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ABSTRACT

We present a new centroid computation circuit with very 

low dc offset and high bandwidth. A novel test setup is 

also shown to test adaptive optic integrated circuits. Static 

and dynamic simulation and test results of the centroid 

computation circuit are shown. Compared to the work of 

Deweerth [1] we report a 4.3 times increase in the 

bandwidth in both simulation and test results. The 

centroid circuit is fabricated in the AMI 0.5µm CMOS 

process.  A 1D centroid circuit with 7 photodiodes has 

dimensions equal to 765µm x 90µm. 

1. INTRODUCTION 

Operating the MOS transistor in subthreshold facilitates 

building large-scale parallel-processing systems which 

consume very low power. Sensory information is 

essentially analog in nature.  On-chip processing of 

sensory information in the analog domain reduces the 

latency which exists in digital processing systems that 

utilize analog-to-digital conversion and digital signal 

processing.  The work presented here illustrates the use of 

analog, sub-threshold CMOS circuits for parallel sensory 

information processing. 

Centroid computation circuits can be used to find the 

location of a bright region [1] or object [2] in an image. 

Pioneering work [1] in centroid circuits used the simple 

differential pair amplifier and a resistive divider network 

for position encoding and centroid computation. The 

simple differential pair can introduce a considerable 

amount of dc offset, thereby reducing the accuracy of the 

centroid computation. Moreover, its bandwidth is limited 

for a given photocurrent and junction capacitance. 

In this work, a centroid circuit with low dc offset and 

high bandwidth is presented. A novel test setup is built 

using an IC probe station and optical equipment using 

mostly off-the-shelf components.  

2. CENTROID COMPUTATION 

The centroid of an image incident on a pixel array 

typically computes the location of the brightest spot 

among a group of pixels.  The centroid is defined as the 

first moment of the image [1] and is given by 
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where in is the current of the photodetector at the nth

position and vn is the voltage corresponding to the 

position of the photodetector on the resistive grid. The 

centroid circuit proposed by Deweerth [1] is shown in Fig. 
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Fig.1 Centroid computation circuit with aggregation 

network, differential pair elements, and resistor divider [1] 

The difference of the two currents ia and ib gives rise 

to a hyperbolic tangent function when the MOS transistors 

of the differential pair are operated in subthreshold.  
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where vn is the input differential voltage of the nth

differential pair, VT is the thermal voltage, and  is the 

subthreshold slope coefficient, typically 0.6 – 0.9.  

The difference in the currents produces an error 

voltage which is then fed back to the differential pair as 

the reference voltage. The current difference is integrated 

until the two output aggregated currents are equal. At this 

point, the feedback output voltage Vout represents the 

centroid of the photodiode array.

The limitations of this circuit are the offset of the 

differential pair and the limited bandwidth of the circuit. 

We model a photodiode (a reverse-biased p+/n- junction) 

as an ideal current source (Iph) in parallel with a junction 

capacitance (Cph).
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Fig. 2: Photodiode with a load and equivalent circuit 

The time constant at the photodetector node is given by  

)phininin C(CR (3)

where Rin  and Cin are the input resistance and input 

capacitance of the load and Cph is the capacitance of the 

photodiode.  For N photodiodes hooked up in parallel 

)( phininin CNCR (4)

Hence the bandwidth is given by  
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The input resistance of a differential pair of Fig. 1 is 
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A differential amplifier circuit with a low dc offset and an 

input resistance less than 1/ gm is desired.

3. PROPOSED CENTROID CIRCUIT 

In order to achieve low systematic dc offset, a self-biased 

cascode [3] differential pair is used. This differential pair 

is used with an active-input current mirror [4, 5] in order 

to achieve high bandwidth. 

 In Fig. 3 W/L3, 4 >> W/L1, 2. The W and L of M1 and 

M2 are typically chosen to be large in order to provide 

good matching. Transistors M3 and M4, on the other 

hand, are made with minimum L and have a much larger 

W than that of M1 and M2 in order to provide high gain. 

The W/L of transistors M1 and M2 were chosen to be 

6µm/3µm and those of M3 and M4 were 30µm/0.6µm.  

 The active-input amplifier reduces the impedance at 

the photodetector node by a factor A, which is the gain of 

the feedback op-amp. This provides an increase in 

bandwidth. The feedback op-amp is comprised of a simple 

NMOS differential pair and a PMOS current mirror.  
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In order to ensure stability of the mirror, a compensation 

capacitor should be placed from the gate of M9 to ground. 

Alternatively, the feedback op-amp is biased at a very low 

current in order to stabilize the active-input current mirror. 

