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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Intelligent opto sensors

Introduction

An important application for signal conditioning, is to amplify sensor signals from the
outside 'real’ world; and to generate appropriate signals for conversion to digital
processing. In this section we consider techniques of measuring light and delivering these
analogue measurements into the digital domain.

The simplest real-time measurement of light level is the simple photo-diode. In a photo-
diode, incident radiation is absorbed by the silicon, to generate hole-electron pairs. These
in turn give a photo-current across a reverse-biased p-n junction.

For a photo-diode current-mode sensor, the current is proportional to the light
intensity.

Photo-diodes may be modified into photo-transistor elements or be used with appropriate
op amps and then with data conversion elements to deliver a measurement of light level
to a digital control circuit. In this section we shall examine structures which combine
light sensing, signal conditioning and data conversion in integrated structures. Such
devices will offer convenience of use at modest cost.

The Texas Instruments' LinCMOS™ process, used extensively for low input-offset
operational amplifiers, can be easily adapted by the addition of light shields to make
integrated photo-sensor structures. A photo-diode made by this process is responsive
from 400 nm to 1100 nm (visible and short infra-red) when encapsulated in transparent
plastic. The TSL250 and TSL230 integrated light sensors respond over this entire
spectral range. However, by modified encapsulation a more restricted response (visible
only, or infra-red only) can be achieved. An example of such a device is the TSL260.
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Light-to-voltage sensors TSL250/TSL260

Overview

In this section, we shall describe how a current mode sensor is combined on a chip with
relatively simple signal conditioning elements, to make a useful device. We shall consider
the example of the TSL250 first. The TSL250 light-to-voltage converter solves some basic
application needs. It is particularly suitable for analogue measurement of low light levels
in an electrically noisy environment.

TSL250/TSL260 Light to Voltage Sensor

P Voltage
tput
'___Ou pu

PIN 1 GND
PIN 2 Vdd
PIN 3 Vo

Vp @ Light Intensity

In the TSL250, a large area photo-diode is combined with a trans-impedance amplifier, so
the photo-diode current output is converted to an output voltage.

Three versions of the device are produced, with different photo-diode areas, and internal
feedback resistor values.
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Sensitivity Variants

TSL250 gives 2V output for 25 microwatts/cm?2
TSL251 " " for 60 microwatts/cm?
TSL252 " " for 425 microwatts/cm?
TSL 250 Output Voltage
10
Vag =8V

x = 550 nm
No Loed ~ W
T =25°C
v /
Output ) / Tstzs/
Voltage . .

0.1 /
// TsLzs2
0.01 /
0.001
0.1 1 Irradiance Micr«:}wan/cﬂ'l2 10 100

To get some idea of what these incident light levels mean, we can consider a photo-metric
equivalence (for visible radiation) of 90 lux = 14 pW/cm?.

Dusk, when street lights are turned on, is about 70 lux. The TSL250 gives 2 V output at
150 lux. Office lighting at a work surface is typically 300-400 lux, where a TSL251 would
give 2 V output. The TSL252 would give 2 V output in outdoor daylight illumination.

The TLS250 family is appropriate for a wide range of light sensing applications in light
level control over a wide range of light levels, for security applications, and for boiler
flame control in gas or oil heaters.

Characteristics

The LinCMOS™ trans-impedance amplifier (similar to the well-established Texas
Instruments operational amplifier TLC272 ) provides stable low input-offset. The TSL250
offers high dynamic range, with linear output up to 3V, with only 3 mV output in the
dark.
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

The TSL250 has a significant advantage over discrete photo-diode light sensors under
low illumination, since the high impedance output node of the diode is internal to the
device. This makes the TSL250 inherently less sensitive to external electrical noise, so a
highly stable sensitive detector can be realised without expensive and cumbersome
screening techniques. Similarly the TSL250 is inherently less prone to current leakage
problems in detector circuit assemblies.

TSL250 / TSL260 Spectral Responsivity
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/
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Wavelength - nm

In summary, the TSL250 family has a highly linear, stable, low-impedance voltage
output. The TSL250 output is stable with temperature, changing by 1 micro volt per
degree Celsius. This is because the temperature coefficient of the polycrystalline silicon
feedback resistor compensates the temperature coefficient of the photo-diode.

The TSL250 operates off a single supply voltage ( it is characterised at Vpp =5V , but
will operate between 3V and 9V ), and consumes little current ( 800 pA at V=5V
when illuminated ).

