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Application Note:
Biased input for unipolar pulses
Some of the ADQ series of digitizers is offered with a biased input. This is used for systems with
unipolar pulses. A biased analog input makes it possible to use the entire signal range for the unipolar
signal. This document is based on ADQ1600-PB. Differences may exist on other digitizer models.
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1

Introduction

The ADQ series of digitizers is available with a positive or negative bias applied to the input.
The application note describes the properties of the biased input. The bias is fixed and
installed at production. All examples in this documents assume a positive bias of 90% on an
ADQ1600-PB digitizer1. The discussion in, however, valid for any positive or negative bias.
A typical application is a charge detector, where all signals have the same polarity. The system has a baseline and the pulses are unipolar from this baseline. By applying a bias on the
analog input of the digitizer, the entire signal range can be used for the pulse. Figure 1 illustrates how the signal range of the digitizer is optimized to capture a pulse with large amplitude.
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Figure 1: Signal levels for positive bias in a pulsed system.
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Definition of bias level

The bias level is defined in percent of the total range. In this document, a positive bias of 90 %
is applied to a 14 bits converter. The 14 bits converter has 214 = 16384 codes with values
ranging from –8192 to +8191. This means that 90 % bias correspond to the digital code
16384 * 0.9 –8192 = 6554. In calibration, this number is rounded to 6500.
The analog input is biased to 90 % of the range. The range for ADQ1600 is 2 Vpp. The bias is
at 90 % of 2 V, meaning that the negative pulses can be up to –1.8 V and the positive overshoot can be 0.2 V.

1. There may be deviations on other digitizer models with positive bias.

13-1070 PA1
2017-10-04

2(6)

Biased input for unipolar pulses Application
13-1070-PA1 2017-10-04
3(6)

3

Implementation

The block diagram for the implementation is shown in Figure 2. This diagram is used in the
following description.
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Figure 2: AC coupled biased input and digital correction.
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Analog input

The analog input is AC coupled. The circuitry for the positive bias is placed after the AC coupling. It is therefore not seen on the analog input connector, Figure 2.
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Calibration

The analog bias level is determined by electrical components with tolerances. The analog
level is thus not exact. A digital calibration procedure is done at production to compensate for
component mismatch. During the calibration, the offset level is measured and a compensation
value is calculated. The compensation value is then is added to the digital signal out from the
ADC in real time, Figure 2.
Since the calibration is digital, it will move the signal range and a few codes in one end will be
lost. In the example in Figure 3, the analog bias is a bit too low. A digital correction is added to
move the offset level to the desired ideal bias level. This is done digitally by adding a number
to the digitized signal. The addition will also influence the range and a small part of the digital
range will not be used. This unused range is in the order of a few percent and can be
neglected in most systems.
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Figure 3: Example of calibrated positive bias. A few percent loss in signal range.

Table 1 list examples of digital calibration
parameters. Calibration is done so that a zero
analog input result in a digital code value at
the calibration level. The maximum value of
MODEL
ADQ1600

Table 1:
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BIAS
Positive bias 90%

CALIBRATION LEVEL
6500 [codes]

CALIBRATION PARAMETER MAX
500 [codes]

Calibration levels for one case.

Base line tracking

The digital calibration is done at one occasion
in the production. To follow fluctuations in the
bias level over time, the SP Devices’ proprietary interleaving technology ADX is included
in the digitizer. ADX constantly analyzes the
offset in the background updates correction
parameters during operation, Figure 2. Read
more about ADX in general in [2] and how to
control ADX in [3].
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calibration parameter is the maximum level of
unused rage in Figure 3.

User setting

It is possible to do an offset adjustment in
user’s software by using the SetGainAndOffset()-command, [1]. The calibration may also
be bypassed by the SetGainAndOffset()-command. An offset adjustment procedure is typically
1. Terminate the analog input with 50 Ohms
2. Collect a large set of data and measure
the offset as the mean value.
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3. Set offset by using the SetGainAndOffset()-command.
4. Set target level in ADX.
Note that if ADX is activated and set to track
to a certain level, any adjustment may be
overruled by ADX. It is therefore necessary
to, either set ADX to follow the offset in one of
the interleaved ADCs or adjust the target
level of ADX, [3].
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Absolute maximum ratings

The bias in as analog signal level at the input
of the sensitive analog to digital converters.
This analog signal is added to the input signal
as an offset. The result is that absolute maximum ratings is not symmetric. A positive
biased digitizer will be more sensitive to positive pulses than to negative pulses. See
Table 2 for a comparison between biased
and not biased inputs.
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MODEL
ADQ1600
ADQ1600
ADQ1600-PB

BIAS
No bias
No bias
Positive bias 90%

ADQ1600-PB

Positive bias 90%

Table 2:
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LIMITS
+/– 2.15 V
+/– 4.3 V
+ 1.76 V
– 3.84 V
+ 3.54 V
– 5.28 V

CONDITION
Low frequency (<10MHz)
High frequency (>10MHz)
Low frequency (<10MHz)
High frequency (>10MHz)

Example of absolute maximum ratings for ADQ1600-PB (with biased input) and
ADQ1600 without bias.
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Important Information
Teledyne Signal Processing Devices Sweden AB (Teledyne SP Devices) reserve the right to make corrections, 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 complete. 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 warranty 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 instructions 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 document 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 PRODUCTS 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) RELATING 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.
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