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Observations: 
● When disconnected from any source whatsoever, the TIA produces a voltage slightly 

less than its positive input reference voltage, as if it were seeing a very small input 
current 

○ The voltage drop in this case is ~250-300 uV, and is observed both with the 
Keithley 2450 in voltage measurement mode, with the 5 ½ digit meter, and with 
the onboard ADC of the TIA 

○ This corresponds to an observed offset of approximately 250-300 pA 
○ The ADA4522 that we are using as the TIA has an input bias current of 50pA 

typical and an offset voltage of 0.7uV typical. 

 

  



Method: 
To obtain the calibration fit curve, I first sample the ADC code for a variety of input currents. I 
then plot these against eachother, and obtain the slope and offset of this line (see table 1, and 
fig 1). I then take this relation, and apply it back to the measured ADC codes to see what the 
“predicted” input current is using those numbers.  
 
TABLE 1: Sample ADC readings 

 

 
Figure 1: Slope of ADC Codes to Input Current 

 slope -0.000297938  

 offset 2,449.44  

Displayed 
Current [nA] 

ADC Value Calculated Current % diff 

9.998 8187855.1 9.970030356 0.279752 

20.005 8154295.4 19.96872841 0.181313 

29.994 8120801.3 29.94788176 0.153758 

39.997 8087290.7 39.93195108 0.162634 

50.004 8053369.7 50.03829401 0.068583 

59.993 8019944.1 59.99703863 0.006732 

70.003 7986306.9 70.01882686 0.022609 

80.013 7952585.6 80.06567164 0.065829 

90 7919305.6 89.98103654 0.021071 

100 7885708.2 99.99096685 0.009033 



 

 
Figure 2: TIA output error vs sourced input current 

 
Note that if I instead apply the slope and offset values to a new data set the results are 
approximately the same.  
 
 

  



Simulations: 
I did some new simulations and redid some old ones after discovering this problem.  
 
LTSpice Simulation: 

 
Figure 3: LTSpice circuit model (using 1Mohm gain) 

 
Figure 4: LTSpice simulation result 

In fig 2, the green line is the TIA output voltage, and the blue line is the TIA input reference 
voltage (ignore the curve, that is just a product of the step response in the simulation, the 
important part is the starting level).The LTSpice simulation assumes worst case additive error 
from all sources of the ADA4522.  
 
The offset error in the LTSpice simulation is approximately what I see in real life, approximately 
200uV offset error at zero input current.  



 
TINA-TI Simulation: 
I reran the TINA sim that I originally used to create the concept for this TIA, and zoomed way 
into the start of the range on the DC sim portion (see fig 5). 

 
Figure 5: TINA-TI circuit simulation (using 1Mohm gain) 

 
The TINA-TI model reports an offset of ~100uV. 
 
  



Notes: 
● The Keithley 2450 has the following accuracy spec, which is problematic when trying to 

calibrate for very small amounts of current 

 
 

 

 1uA range 100nA range 

Displayed Current [nA] Keithley Err (% of reading) Keithley Err (% of reading) 

9.998 3.02560012 1.06020004 

20.005 1.524625094 0.559875031 

29.994 1.02520004 0.393400013 

39.997 0.775056254 0.310018751 

50.004 0.624952004 0.259984001 

59.993 0.52505834 0.226686113 

70.003 0.453553062 0.202851021 

80.013 0.399939072 0.184979691 

90 0.358333333 0.171111111 

100 0.325 0.16 



● I have tried removing the relay and the USB connector from the board and redoing the 
zero-input measurement, and I still observe the same ~300uV drop at the output 

● Each “sample” I take from the ADC is actually a 1 second sample where the ADC is 
running at 2KSPS, and the sample is the averaged result of these 2000 measurements. 
The intent here is to assist in removing the effects of noise.  

● When I use the keithley to produce small amounts of current (~50pA), I do still see 
the appropriate amount of voltage drop across the output. So the input is not 
being swamped by this offset, merely being moved away from zero.  

● I measured this effect on the rev 1 TIA as well, and saw nearly the same results of 
300uV offset (the leakage on the rev 1 board from flux was so bad that when I cleaned it 
and saw this when I did the testing for rev 1 I did not think about the small offset value 
being a problem). 

● I measured the difference in voltage between the guard trace and the input pin of the 
TIA, and could not measure any discernible difference.  

● I also measured this effect on the other channel of the rev 2 TIA, and noticed it there as 
well (even more pronounced since ch2 has the 10Mx gain resistor still).  