The TSL250 family is offered in a high-volume clear plastic side looker package. For
applications like infra-red remote control where the device should not be affected by
ambient visible light, the same silicon die can be packaged in a light-blocking, infra-red
transmissive plastic. The family of infra-red-only light to voltage sensors is the TSL260,
TSL261 and TSL262. The sensitivity of these filtered devices is less, with the voltage
output at the peak response wavelength approximately halved.
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

TSL250 / 260 Responsivity Variants

300 - 1100 nm 800 - 1100 nm

TSL250 - 25 uW/cm? TSL260 - 48 uW/cm?

TSL251 - 45 uW/cm? TSL261 - 87 uW/cm?

TSL252 - 285 uW/cm? TSL262 - 525 uW/cm?

Input Irradiance for 2 V Output

Speed Vs Responsivity
The internal feedback in the trans-impedance amplifier increases from the TSL252 to the
TSL250. As the feedback is increased the speed is reduced. The TSL252 output rise and
fall times are typically 7 ps, for the TSL251 they increase to 90 ps, and for the TSL250
they are 360 ps. In the TSL260 family the response time of each device corresponds to its
unfiltered (TSL250) equivalent. For example the TSL261 has the same output rise and
fall times as the TSL251.

The basic die design could be extended to higher speed operation, trading responsivity for
speed, by reducing the diode area and the feedback resistor and capacitor values -- the
extremely low dark voltage resulting from the LinCMOS™ technology would permit this.

From a 5-V supply rail the TSL250/TSL260 families give a linear output up to
approximately 3 V, and saturate typically at 3.5 V. Use of a pull-up resistor can extend
the linear output range to within typically 10 mV of the positive supply rail, with a
penalty of only a few milli-volts increase in the dark level output. A TSL250 or TSL260
can be combined with an appropriate ADC to deliver light measurement to a digital
processor.
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

3 V Digital Control Using TSL260

3V =VDD

R
\ CONTROL

LIGHT TSL260 o—pa TLV1549 PROCESSOR |—» CIRCUIT

A simple schematic is shown, see figure 1.46, combining the TSL260 with the 10-bit serial
input ADC TLV1549. A pull-up resistor is used to give a good dynamic range from a
nominal 3.3-V positive supply rail. The lowest dark level is obtained by use of a high pull-
up resistor value, but this exacts a penalty in conversion speed. A resistor value of
100 kQ will allow measurements of low light level, since the dark current level is
typically 3 mV; however the conversion speed will be only 300 Hz. To run the TSL262 at
its maximum speed with this simple circuit the resistor value would need to be reduced
to 1 kQ and the dark current level would increase typically to 15 mV.

The next device we shall consider operates through a different principle and is capable,
at modest cost, of giving high resolution, linearity and speed.

Light-to-frequency sensors TSL230

Overview

Next we shall examine a high performance and low cost technique of delivering the
output from a light sensor into the digital domain. Tnstead of classic conversion of an
analogue sensor output through an A-D converter (either discrete as in the example of
the TSL260 and the TLV1549; or with the A-D converter integrated into a micro
controller, or sensor system processor like the TSS400) a photo diode current can be
converted into a frequency output. This output can be handled by a counter or timer.

1.6 Q;
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Thus high precision light measurement can be accomplished without the cost of separate
analog to digital conversion.

TSL230 Block Diagram

VDD Frequency X
T Light Intensity

\ - UYL

10X 10 Switched C Output

Light Photodiode I-F
Array Converter
——e
Output
Enable
S
Sensitivity Select Output Select
+ Power Down (Frequency Scale)

The device to realise this is a low-cost programmable device, the TSL230. This enables a
wide dynamic range of light level to be measured with high precision, linearity and
temperature stability; or rapidly changing light levels to be processed. The TSL230 can
be directly coupled to a digital processor, in micro controller, or logic control as the
application dictates.

TSL230 Characteristics

The TSL230 is a monolithic programmable light-to-frequency converter. It is currently
the only device of its kind to offer direct high resolution conversion of visible and short
infra red radiation into digital format.

It contains an array of 100 photo diodes with a patented current-to-frequency converter

(using switched capacitor charge metering). The output is a pulse train, with frequency
proportional to the light intensity incident on the active photo diode area. Input lines
from the digital control circuit provide real-time control of the TSL230 sensitivity (unlike
the earlier TSL220 device no external capacitors need be provided) and offer a power-
down function; also the output frequency can be scaled to match the characteristics of the
digital control circuit. For stable or slowly changing light levels, very high resolution
may be obtained by pulse counting; for rapidly changing iight levels the pulse separation
may be timed.