A scale factor K = 5 was used for current scaling in order 

to increase the bandwidth of the differential pair.  
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Fig. 3: Active-Input Current Mirror Amplifier 

For a photocurrent of 1nA, a bias current of 30pA for 

the feedback op-amp, and Cload of 8.2pF attached to the 

output Vout, a phase margin of 63.3° was obtained in 

simulation.  For the active-input amplifier the systematic 



dc offset and bandwidth were -60.3µV and 1.14 kHz, 

respectively.  For a simple differential amplifier, the 

systematic dc offset and bandwidth were -3.39mV and 

0.265 kHz, respectively. Thus a 4.3 times increase in the 

bandwidth was obtained in simulations of the active-input 

amplifier when compared to the simple differential 

amplifier.  

 The active-input amplifier was used as the basic cell 

in a 1D centroid computation circuit, as shown in Fig. 3.  
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Fig. 3: One-Dimensional Centroid Computation Circuit 

A 1-dimensional centroid computation circuit was made 

with 7 photodiodes. A 1nA current was used to represent 

the photocurrent of a single photodiode when a bright 

light was incident on it, whereas all other photodiodes had 

photocurrents of 10pA, representing dark current.  V1 and 

V7 were set at -45mV and +45mV, respectively. The 1nA 

current switched sequentially from Iph1 to Iph7 using piece-

wise-linear current sources. The transient simulation is 

shown in Fig. 4. 

Fig. 4: Transient simulation of the 1D centroid circuit 

The maximum error between the theoretical and simulated 

values for the 1D centroid circuit was -0.9%.

4. EXPERIMENTAL RESULTS 

The 1D centroid circuit was fabricated in the AMI 0.5µm 

process. A test setup was built with optical equipment and 

an IC probe station [6]. The block diagram of the test 

setup is shown in Fig. 5. 

Lens Filters

Microscope

Monitor

Eye-piece

Camera
Chip

Computer

Chopper

LASER

Fig. 5: Block diagram of the Test Setup 

 The intensity of the laser is reduced by placing filters 

in the path. The lens is used to change the spot size. A 

chopper is used to pulse the laser ON and OFF at a 

variable rate from 0 Hz to 4 kHz. A chopper has several 

blades separated by slots. The laser beam is blocked by 

the blades and allowed to go through the slots. The 

chopper is rotated by a motor.  By increasing the speed of 

the motor, the chopper speed is increased, thereby 

producing laser pulses at a higher frequency.  

 An aluminum adapter was machined with openings 

for the laser, lens, filters, and chopper. This adapter fit 

onto the eyepiece of the microscope. The laser light is 

input through the eyepiece.  At the same time, the image 

of the chip is captured by the camera and viewed on a 

monitor.  A picture of the test setup is shown in Fig. 6. 

Fig. 6: Picture of the Test Setup 

 The laser intensity and spot size were adjusted to 

produce a 1nA photocurrent from a 20 m x 20 m n+/p- 

photodiode. The chip and dc power supplies were placed 

inside a metal box to reduce interference from external 

noise. Two types of measurements were performed. 

4.1. Static Measurements 

The laser spot was moved from the left to right (Iph1 to 

Iph7) and the output centroid was measured for 3 chips. A 



comparison of the measurements versus simulations 

results is shown in Fig. 7. The static measurements show 

that the output increases monotonically for the three chips.  

Fig. 7: Static Measurement and Simulation results for the 

1D Centroid Computation Circuit 

4.2 Dynamic Measurements 

In order to test the response of the 1D centroid circuit for 

time-varying inputs and to estimate the bandwidth, 

dynamic measurements were performed. The laser was 

pulsed using the chopper.   

 Measurement and simulation results at a low 

frequency (40 Hz) are shown in Fig. 8. There is a small 

amount of ringing which is seen both in measurements 

and simulation at low frequencies. The measurement and 

simulation results at the corner frequency (1.14 kHz) are 

shown in Fig. 9. In both of these plots, measurement and 

simulation results closely match. 

5. CONCLUSIONS 

In this paper a new circuit for centroid computation was 

proposed. The circuit has lower systematic DC offset and  

Fig. 8: Dynamic Measurement versus Simulation results 

for the 1D Centroid Circuit at a low frequency (40 Hz) 

Fig. 9: Dynamic Measurement versus Simulation results 

for the 1D Centroid Circuit at 3-dB frequency (1.14 kHz) 

high speed. Indeed, a 4.3 times increase in the bandwidth 

was observed in measurements and simulations as 

compared to previous work.  A novel test setup was built 

to test the centroid circuit which can be used for dynamic 

measurement of adaptive optics integrated circuits.  
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