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INTRODUCTION 

For many imaging designs it is necessary to add ac coupling capacitors to the analogue inputs of the 
AFE to remove the dc offset generated by the sensor.  In the majority of cases this will be required for 
CCD style sensors but may also be applicable to some CIS sensors.  The selection of the capacitor 
can have a large bearing on the quality of conversion and therefore requires careful selection.  This 
document explains the purpose of the decoupling capacitor and aids with selection of the correct 
value. 

 

AC COUPLING CAPACITOR SETUP 

Figure 1 demonstrates how the three channels of a sensor, Red-Green-Blue, are ac coupled to a 
Wolfson AFE. Note: For monochrome or sequenced RGB output sensors only a single channel is 
required. 

CCD Sensor Wolfson AFE

Red

Green

Blue

AC Coupling
Capacitors

 

Figure 1 Power Supply Arrangement with Noisy Supplies 

Many imaging sensors will have dc offset associated with the analogue output, which will be specified 
in the manufacturer’s datasheet and in some cases can be up to 10Vdc.  The analogue signal applied 
to any Wolfson AFE must be in the range from 0V to AVDD.  Figure 2 indicates the potential problem. 

 

Figure 2 DC Offset Connection to AFE 

As can be seen from Figure 2, adding a capacitor alone does not resolve the problem.  With the 
capacitor in place the dc from the sensor is blocked, however, the connection into the AFE then drifts 
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around zero volts causing a portion of the signal to go below 0V and out of the permissible range of 
input to the AFE. 

To resolve this problem Reset Level Clamping (RLC) must be applied to clamp the ac coupled signal 
to a known dc level, this allows the input to fall within the range 0V to AVDD.  This clamping is 
normally completed during the RESET portion of the sensor output. Figure 3 is an example of RLC 
clamping and timing associated. 
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Figure 3 RLC Clamping 

RLC CLAMPING EFFECT 

The clamping needs to be considered with respect to the frequency.  When RLC clamping is selected 
the length of clamp is determined by MCLK.  This internal clamp is named CL and is displayed in 
Figure 4. 
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Figure 4 Reset Sample and clamp timing 

The CL clamp lasts for one MCLK cycle and the Reset sample is taken on the rising edge of MCLK at 
the end of the CL pulse. 
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Therefore the length of time per clamp is: 

Clamp time = 1 / MCLK frequency 

For every RLC clamp command the ac coupling capacitor will be charged for the clamp time duration. 

 

SENSOR INPUT SIGNAL AMPLITUDE 

The dc level on the ac coupling capacitor depends on the length of time of the capacitor charging, the 
value of capacitance, the voltage applied and the resistance in the circuit. Figure 5 shows the 
equivalent circuit that represents the common R/G/BINP input to Wolfson AFE’s.    
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Figure 5  AFE Equivalent Input Circuit 

 

In some situations, where the AFE is used at higher frequencies, the generally recommended 220pF 
ac coupling capacitor value maybe too small. In these circumstances the capacitor should be 
changed in order to achieve correct operation and minimize the drop across the capacitor. The 
internal capacitance for the Wolfson AFE is approximately 10pF. Using this value in a theoretical 
potential divider calculation will provide an accurate guide to the minimum external capacitor required. 
The input waveform from the sensor is potentially divided across the two capacitors, Figure 5.  The 
amplitude of the signal sampled internally to the Wolfson AFE is at a level described by the equation: 

 

VSAMPLE = VSENSOR * [XCAFE / (XCC + XCAFE)] 

 

Where: XCAFE = 1 / [2πfCAFE] and XCC = 1 / [2πfCC] 
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EXAMPLE 

An example of the effect of poor selection of input capacitor on the amplitude of the signal is as 
follows: 

A system requires ac coupling for a 6MSPS CCD sensor.  Initially a 100pF capacitor is selected to ac 
couple the 0.5Vp-p Signal.  The actual input signal amplitude sampled within the AFE is calculated 
using the following values: 

 

VSENSOR = 0.5Vp-p, CC = 100pF, CAFE = 10pF 

 