TexAs
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

The TSL230 operates from a single supply (from 3V to 6 V) drawing typically 2 mA
supply current. These is a pin-programmable power-down option, reducing the supply to
10 micro amps when the sensor is not active. This is useful for portable, battery powered
applications.

Output Frequency vs Irradiance

1000 T
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Eg - Irradiance - uW/cm?

The programmable sensitivity of the TSL230 is effected by a simple electronic technique,
switching in different numbers of the 100 elements of the photo diode matrix. These
sensitivity ranges (X1, X10, X100) can be chosen through the logic levels of input pins S
and S,. The digital control circuit can thus optimise the TSL220 operation to the ambient
light level, preserving the full output frequency range. The light levels of 0.001 to
100,000 pW/am? can be accommodated directly, without the expense of filters.

For cost reasons, low cost micro controllers with limited frequency range may wish to be
used for the digital control circuit. The TSL230 has two input lines Sg and Sg to provide
output frequency scaling. Options are an undivided pulse train with fixed pulse width, or
square wave divide-by-2, -10, or -100 outputs. There is also an output enable pin, so that

the TSL230 can be placed in a high impedance state when not required. This is useful for
applications where several input devices share a micro controller.

The TSL230 is temperature compensated to give a stable 300 ppm change in output
frequency per degree Celsius (at 660 pm radiation).

The non-linearity error is low; being typically only 0.2% full-scale for the output
frequency range 0 to 100 kHz. Dark output is typically only 1 Hz.

The TSL230 is offered in a transparent 8-pin Dual-In-Line package. It is highly versatile
and suitable for a wide range of light-measuring and position-detecting applications.

1.8
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

The pulse output gives the TSL230 high noise immunity, making it suitable for industrial
environments.

Typical applications of the TSL230 include water turbidity measurement, flame control
in heaters, light-metering, fluid absorption measurement, paper handling, and general
visual process control.

For slowly changing or stable light sources, the wide dynamic range of the TSL230
enables high precision measurements to be made. Further, since the TSL230 output
responds pulse by pulse, the device can also sense quickly changing light sources. An
application brief (SLBT003 - TI Library Ref) demonstrates how to take 16-bit or 8-bit
measurements using 3 popular microcontrollers from Texas Instruments, Motorola and
(Arizona) Microchip. Program listings are given.

TSL235 Pre-programmed Light to Frequency Converter

It is clear that for the essential light to frequency conversion function only three
connections are required - the voltage source, the ground and the output. To reduce user
cost even further a pre-programmed variant -TSL235- is offered in a low cost, three
terminal sidelooker package. This package is identical to that used in the TSL250 light to
voltage converter described earlier. In the TSL235 the photodiode array is
preprogrammed so that all one hundred elements are always used. The output frequency
divider is also fixed in the divide-by-2 setting which gives a square wave output. The
TSL235 thus operates up to 500 kHz maximum output frequency and preserves most of
the dynamic range of the TSL230.

TSL235 Block Diagram

VDD Frequency ¢
T Light Intensity
switchedC | o LI LIL
10X:|0 1-F Output
nght PhOtOdIOde Converter
Array P

L
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Line arrays - TSL213/TSL215
TSL213 Functional Block Diagram

Summary

The TSL213 array illustrates how a complex sensor, which integrates light-sensing ,
analogue and digital elements, can offer the prospects of low system cost, and ease of
design.

The TSL213 is a 64-element line sensor, fabricated from the established Texas
Instruments LinCMOS™ mixed-mode volume wafer technology. The pixels have a 125
micron centre-to-centre spacing. The TSL213 is a charge-mode sensor. That is, during an
exposure period, a charge is developed on each pixel proportional to the product of the
light intensity and the exposure time ( in this it is like a CCD imager, and analogous to
photographic film).

TSL213 FUNCTIONAL BLOCK DIAGRAM
v
CcC
Pixel
| Sense Node
R e e 12 2
J__ 2 | Di!lerlenlial S:::IS
B I Y B N s gl f 2
| Pixel Selector Switch | Generalor
461 000 AS64 4
Nonoverlapping Clock
Reset Generator
- AQ1 o § _ —_— _p
000
CLK l 64-Bit Shift Register Generator >
si—p—ro e

On a single TSL2}3 die are integrated the light-sensing pixels, analogue signal
conditioning, and digital address and switch elements ( equivalent to approximately 2500
gates ).

