
Technical information

Characteristics and use of 
photo IC diodes
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Overview1

The photo IC diodes are devices that boost the pho-

tocurrent generated from a photodiode approx. 1300 

times (or 30000 times). They output current and can be 

used in the same way as a photodiode applied with a 

reverse bias.

The photo IC diodes are used in various types of light 

level detection applications. For example, a type with a 

spectral response close to human eye sensitivity is used 

as an energy-saving sensor to adjust the brightness of 

TVs and the like.

Features

The photo IC diodes are two-terminal devices that are 

as easy to use as a photodiode yet produce a large cur-

rent equivalent to that of a phototransistor. It also has 

good linearity characteristics.

Table 1 shows the photo IC diode lineup. When clas-

sified by spectral response, there are two types avail-

able: infrared and visual-sensitive compensation. The 

visual-sensitive compensation type provides a spectral 

response close to human eye sensitivity without a 

visual-sensitive compensation filter.

[Figure 1] Spectral response
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  (b) Visual-sensitive compensation type (➁)
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[Table 1] Photo IC diode lineup

Product Type
Package

(plastic)

Peak sensitivity 

wavelength

(nm)

Photocurrent

2856 K, 100 lx
(mA)

S7183
➀ Infrared type

SIP with lens
650

1.0

S7184 Surface mount type 0.18

S9066-211SB

➁ Visual-sensitive 
compensation type

SIP

560

0.19 to 0.35

S9067-201CT Surface mount type 0.18 to 0.34

S13948-01SB Head-on type (same form as the CdS cell 5R type) 0.18 to 0.34

S10604-200CT Surface mount type 0.21 to 0.39

S11153-01MT Surface mount type 0.325 to 0.495

S11154-201CT ➂ Surface mount type 580 0.07 to 0.15
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  (c) Visual-sensitive compensation type (➂)
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Structure2

Figure 2 shows a photo IC diode application circuit ex-

ample. The photo IC diode amplifies the photocurrent 

generated by a photodiode.

[Figure 2] Application circuit example (➀)
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Characteristics3

This section explains the characteristics of a typical 

photo IC diode S13948-01SB.

Figure 3 is an application circuit example of the visual-

sensitive compensation type.

There are two photosensitive areas on the chip, one for 

signal detection and another for compensation with 

sensitivities only in the near infrared region. An inter-

nal arithmetic circuit subtracts the photocurrent of 

the photodiode for compensation from the photocur-

rent of the photodiode for signal detection resulting in 

a spectral response with sensitivities limited more or 

less to the visible region. The signal is then amplified 

by a current amplifier and is output.

Figure 4 shows the linearity of the photocurrent. If the il-

luminance exceeds 500 lx, the linearity tends to degrade.
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[Figure 3] Application circuit example (➁➂)
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[Figure 4] Photocurrent vs. illuminance (S13948-01SB)
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[Figure 5]   Dark current vs. ambient temperature 
(S13948-01SB)
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[Figure 6]   Photocurrent vs. ambient temperature 
(S13948-01SB)
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[Figure 7]  Dark current vs. reverse voltage (S13948-01SB)
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[Figure 8]  Rise and fall times vs. load resistance (S13948-01SB)
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[Figure 9] Directivity (S13948-01SB)
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[Figure 10]   Color temperature distribution producing the 
same integral value at human eye sensitivity
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Figure 10 shows the human eye sensitivity curve 

(characteristics of the human eye sensitivity to light) 

and color temperature spectra. The graph is plotted 

so that the illuminance observed by a person is the 

same for each color temperature. It is desirable for the 

sensor’s spectral response to match the human eye 

sensitivity curve, but in reality, there is deviation. This 

deviation causes color temperature error output. If 

we assume an incandescent lamp that includes light 

output in the infrared region and a fluorescent lamp 

that hardly includes it having the same illuminance, 

the output values detected by a sensor that has sensi-

tivities in the infrared region will be different. A visual-

sensitive compensation type photo IC diode, such as 

the S11154-201CT, does not use an external visual-

sensitive compensation filter, but its spectral response 

is adjusted close to human eye sensitivity to reduce 

color temperature error output (see Figure 11).
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[Figure 11] Light source color temperature vs. output
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How to use4

Because the photo IC diode amplifies the photocur-

rent to output current, a large output voltage can be 

obtained by connecting a load resistance. Connect 

the cathode so that a positive potential is applied to 

it [Figures 2, Figure 3]. If high-frequency components 

must be eliminated, we recommend that a low-pass 

filter load capacitance (CL) be inserted in parallel with 

the load resistance (RL). In this case, the cutoff fre-

quency (fc) is expressed by equation (1).

fc = ............ (1)1
2πCLRL

Figure 13 shows the photocurrent vs. reverse voltage 

characteristics (light source: LED) for the measure-

ment circuit example in Figure 12. The output curves 

are shown for each illuminance level of light source A 

conversion. The output curve rises from a reverse volt-

age (rising voltage) of approximately 0.7 V.

To protect the internal circuit in the event a current ex-

ceeding the absolute maximum rating flows, a protec-

tion resistor of approximately 150 Ω (±20%) is insert-

ed. Reverse voltage (VR) when the photo IC diode is 

saturated is the sum of Vbe(ON) and the voltage drop 

across protective resistor (Rin).

VR = Vbe(ON) + IL × Rin ............ (2)

[Figure 12] Measurement circuit example
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The photo IC diode’s reverse voltage (VR) is expressed by 

equation (3) according to the voltage drop across the ex-

ternal resistor. This is indicated as load lines in Figure 13.

VR = Vcc - IL × RL ............ (3)

In Figure 13, the intersections between the output 

curves and the load lines are the saturation points. 

From these points, the maximum detectable light level 

can be specified. As the maximum light level is deter-

mined by supply voltage (Vcc) and load resistance (RL), 

change them according to your conditions.

Note:   Vbe(ON) has a temperature characteristics of 

approximately -2 mV/°C, and the protective re-

sistor approximately 0.1%/°C.

[Figure 13]   Photocurrent vs. reverse voltage 
(S13948-01SB)
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