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In conventional “plane-pixel” architectures, a compacted design rule and reduced 

device dimension will generally be implemented for pixel shrinkage to maintain a 

reasonable photodiode fill-factor then restrain full-Well-capacity (FWC) degradation. 

Nevertheless, as shown in figures-1a and 1b, pixels with a reduced size source follower 

(SF) may suffer the penalty of read-noise floor increasing because of an increased 

voltage gain variation to worsen pixel fixed-pattern-noise and a significant random 

telegraph noise (RTS) [1] to induce a skewed-right non-Gaussian noise distribution. 

Therefore, “how to reach an optimum trade-off between FWC and pixel noise” becomes 

an important task for fine pitch pixel design. 

 It is well known that the RTS is originated from the trapping/de-trapping effect by 

single oxide defect in the device gate region and it can be effectively reduced via 

enlarging the device channel length [2-3]. A test vehicle fabricated by TSMC N65 CIS 

process is used to examine the impact of SF gate length on pixel temporal noise. The 

relative cumulative pixel temporal noise distributions corresponding to various SF 

channel length are plotted in figure-2a. Meanwhile, the noise level associated with the 99 

and 99.9 percentile of the relative cumulative population are extracted and shown in 

figure-2b to inspect the change of tailing population. Obviously, it is found that the tailing 

population in a non-Gaussian noise distribution is dramatically reduced while SF channel 

length is increased from 0.25um to 0.55um. On the other hand, pixels with its SF gate 

length longer than 0.55um couldn’t get further reducing in the tailing population. It seems, 

besides the oxide trap in the gate region, another noise source would contribute a 

residue outlier to pixel temporal noise distribution. 

Various bias schemes and operation settings are used to analyze the noise source 

which induces the afore-mentioned residue outlier in noise histograms. Pixels with a 

0.8um SF channel length are chosen to minimize the effect of RTS and reset transistors 

(RST) are set at normally-on mode to eliminate charge injection noise. First of all, RSTs 

are operated in linear region to clearly define the SF gate bias and the resultant temporal 

noise histograms corresponding to different SF drain bias are measured and plotted in 

figure-3. The skew between the measured distribution and an ideal Gaussian, which is 

defined as the normalized difference for the noise level associated with the 99.865 

percentile of relative cumulative population, is extracted and shown in the last row of 

table-1 to quantify the effect of tailing population on resultant noise distribution. As could 

be seen, the skew level is kept around 15X standard deviation (STDEV) and insensitive 
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to SF drain bias variation while the SFs are operated in deep saturation region. On the 

other hand, this level is decreased from 15X STDEV to 1.5X STDEV as moving the bias 

point of SFs toward linear region. These phenomena imply the residue outlier in noise 

distribution is generated by defects located at the drain side of SFs and their effect could 

be deactivated by the presence of an inversion layer under the gate region.  

Next, various bias schemes are applied for RSTs to inspect the variation of noise 

distribution. As shown in figure-4, an increased tailing population can be observed while 

RSTs are biased in the moderate saturation region. Choosing a pixel in the outlier of 

noise distribution, the temporal noise variation corresponding to different RST drain bias 

is examined and shown in figure-5. A huge excess noise can be detected while the RST 

operation point is biased in weak and moderate saturation regions. It means defects 

located nearby RST gate edge are generated then induce an extra noise. This excess 

noise could be screened out either by the passivation effect of inversion layer or a higher 

drain bias to conduct the noise charge toward drain side instead of source side. At last, 

the leakages of reversed-biased gated-diodes under different gate bias are measured 

and the resultant histograms are plotted in figure-6. Again, the existence of gate edge 

defects can be observed because of an increased tailing population with decreasing gate 

bias.  

Consequently, it is concluded that gate edge defects in pixels would induce an 

excess generation-recombination noise source then contribute an outlier to a skew-right 

non-Gaussian noise distribution. Moreover, the effect of gate edge damage on pixel 

noise would be enhanced in case pixels with fully junction isolation (JI) are adopted to 

reduce temporal noise level by eliminating STI interface scattering [4]. Figure-7 shows 

the plots of relative cumulative pixel noise distribution corresponding to pixel arrays with 

STI and JI.  The noise levels associated with the 99.9 percentile of relative cumulative 

distribution are 82 LSB and 91 LSB for STI and JI, respectively. Apparently, due to the 

impact of gate edge damage, pixels with JI architecture get a higher tailing population in 

noise distribution. Hence, the optimization of gate etching recipe and subsequently 

re-oxidation process would be one of the keys to achieve low-noise CIS process. 
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Figure-1a. A plot of the within-array SF 

voltage gain variation versus SF channel 

length. The average SF gain is equal to 0.825 

 

 
Figure-1b. A skew-right non-Gaussin noise 

distribution induced by RTS noise. 

 

Figure-2a. The relative cumulated population 

of pixel temporal noise distribution 

corresponding to various SF channel length  

 

Figure-2b. The variation of pixel temporal 

noise associated with the 99 and 99.9 

percentile of a relative cumulative population 

under different SF channel length  

 
Figure-3. The pixel temporal noise histograms 
corresponding to various SF drain bias. The 
SF channel length is equal to 0.8um. 

 
Table-1. The skew between the resultant pixel 

temporal noise distribution and an ideal 

Gaussian under various SF drains bias.



 

 

Figure-4. The variation of pixel temporal noise 

distributions under different bias schemes for 

RST. 

 

 
Figure-5. The impact of drain bias on the pixel 

temporal noise associated with a chosen pixel 

in the tailing population of figure-4. 

  

 
Figure-5. The distribution of reverse-biased 

gated-diode leakage under different gate 

biases. 

 

Figure-7. Relative cumulative temporal noise 

distribution corresponding to APS array with 

STI and fully-junction isolation (JI)  
 