The internal complexity of the die has been chosen, to make the device easy to use in a
microprocessor or digital processing system environment. To operate the TSL213, only a
single 5V supply and integration (exposure) and pixel output clock pulses are required.

1.10 i
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Characteristics

The TSL213 operates at data rates between 10 kHz and 500 kHz. The relatively large
pixel size permits assembly in a high volume low cost 14-pin plastic dual-in-line package.

The TSL213 is recommended as a real alternative to either discrete photo-sensor arrays
or to CCD line imagers in sensing systems where more than one sensor is required, and
the sensors form part of a digital control system. Typically the pixel size in a line CCD
imager is 10 microns, and for a discrete photo-diode or photo-transistor is 1000 microns.
At 125 microns pixel size, the TSL213 is appropriate for many applications.

Function Blocks

The functional structure of the TSL213 is shown in Figure 1.50. There are 64 pixels in a
line array, which are addressed individually (unlike CCD where all pixel charges are
switched along an analogue register simultaneously).

The exposure or integration period is defined as the time between clock pulses on the
Serial Input (SI) pin. The integration period is chosen in each application to give a
suitable output level for the light intensity available.

The charge in each pixel is transferred to the output sense node by means of the Clock
Pulse (CLK). The sense node generates a signal voltage directly proportional to the
charge. -

A 64-bit shift register controls the transfer of charges to the output and provides timing
signals for the non-overlapping clock generator (NOCG). The NOCG provides internal
control for the sensor elements, including charge sensing and reset. The reset establishes
a known voltage at the sense node in preparation for the next pixel charge transfer. This
voltage is used as a dark reference level for the differential signal amplifier. By means of
the NOCG, feedthrough clock noise is eliminated at the output. The sample-and-hold
signal generated by the NOCG holds the voltage analogue output of each pixel constant
until the next pixel is clocked out.

TeExAs
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

TSL213 Timing Diagram

TSL213 Timing Diagram

/ /
CLK [64 Cycles l Clock Continues or Remains Low After 65th Cycle 64 Cycles ]
7 /
Iy b 1 g
si_ 1 / / N
sQ jj| ] / n_
[ — )
A T Analog Output Period ,/ / | e

Combination Of Arrays

The architecture of the TSL213 enables more than one array or die to be connected in
series or parallel configuration. Thus a 128 pixel device (TSL215) may be easily created.
The 64 pixels of the TSL213 die are in groups of 8 pixels; the outputs of different groups
may be balanced by means of resistors which can be fused to one of 5 levels at multi-
probe. This enables long uniform arrays of pixels to be realised -- practical 1728 pixel 200
dpi A4 facsimile contact sensors can be made by serial connection of TSL213 dice.

Several TSL213 imager die may be connected in series or in parallel, on customised
substrates to provide higher complexity imagers. For example, eight serially connected
dice could make a 512 pixel line imager, for a mark reader such as a lottery card reader.

Serial Connection

For serial connection, the Analogue Outputs (AO) must be connected together and the
Serial Output (SO) of each sensor array connected to the Serial Input (SI) of the next
array. The externally applied SI pulse is applied only to the first array of the series. For n
arrays in cascade the SI pulse is applied after each n x 64 positive going clock transitions.

Parallel operation

Parallel operation of multiple arrays is achieved by supplying clock and SI pulses
simultaneously. The outputs of each device may then be processed separately.

1.12 {i' Texas
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

Initialisation ‘
At power up, or after a period of SI or readout clock inactivity exceeding the integration
time, the sensor elements may need to be initialised. This consists of 15 consecutively

performed output cycles to clear the pixels of any charge which has accumulated during
the inactive period.

TSL215/TC102 Comparison
Summary
Two TSL213 dice may be combined serially within a single device to make the TSL215

128-pixel line sensor array. The TSL215 is here compared with a 128-pixel CCD line
array , the TC102.

Pixel Size

The most obvious difference is that the active optical length of the TSL215 is almost 10
times that of the TC102. The TC102 is a CCD array where all the pixel charges of an
integration period are clocked out together down transport registers, while the TSL215 is
an addressed array where pixel charges are individually switched out. The coarser pitch
of the TSL215 derives from the physical size of the switching elements (including the
NOCG) associated with each individual pixel. For the standard LinCMOS™ technology
the relatively fine optical resolution of the CCD cannot be realised.

