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Abstract: New relationships of displacement signal using four and only two opposite sectors on quadrant photodiode are 
derived. Sensitivity of position sensitive devices with quadrant photodiode is analyzed. The sensitivity is bigger for (1+1) 
than (2+2) configuration, for equal parameters. This is an important parameter in designing of command and control devic-
es in laser guidance systems. 
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1. Introduction 

Lasers systems positioning have special treatment, be-
cause this resolution is bigger than radar and other devices. 
A number of application laser positioning includes tracking 
illuminated of target and its measurement of angular posi-
tion [1], [2]. 

A precise determination of laser beam position or laser 
illuminated object position using quadrant photodiode can 
be made in two different arrangements of four photodiode 
sectors. In a combination, two and two sectors (2+2) are 
used [2], [3], in the second combination, only two sectors 
(1+1) are used [4] to obtained displacement signal. As it is 
known, a displacement signal is a function of the irradiance 
distribution on a sensitive surface of photodiode [2].  

In this paper, a constant irradiance distribution is as-
sumed since a derivation of displacement signal for the 
Gaussian distribution is too complicated. The relations of 
displacement signal and sensitivity of a position sensitive 
detector for both configurations (1+1) and (2+2) are de-
rived. Sensitivity as a function of displacement distance is 
analysed.  

2. Displacement Signals 

Geometry of a quadrant photodiode with a laser spot 
centred at (x0, y0) is shown in Fig.1. Firstly, we assume a 
constant laser beam spot of radius r. Also, in Fig. 1, four 
segments and two coordinate systems are shown. 

 
Fig.1. A quadrant photodiode geometry  

A direct measurement of displacements x0 and y0 by 
processing signals from the quadrant photodiode is not 
possible. Having measured the signals, it is possible to de-
termine the ratios of displacements and a light spot radius, 
e.g. x0/r and y0/r.  For determining these relations, it is es-
sential to know the irradiance distribution on the photodi-
ode surface.  The spot parameter in xoy coordinate system 
is given by the equation: 

2 2 2
0 0( ) ( )x x y y r− + − =                   (1) 

The same equation in polar coordinates is obtained by 
the substitutions 0 0 0cos( ), cos( )x xρ ϕ ρ ϕ= = and 

0 0 0sin( ), sin( )y yρ ϕ ρ ϕ= = , to obtain: 
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2 2 2
0 0 02 cos( ) rρ ρ ρ ρ ϕ ϕ+ − − =          (2) 

If the irradiance on the photodiode surface is a constant 
one, then the optical power on sector is Pk =E0Ak, where E0 
is the irradiance at the photodiode surface, and AK is the 
area of the illuminated part of the k-th sector or quadrant of 
the photodiode. 

The displacement signals along x and y axes are obtained 
from the difference of the signal received by the pair sec-
tors. The difference of the signal power is a function of the 
irradiance, laser power and atmosphere conditions, and the 
distance between a laser source and photodiode. These are 
reasons for normalization form of displacement signals. A 
normalized form of displacement signal for combination of 
four sectors (2+2), we can write [2] for x,y orthogonal 
channels: 
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(3) 

The displacement signals along ζ and η axes are obtained 
from the difference of the signal received by the sectors S1 
and S3, and S2 and S4, respectively. A normalized form of 
displacement signals for two sectors (1+1), we can write [4] 
for ζ,η orthogonal channels: 
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The displacement signals are assumed to be proportional 
to the areas along four quadrants, and they are calculated 
from the double integral being given here for the sector S1: 

( )2
/2 ( ) /2

1
0 0 0

( )

2
A d d d

π ρ ϕ π ρ ϕ
ρ ρ ϕ ϕ= =∫ ∫ ∫              (5) 

where A1 is the spot area on the first sector surface S1. 
The radius ( )ρ ϕ is obtained from (2) in a form of 

( )2 2 2
0 0 0 0 0( ) cos( ) cos( ) rρ ϕ ρ ϕ ϕ ρ ϕ ϕ ρ= − + − − + (6) 

For sectors S2, S3 and S4, the limits of the angles φ, are 
respectively ( / 2, ), ( ,3 / 2), (3 / 2,2 ).π π π π π π  

The normalized form of displacement signals in the 
combination (2+2), according to the Eq.(3), along x and  y 
axes is obtained  in the one 
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The normalized form of displacement signals in the 
combination (1+1), according to the Eq.(4) along ζ and  η 

axes is obtained in the one 
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The normalized displacement signals (7) and (8) in polar 
coordinates are shown in Fig.2.  

 
 Fig. 2. The normalized displacement signals εx and εζ as a function φ0, for 

ρ0/r=0.5 and 1. 