The reactance is calculated thus: 

 

XCAFE = 1 / [2πfCAFE]   = 1 / [2π * 6e106 * 10e10-12] = 2652.6Ω 

XCC = 1 / [2πFCC]   = 1 / [2π * 6e106 * 100e10-12] = 265.26Ω 

 

And the actual sample voltage is: 

 

VSAMPLE = VSENSOR * [XCAFE / (XCC + XCAFE)] 

VSAMPLE = 0.5 * [2652.6 / (265.26 + 2652.6)]  

VSAMPLE = 0.5 * 0.909 = 0.454Vp-p 

 

The minimum input signal (i.e. sampled amplitude) may potentially be 0.4V therefore the drop 
across the ac coupling capacitor is very significant in terms of maximising the dc input range. 
Increasing CC, for example, to 330pF would increase VSAMPLE = 0.485Vp-p and so increase the input 
range.   

  

SUMMARY 

This application note explains the importance of careful choice of ac coupling capacitors between 
imaging sensors and Wolfson AFE devices. The choice of capacitor is related to the maximum 
sampling frequency expected to be encountered in the application where the device is used. 
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APPLICATION SUPPORT 

If you require more information or require technical support please contact Wolfson Microelectronics 
Applications group through the following channels: 

Email:   apps@wolfsonmicro.com 

Telephone Apps: +44 (0)131 272 7070 

Fax:  +44 (0)131 272 7001 

Mail:  Applications at the address on the last page. 

or contact your local Wolfson representative.  

Additional information may be made available from time to time on our web site at 
http://www.wolfsonmicro.com 
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 IMPORTANT NOTICE 

 

Wolfson Microelectronics plc (WM) reserve the right to make changes to their products or to discontinue any product or service 
without notice, and advise customers to obtain the latest version of relevant information to verify, before placing orders, that 
information being relied on is current. All products are sold subject to the WM terms and conditions of sale supplied at the time of 
order acknowledgement, including those pertaining to warranty, patent infringement, and limitation of liability.  

WM warrants performance of its products to the specifications applicable at the time of sale in accordance with WM’s standard 
warranty. Testing and other quality control techniques are utilised to the extent WM deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those mandated by government 
requirements.  

In order to minimise risks associated with customer applications, adequate design and operating safeguards must be used by the 
customer to minimise inherent or procedural hazards. Wolfson products are not authorised for use as critical components in life 
support devices or systems without the express written approval of an officer of the company.  Life support devices or systems are 
devices or systems that are intended for surgical implant into the body, or support or sustain life, and whose failure to perform when 
properly used in accordance with instructions for use provided, can be reasonably expected to result in a significant injury to the 
user. A critical component is any component of a life support device or system whose failure to perform can be reasonably 
expected to cause the failure of the life support device or system, or to affect its safety or effectiveness. 

 

WM assumes no liability for applications assistance or customer product design. WM does not warrant or represent that any 
license, either express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property right of 
WM covering or relating to any combination, machine, or process in which such products or services might be or are used. WM’s 
publication of information regarding any third party’s products or services does not constitute WM’s approval, license, warranty or 
endorsement thereof.  

 

Reproduction of information from the WM web site or datasheets is permissible only if reproduction is without alteration and is 
accompanied by all associated warranties, conditions, limitations and notices. Representation or reproduction of this information 
with alteration voids all warranties provided for an associated WM product or service, is an unfair and deceptive business practice, 
and WM is not responsible nor liable for any such use.  

 

Resale of WM’s products or services with statements different from or beyond the parameters stated by WM for that product or 
service voids all express and any implied warranties for the associated WM product or service, is an unfair and deceptive business 
practice, and WM is not responsible nor liable for any such use. 

 

ADDRESS: 

 

Wolfson Microelectronics plc 

20 Bernard Terrace 

Edinburgh 

EH8 9NX 

United Kingdom 

 

Tel :: +44 (0)131 272 7000 

Fax :: +44 (0)131 272 7001 

Email :: sales@wolfsonmicro.com 

 

 

 