Comparison of 128 Pixel Imagers

TSL215 (Addressed Array) | TC102 (CCO Imager)

Pitch 125 micron 12.7 micron

Speed 1MHz o/p data 10MHz of/p data
v -

Input 5V digital supply. +2V, -16V clock

+16V VDD, +7V REF.

integration & readout clocks Needs mos-drivers (Ext.)

Readout Pixels individually addressed | All pixel charges
simultaneousty moved
Output Conditioning | Analog video output Needs video clamp,

external sample/hold
to remove clock noise.

Data Rate

The maximum data output rate of the TSL215 has been set by the switching design at
1MHz, whereas with careful driver circuit design the TC102 can deliver data out at up to

¢ TEXAS
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

10 MHz. However, the TSL215 is far simpler and more economical to drive, and its
output is more easily handled.

Drive Requirement

The TSL215 drive requirement is a single 5 V supply, an integration pulse and a output
clock . The TC102, however, requires positive (+2 V) and negative (-16 V) clock pulses,
+16 V Vpp, and a 7-V reference. The registers must be driven through a dual MOS-driver
such as the TLD369.

Output Requirement .
The output of the TSL215 is also much more convenient , being an analogue video
envelope. With the TC102, the analogue voltage levels of the video pixels are offset by the
output buffer amplifier, and must be externally clamped to a video black reference using
a train of black reference pixels provided. External sample-and-hold must be done on the
clamped voltage output, to eliminate the clock feedthrough noise between the valid pixel
levels.

Cost

These input and output tasks with the CCD device make it much more expensive in a
system, on top of the higher cost of the CCD device itself. (One advantage of the
relatively coarse pixels is that a low cost plastic packaging technique may be used). For
applications where arrays of discrete photo-sensors, or low resolution CCD were hitherto
used, the TSL213/TSL215 provides an attractive alternative.

PC404/PC405 - Evaluation Systems

Evaluation kits, PC404/PC405, are available to facilitate initial evaluation of the TSL213
and TSL215 Line Arrays. They also demonstrate the simplicity of operation of the arrays
with digital control circuits to perform complete light sensing functions.

{'f TeExAS
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

PC404 Evaluation Circuit

16 Bit Divider ]VCC Clock T

Vce

o o—|1ms
| 2ms 74HC4040 TLC555
4ms <
o & il
~ | 8ms
< ¥
_JT_ Vcce ~>—I _L_ vee
CLK l
74HC123 i Ao
TSL214/
TSL215
O
S| Threshold
Out
SI Generalor = = Imager

NB TSL214 variant used for TSL213 assessment,
This has same die, but different pin-out.

PC404 Kit

The PC404 consists of an imager, a circuit board with drive and output circuitry, and a
detachable 10 x magnification lens in a housing. The circuitry of the PC404 comprises an
oscillator, a counter/divider, a one-shot pulse generator and a comparator. The oscillator
is built round a TLC555 timer and generates a 500 kHz output data clock pulse. the clock
output of the oscillator is routed also to a 74HC4040 divider. This has a set of jumper
terminals to four of the outputs, and 1 ms, 2 ms, 4 ms or 8 ms Integration Time may be
selected. The chosen output is connected to the 75HC123 one-shot pulse generator, which
provides the imager with the SI pulse.

Trimming potentiometers and test points are provided. Two alternative outputs are
provided. One is the Analogue Output (AO); for the other - Threshold Out - the AO is
routed to an LM339 comparator, which squares up the output for digital compatibility.

{’f Texas
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INTRODUCTION TO INTELLIGENT OPTO SENSORS

PCA05 kit
The PC405 board is software based. A pre-programmed 8 bit micro controller provides
the drive to the line imager, processes the imager output and drives a two-digit LED

output display.

PC405 Evaluation Circuit

Vce Vee Vee
T 2-DIGIT
a LED
MC68705 v OUTPUT
MICRO- DISPLAY
CONTROLLER |
Vce
— | = =
PROGRAM SELECT
DIGITAL
i— OUTPUT

NB TSL214 variant used for TSL213 assessment.
This has same die, but different pin-out.

