the integral of a Gaussian stochastic process. The result is a widening of the signal, a 
skirt in the frequency domain. 

The other clock uncertainty is jitter. When the frequency is locked to a fixed reference, each 
clock edge is an independent Gaussian process. The result is a flat noise floor. This jitter is 
translated to noise by the model 

SNR = 20 log10 (1 / (2 pi f t) ) (1)

The ADQ412 has an SNR of 49 dB at 2 GHz. This yields 280 fs RMS jitter. The noise is fre-
quency dependent. It has to be measured at a high frequency, 

7 Examples

7.1 Synchronizing to an external equipment

It is possible to use the external clock reference to synchronize to an external equipment. If 
the external equipment has a 10 MHz reference, this is straight forward. But not all systems 
are based on multiples of 10 MHz. Synchronizing to these systems requires frequency plan-
ning and tuning of the digitizer clock system. 

Using, for example, a 30.72 MHz clock reference on an ADQ1600 is possible. The VCO tun-
ing range is 1400–1800. Using r-divider = 1 and n-divider = 48 gives a VCO frequency of 
1.4746 GHz. The sample rate is then 1.4746 GHz.

7.2 Setting clock freqeuncy 

The VCO of ADQ214 has a tuning range from 1400 to 1800 MHz with a nominal frequency of 
1600 MHz. The sampling frequency is set in the clock divider. The clock divider can do 

VCO_frequency/2/N where N is 2, 3, 4, 5, ... (2)

The frequencies are nominal 400, 266.7, 200 ... MHz. Assume that the PLL settings are fixed 
and that the external reference is tuned up and down from a nominal 10 MHz. The PLL divider 
ratio is found as 

VCO_frequency / Reference_frequency = 1600/10 = 160 (3)

The VCO tuning range gives a limit on the clock reference range as 

[ 1400 / 160 = 8.75
1800 / 160 = 11.25 ] (4)
16-1692 PB3 
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The available sampling frequencies over the tuning range are then for N=2:

[ 1400 / 2 / 2 = 350
400 ] (limited by ADC spec) (5)

For N=3, the range is 

[ 1400 / 2 / 3 = 233.3
1800/2/3 = 300 ] (6)

and so on. Note that there is a gap between 300 MHz and 350 MHz which cannot be reached. 
This range can only be accessed with external clock. 

Instead of tuning the external reference frequency, it is possible to tune the PLL divider ratio 
and get the similar result. The sampling frequencies will then be in the same range, but set in 
discrete steps. 

8 Clock frequency ranges. 

8.1 Parameters

There are sets of clock frequency ranges for each digitizer. Table 4 summarizes settings on 
the different digitizers. 

8.2 Setting the external clock on ADQ412. 

The external clock of ADQ412 can be set to any value according to the “EXT CLK” column of 

the Table 41. The combination with sample skip result in a set of available sampling frequen-
cies, see Table 5, Table 6 and Figure 7. 

MODEL VCO [GHZ]1

1. Limited by VCO. Other parameters may put tighter requirements on the tuning range.

FS CLOCK FREQUENCIES2

2. Available clock frequency range. ADCaptureLab settings using PLL divider. SetPLL()

N3

3. ADCaptureLab settings using clock distribution divider. SetPLLFreqDivider(). 

EXT CLK SAMPLE SKIP

ADQ114 1.4 – 1.8 0.8 – 2 – 20 0.4 1 2 4 8 12 16 ...

ADQ214 1.4 – 1.8 0.4 – 2 – 20 0.4 1 2 4 8 12 16 ...

ADQ108 1.4 – 1.8 7 7 6.5 6 – 1.75 1 2 4 8 16 32 
64 128

ADQ412 1.72 – 2.25 1 / 
2

[1000 950 900 860] / 
[2000 1900 1800 1720]

– 1 – 0.86/ 
1 – 0.86 

1 2 4 8 16 32 
64 128

ADQ412–3G 1.4 – 1.8 1.8 / 
3.6

[1800 1700 1600 1500 1400] /
[3600 3400 3200 3000 2800]

– 1.8 – 1.4/ 
1.8 – 1.4 

1 2 4 8 16 32 
64 128

ADQ412–4G 1.72 – 2.25 2 / 
4

[2000 1900 1800] / 
[4000 3800 3600]

– 2 – 1.8 / 
2 – 1.8 

1 2 4 8 16 32 
64 128

ADQ1600 1.4 – 1.8 1.6 – – 1.6 1 2 4 8 16 32 
64 128

SDR14 1.4 – 1.8 0.8 – – 1.6 1 2 4 8 16 32 
64 128

Table 4: Parameters

1. Correct function is not guaranteed outside these ranges. 
16-1692 PB3 
2017-10-04 10(13)



Clocking Application Note
13-1088-PA7 2017-10-04

11(13)
SAMPLE SKIP ADQ412–1G ADQ412–3G ADQ412–4G

1 860 900 950 1000 1400 1500 1600 1700 1800 1800 1900 2000

2 430 450 475 500 700 750 800 850 900 900 950 1000

4 215 225 238 250 350 375 400 425 450 450 475 500

8 108 113 119 125 175 188 200 213 225 225 238 250

16 54 56 59 63 88 94 100 106 113 113 119 125

32 27 28 30 31 44 47 50 53 56 56 59 63

64 13 14 15 16 22 23 25 27 28 28 30 31

128 6.7 7.0 7.4 7.8 11 12 13 13 14 14 15 16

Table 5: Sample skip clock frequencies in 4 channels mode

SAMPLE SKIP ADQ412–1G ADQ412–3G ADQ412–4G

1 1720 1800 1900 2000 2800 3000 3200 3400 3600 3600 3800 4000

2 860 900 950 1000 1400 1500 1600 1700 1800 1800 1900 2000

4 430 450 475 500 700 750 800 850 900 900 950 1000

8 215 225 238 250 350 375 400 425 450 450 475 500

16 108 113 119 125 175 188 200 213 225 225 238 250

32 54 56 59 63 88 94 100 106 113 113 119 125

64 27 28 30 31 44 47 50 53 56 56 59 63

128 13 14 15 16 22 23 25 27 28 28 30 31

Table 6: Sample skip clock frequencies in 2 channels mode

Figure 7: Clock frequencies for ADQ412 versions in 2 and 4 channels mode and sample skip. 
16-1692 PB3 
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8.3 Setting the internal clock on ADQ412

The internal clock frequency can be sett according to Table 41. These settings are accessed 
via ADCaptureLab or the ADQ API command SetPLL(). The combination with sample skip 
result in a set of available sampling frequencies, see Table 5, Table 6 and Figure 7.

1. Correct function is not guaranteed outside these ranges. 
16-1692 PB3 
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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
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