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The eyes of the electronic world

are watching

ilicon photo sensors have been in electronic circuits since
the inception of the era of silicon electronics. More than
likely, scientists quickly discovered the photo-sensing
characteristics of silicon in the lab, as they worked from
the daylight hours into the evening. To this day, IC design-
ers regularly cover their wafers under test to shield out ex-
traneous light. Although the light sensitivity of silicon is an undesirable

by-product of the silicon, system de-
signers have exploited this transfer of
light into electrical energy in various
systems. Consequently, a wide variety
of applications use silicon to sense the
intensity and characteristics of light.
In these systems, a silicon sen-
sor converts light into charge or an
electrical current. These silicon sen-
sors are the “eyes” in the electronics
world that users can employ to ana-

lyze blood, search noninvasively for
tumors, detect smoke, position equip-
ment, or perform chromatography, to
name a few applications. Basically,
system designers understand how to
convert light into a current, but the
real challenge is determining how to
convert the low-level currents from
the photo sensor into a useful electri-
cal representation. To further exacer-
bate the difficulty of the design, the
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Dpp=IDEAL PHOTODIODE.

lsc=CURRENT GENERATED BY LIGHT.
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AoL((Ww)=AMPLIFIER OPEN-LOOP GAIN.

Figure 1 A transimpedance photo-sensing circuit
is not without its design challenges.
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required accuracy in these appli-
cations continues to increase.
The traditional design topolo-
gy of the transimpedance ampli-
fier captures this low-level signal
in a hybrid approach that starts
with an amplifier and a high-val-
ue resistor in the feedback loop.
The circuit design uses resistance
to provide a real-time, linear rep-
resentation of the light source.
This circuit places the photodiode
across the amplifier’s inverting in-
put and ground of the operation-
al amplifier. A resistor with a val-
ue of 100 k€ to 10 MQ connects
the inverting input of the ampli-
fier to the output. You then con-
nect the noninverting input to
ground (Figure 1). Light excite-
ment on the photo sensor gener-
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ates charge. The only path of escape
for this charge is through the high-
value resistor in the amplifier’s feed-
back loop.

The simplistic approach in Figure
1 is not without its design challenges.
The operational amplifier must have
relatively low-picoampere input-bias
currents and low input capacitance.
An appropriate amplifier for this cir-
cuit would have a FET- or a CMOS-
input stage with low-voltage noise and
microvolt-offset specifications. In the
end, the designer optimizes the stabili-
ty, bandwidth, low-noise performance,
and layout of this transimpedance-am-
plifier circuit.

The final design method is not al-
ways intuitively obvious. The photo
sensor, operational amplifier, amplifi-
er-feedback element, and these parts’
parasitics combine to create quite a
rat’s nest of formulas for consideration.
The signal after the transimpedance
amplifier requires a multipole analog
filter. In this manner, combining the
input and filtering stages separates the
signal of interest from the noise floor.
A sampling ADC digitizes the signal
after the analog filter.

Photo-sensing circuits have changed
over the years. The first approach was
purely analog, using the transimped-
ance amplifier and following it with
a lowpass filter. From the classic tran-
simpedance amplifier, the switched
integrator has gained favor. The
switched integrator was the first step
toward bringing the digital portion of
the circuit closer to the signal source.
The migration of the photo-sensing-
application product has moved on to
totally integrated systems, such as the
charged digitizing ADC.
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