Four functions are available:

. Digital Output
[ Object Edge Detection
. Line Position Detection
° Light/Dark Transition Counter
1.16 i
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TSL250, TSL251, TSL252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004B D3732, AUGUST 1991 REVISED AUGUST 1992

® Monolithic Silicon IC Containing * Low Dark (Offset) Voltage ... 10 mV
Photodiode, Operational Amplifier, and Max at 25°C,Vpp =5V

Feedback Components
P ® Single-Supply Operation
® Converts Light Intensity to Output Voitage . Wide$ v Vot R 3Vt oV
e Supply Voltage Range . . . o

® High Irradiance Responsivity Typically o Low Supply & ' 800 1A Typical at
80 mV/(W/cm?) at o, = 880 nm (TSL250) V°‘" ‘;P‘fy urrent... 800 1A Typlcal a
DD =
®* Compact Three-Leaded Clear Plastic o ad d LinCMOS ™ Technolog
vance n echn Yy

Package

description

The TSL250, TSL251, and TSL252 are light-to-voltage optical sensors each combining a photodiode and a
transimpedance amplifier (feedback resistor = 16 MQ2, 8 MQ2, and 2 MQ, respectively) on a single monolithic IC.
The output voltage is directly proportional to the light intensity (irradiance) on the photodiode. The TSL250,
TSL251, and TSL252 utilize Texas Instruments silicon-gate LInCMOS™ technology, which provides good
amplifier offset-voltage stability and low power consumption.

mechanical data
The photodiode/amplifier chnp is packaged ina clear plastic three leaded package. The -megzrated photodiode

active area is typically 1,0 mm?2 (0.0016 in?), 0.5 mm? (0.00078 in2), and 0.26 mm? (0.0004 in?) for the TSL250,
TSL251, and TSL252, respectively.
0,75 (0.030) e
2,125 (0.084) 0,65 (0.026) | 2,25 (0.089)
1,875 (0.074) > 1,75 (0.069) PIN 1 GND
0,635 (0.025) -K>| « 1:25 (0.049) PIN 2 Vpp A
040015 B 8755025 PiN 3 OUT
) |
42 (0'155) i 2
" . el ~ .
3,8(0.150) Ee————0 @ i
v 3
o — 2~ | 1
[ 1 ¢yl 205 (0.081)
036 0030 0ss 0020 | | oo
o.Te%‘—o.ma) l 0,55 (0.022) 1,55 (0.061)
15,7 (0.619)
13,2 (0.520) 3,05 (0.120)
2,55 (0.100)
4.8 (0.189) 4,85 (0.191)
3,4 (0.173) 085 009, 3,35 (0.171)
,85 (0.
0,35 (0.014) __1.75(0.690) 4,35 (0.171)
0,75 (0.030) R 1,25 (0.490) 3,85 (0.152)
0,51 (0.02) A L |
0,385 (0.015) -i
v -
[ h
Y mem [
5,05 (0.199) 2,74 (0.108)
4,55 (0.179) 5,3—4§ﬁ9—2)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
LinCMOS is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA information is current as of publication
date. Products conlorm [0 spociications per the terms of 2.1

uon not necessarily include mtmw ot al parameters.
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TSL250, TSL251, TSL252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004B-D3732, AUGUST 1991 -REVISED AUGUST 1992

functional block diagram

Voltage

Q‘A Output

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage, Vpp (see Note 1) ... ... . oV
OUPUL CUITENE, 10 - oo e +10 mA
Duration of short-circuit current at (or below) 25°C (seeNote 2) ..............covviiiiiiiiininnn. 5s
Operating free-air temperature range ............... ... i -25°C to 85°C
Storage temMpPerature TaNGE . ... ...ttt ettt e et e -25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................... ... ... .. ... 240°C

NOTES: 1. All voltages are with respect to GND (pin 1)

2. Output may be shorted to either supply.

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Vpp 3 5 9 \

Operating free-air temperature, TA 0 70 °C

electrical characteristics at Vpp =5V, Ta = 25°C, Ap = 880 nm, R|_= 10 k<, (unless otherwise noted)

(see Note 3)
TEST TSL250 TSL251 TSL252
PARAMETER UNIT
CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
VD Dark voltage Ee=0 3 10 3 10 3 10 mV
VoM  Maximum output Eg=2 mw/em? 3.1 35 3.1 3.5 31 3.5 \
Ee = 25 uW/cm? 1 2 3
Vo  Outputvoltage Ee = 45 pW/cm? 1 2 3 v
Eg = 285 uW/em? 1 2 3
Ee = 25 uW/em?, 1
Ta = 0°C to 70°C *
Temperature coefficient | Eg = 45 _uW/cmz. o1 mVEC
of output voltage (VQ) Ta =0°Cto 70°C
Eg = 285 uW/cm?, B
Ta = 0°C to 70°C *
Ne Irradiance responsivity See Note 4 80 45 7 mV/(uW/sz)
Ee = 25 uW/cm? 900 1600
DD Supply current Ee = 45 pW/cm? 900 1600 WA
Ee = 285 uW/cm? 900 1600

NOTES: 3. The input irradiance Eg is supplied by a GaAlAs infrared-emitting diode with 5 = 880 nm.

