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 3D breast cancer detection system using EIT

 The Sussex EIT system is based on a four-
electrode method 

 The excitation current: 0.2mA to 2mApk-pk

 The voltage meter: 14-bit ADCs with input 
range of 5Vpk-pk

 Operation frequency: around 10 frequency 
points from 10kHz to few megahertz

 Planar electrode plate

 Single source share by drive and receive 
multiplexers 



Fig.1 A schematic of an general GIC combined with an 

improved Howland current source circuit  (Ross 2003 

and Oh, T.I 2007)

The improved Howland source needs to match the

ratio of R1 / R2 and R3 / (R4a+R4b) to the maximum

output impedance is achieved. So, it used digital-pot in

place of R3 and Z5.



In an ideal implementation of CCII+, the voltage at X node (VX) does equal that at

Y node (VY) and the current at Y node equal that at TZ node. However, the

characteristic functions in actual format are given by, VX=βVX, IY=0 and ITZ=±αIX

,where β and α are tracking error of voltage and current. The OCCII increases the

accuracy compared to a CCII (Sedra A, 1970). The additional op amp is

connected in a negative feedback loop in the CCII to form the OCCII circuit (right

fig), reduces the transfer function error in conveying the current.

Fig. 2 Current model of CCII (left fig.) and simplified current follower in CCII 

(middle fig.) and combination of op amp and CCII as a OCCII (right fig.)



Fig.3 A schematic of an OCCII-GIC combined with an improved 

Howland current source circuit by using digital-pot. (Cicekoglu,1998)



The system cancels different capacitances at
different frequencies using coarse and fine
digital-pots, Y3 and Y4, respectively. The OCCII
uses three OPA656 operational amplifiers, input
capacitance 2.8pF, and two AD844S ICs, output
capacitance 4.5pF. The capacitances (from data
sheet) of the 100step X9C102 digital-pot used is
10pF at both ends and 25pF at the wiper.
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Fig. 4 The simulation graph shows a multi-frequency AC sweep output
of the OCCII-GIC and improved Howland current source. Digital-pot
Y4 (100Ω to 5kΩ, increment in 10 logarithmic step per decade) for
different loads from 1kΩ to 5kΩ.
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Fig. 5 The simulation graph shows the AC sweep output of the OCCII-
GIC and improved Howland current source. Digital-pot Y4 (100Ω to
5kΩ, increment in 10 logarithmic step per decade) at a frequency of
4MHz with different loads from 1kΩ to 5kΩ.
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