The normalized displacement signals depend on both pa-
rameters, the maximum displacement signal is always 
around axes for each value of ρ0/r, as it is shown in Fig.2. 
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Also, the normalized displacement signal increases with 
ρ0/r, and the maximum value of displacement signal is 
obtained for ρ0/r=1. 

The normalized displacement signals (7) and (8) in the 
Cartesian coordinates are shown in Fig. 3. 

 
Fig.3. The normalized displacement signals εx (doted) and εζ, for two 
values of y0/r, as a function of the normalized distance x0/r. 

The normalized displacement signal (7) εx (doted) in 
Fig.3 is a function only to normalized displacement centres 
(x0/r). Therefore, the normalized displacement signal εζ  
from (8), for two sectors (1+1), is  a function of both x0/r 
and y0/r, as it is shown  in Fig.3, for two values y0/r. For 
other axes, the same result is obtained, as it is given in (7) 
and (8).  

The normalized displacement signals εx and εy are de-
pendent on only one coordinate, and can be used in an un-
coupled laser tracking system. The normalized displace-
ment signals εζ and εη are dependent on both coordinates, 
and can be used in a coupled laser tracking system. 

3. Sensitivity 

A sensitivity is defined as the first derivation of dis-
placement signal. For (2+2) configuration, from (7), it is 
derived   
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From (9), the sensitivity tends to zero for ρ0/r=1, and the 
sensitivity has the maximal value around the centre of pho-
todiode, where Smax=4/(rπ), φ0=0. In Fig.4, the change of 
sensibility is shown as a function ρ0/r .  

The sensitivity is changeable in respect to ρ0/r and φ0, as 
it is shown in Fig.4. The maximum value of the sensitivity 
is around the centre quadrant photodiode, ρ0=0. The sensi-
tivity increases when the angle decreases, the angle is 
measured from x-axes.  

 

 
Fig.4. The sensitivity for (2+2) configuration as a function of normalized 

distance ρ0/r (r=2.25mm), for three values of φ0=0, and π/4 (**). 

Also, from (9), the sensitivity increases if the radius of 
spot decreases, for the constant ρ0/r. In Fig. 5, the change 
of sensibility (9) as a function radius of spot is shown. 

 
Fig.5. The sensitivity for (2+2) configuration as a function radius of spot 

ρ0/r=0.5 for φ0=π/4.  

A theoretical analysis of the quadrant photodiode sensi-
tivity, where the Gaussian distribution of the light spot ir-
radiance is assumed is given in [5]. The sensitivity was 
calculated for a full range of the ratio between the light 
spot radius and the photodiode radius. In this paper, it is 
shown that the sensitivity decrease, while the radius of spot 
increases. 

The sensitivity for (1+1) configuration from (8) is de-
rived for εζ displacement signal in the form of 
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We can see the sensitivity (10) becomes too complicated 
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for the analysis. The change of sensitivity is given in Fig.6. 

 
Fig.6. The sensitivity for (1+1) configuration as function of normalized 

distance ρ0/r (r=2.25mm), for two values φ0=0, and π/4 (**). 

The sensitivity is changeable in respect to ρ0/r and φ0, as 
it is shown in Fig.6. The maximum value of sensitivity is 
around the centre of quadrant photodiode, ρ0=0. The sensi-
tivity increases with the angle φ0, the angle is measured 
from x-axes. 

The sensitivity given in (9) and (10) for x and ζ axes, as 
a function of angle φ0, is shown in Fig.7. 

 
Fig.7. The sensitivity for (1+1,--), and (2+2) configurations as a function 

of angle φ0, for ρ0/r=0.2, and r=2.25mm. 

The sensitivity for both configurations are changeable in 
respect to M  as a cos(φ0), as it is shown in Fig. 7.  

The sensitivity is bigger for (1+1) than (2+2) configura-
tion, for the equal parameters, as it is also seen, comparing 

the diagrams in Fig.4 and Fig.6. The similar results are 
obtained in [6], only around the centre of the quadrant pho-
todiode. This is a significant result in designing command 
and control devices of laser guidance systems.  

4. Conclusion 

The analysis of displacement signals shows that the 
normalized displacement signals εx and εy are independent, 
and can be used in the uncoupled laser tracking system, but 
the normalized displacement signals εζ and εη are depen-
dent, and can be used in the coupled laser tracking system.  

The analysis of the sensitivity where the constant distri-
bution of the light spot irradiance is assumed. The sensi-
tivity is calculated for the full range of the ratio between 
the distance centre of light spot and the light spot radius. 
The sensitivity in (1+1) configuration is better than the 
sensitivity in (2+2) configuration.  This result can be used 
in designing command and control devices of the laser 
guidance systems. 
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