4. Irradiance responsivity is characterized over the range Vg = 0.05t0 3 V.

22
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TSL250, TSL251, TSL252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES0048- D3732, AUGUST 1991 REVISED AUGUST 1992

t)peratlng characteristics at T = 25°C (see Figure 1)

TSL250 TSL251 TSL252
PARAMETER TEST CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX UNIT
1 Output pulse risetime | Vpp =5V, Ap = 880 nm 360 90 7 us
t Output pulse fall time Vpp=5V. »p=880nm 360 90 7 us
Vi Output noise voltage Vpp=5V. f=20Hz 06 05 0.4 uVVHz

PARAMETER MEASUREMENT INFORMATION

Ee
Pulse ? —l—————L
Generator
/v Input
IRED /V
(see Note A) Output

Output

- (see Note B)

TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A. The input irradiance is supplied by a pulsed GaAlAs infrared-emitting diode with the following characteristics: ).p =880nm, t; < 1ps,
tf<1us.
B. The output waveform is monitored on an oscilloscope with the following characteristics: t; < 100 ns, Z; 2 1 MHz, C; < 20 pF.

Figure 1. Switching Times

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
IRRADIANCE PHOTODIODE SPECTRAL RESPONSIVITY
10 == 1 T T
o i o o 5 Ta=25°C
= Voo=5V
— )p=880nm 7T \
[ No Load TSL250 ¥ 0.8 / \
1 Ta=25°C
> A = PV \
1 T .4 >
17,000’ 4 =
& 2Pl H
k] Tsizst L £ °°
3 7
Z o1 A g
2 [
¢ Z====t g / \
3 H $ oa
| pd TSL252 K / \
o d &
> 0.01 éa = =22 / \
H 0.2 ] \
0.001 0
0.1 1 10 100 300 500 700 900 1100
Eg - Irradiance — uW/cm?2 A - Wavelength - nm

Figure 2 Figure 3
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TSL250, TSL251, TSL252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004B-D3732, AUGUST 1991-REVISED AUGUST 1992

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE OUTPUT VOLTAGE
9 ) l 1
Ee = 2.6 mW/cm?2 §
T or g
[ L= > 0.8 1
14 Ta =25°C / < )
= 7 b—— A E
S |
3 E [
=2 6 Z _ g 0.6
3 y | \
>
fL A E |
g | / u=> 0.4
3 1
. /. o l “ \
8 \
z // T 02 L Vpp=5V
3 4 No Load \
|- (RL=x)
, Tp =25°C
0 L il
4 5 6 7 8 9 10 0 1 2 3 4
Vpp - Supply Voltage - V Vo - Output Voltage - V
Figure 4 Figure 5

NORMALIZED OUTPUT VOLTAGE

vs
ANGULAR DISPLACEMENT
1
/ 4
[/ \
o [ vetzso]| / )\
g
3 / /TSL251,252 \\
.>5 06 \
¢ [ ] |\
3
3 / s | N\
¢ 04 &
: / \
/ 8 \
0.2 : W‘
0
80° 60° 40° 20° ©0° 20° 40° 60° 80°
6 — Angular Displacement
Figure 6
2.4 p
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TSL260, TSL261, TSL262

IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 - REVISED FEBRUARY 1993

® Integral Visible Light Cutoff Filter * Low Dark (Offset) Voltage . .. 10 mV
* Monolithic Silicon IC Containing Max at 25°C,Vpp =5V

Photodiode, Operational Amplifier, and *  Single-Supply Operation

Feedback Components

® Converts Light Intensity to Output Voltage

® High Irradiance Responsivity Typically
42 mV/(uW/cm?) at A = 940 nm (TSL260)

description

Wide Supply Voltage Range ... 3Vto9V

Low Supply Current . . . 800 A Typical at
Vpp=5V

Advanced LINCMOS ™ Technology

The TSL260, TSL261, and TSL262 are light-to-voltage optical sensors each combining a photodiode and a
transimpedance amplifier (feedback resistor = 16 MQ, 8 MQ, and 2 MQ, respectively) on a single monolithic
integrated circuit. The output voltage is directly proportional to the infrared light intensity (irradiance) on the
photodiode. The TSL260, TSL261, and TSL262 utilize Texas Instruments silicon-gate LinCMOS ™ technology.
which provides good amplifier offset-voltage stability and low power consumption.

mechanical data

The photodiode/amplifier chip is packaged in a black, infrared-transmissive plastic package. The integrated
photodiode active area is typically 1,0 mm2 (0.0016 in2), 0.5 mm2 (0.00078 in2), and 0.26 mm?2 (0 0004 in?) for

the TSL260, TSL261, and TSL262, respectively.

0,75 (0.030)
2125(0.084) 0,65 (0.026) 2,25 (0.089)
1,875 (0.074) 1,76 (0.069) PIN 1 GND
0,635 (0.025) > 1,25 (0.049) PIN 2Vpp
‘oi(o.ms) | , 0,75 (0.029) PIN 30UT
1
. —~ .
T —t ~11 ]
4,2(0.165) e~ |
3,8 (0.150) " © T
v 3 1
{ R & NE== _l__ 2
2,05 (0.081 3
0,86 (0.034) 0,85 (0.026) —.l |<'— e af- T 0061
0,46 (0.018) 0,55 (0.022) ' )
15,7 (0.619)
13,2 (0.520) 3,05 (0.120)
4,8 (0.189 255(0.100)
saTy 4850197
,4 (0. 4,35(0.171)
0,85 (0.033)
0,35 (0.013) _1,75(0.069) 4,35 (0.171)
0.75 (0.030) R §’ 1,25 (0.049) 3,85 (0.152)
0,51 (0.02) 75 (0.030) |
0,385 (0.015) _{
Fo— i
5,05 (0.199) ‘L_____’
3,55 (0.179) 2,74 (0.108)
2,34 (0.092)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
LInCMOS is a trademark of Texas Instruments Incorporated.
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TSL260, TSL261, TSL262
IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 ~ REVISED FEBRUARY 19893

functional block diagram

~

§“ b Voltage

Output

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vpp (see Note 1) . ... ... oV
OULPUL CUITENE, 10 . ..o e +10 mA
Duration of short-circuit current at (or below) 25°C (see Note 2) ...............oiiiiiviiininin. 5s
Operating free-air temperature range ........... ...t i -25°C to 85°C
Storage temperature range .............c.o.uuiiiittt e -25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .................ccoviiininnn. 240°C

NOTES: 1. Ali voitages are with respect to GND (pin 1).

2. Output may be shorted to either supply.

recommended operating conditions

MIN NOM MAX| UNIT

Supply voltage, Vpp 3 5 9 v

Operating free-air temperature, Tp 0 70 °C

electrical characteristics atVpp =5V, T =25°C, Ap =940 nm, R|_ = 10 kQ, (unless otherwise noted)

(see Note 3)
PARAMETER TEST T5L2% o2 o2 uNIT
CONDITIONS | MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
VpARK Dark voltage Ee=0 3 10 3 10 3 10 mv
Vom Maximum output Ee = 2.6 mW/cm2 3.1 3.5 3.1 35 3.1 35 \
Ee = 48 uW/cm?2 1 2 3
Vo Output voltage Ee = 87 uyW/cm2 1 2 3 v
Eg = 525 pW/cm2 1 2 3
Eg = 48 uW/cm2,
Ta = 0°C to 70°C =1
Temperature coefficient | Eg = 87 pW/em2, o
of output voltage (Vo) | Ta =0°Cto 70°C =1 mv/°C
Eg = 525 pW/cm2,
Ta = 0°C to 70°C =t
Ne Irradiance responsivity | See Note 4 4?2 23 38 mV/(uW/cm?2)
R | o
oD Supply current Eg Togg uwjem2. 900 1600 nA
Eo =525 uW/ om2. 900 1600

NOTES: 3. The inputirradiance Eg is supplied by a GaAs infrared-emitting diode with Ap = 940 nm

4. Irradiance responsivity is characterized over the range Vo = 0.05to 3 V.

2.6
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TSL260, TSL261, TSL262
IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 - REVISED FEBRUARY 1933

operating characteristics at Ty = 25°C (see Figure 1)

PARAMETER TEST CONDITIONS TSL250 TSL261 TSL262 UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
tr Output pulse rise time | Vpp=5V. Ap =940 nm 360 90 7 us
t Output pulse fall time Vpp=5V. Ap = 940 nm 360 90 7 us
Vn  Output noise voltage Vpp=5V, f=20Hz 0.6 0.5 0.4 uVIVHz

PARAMETER MEASUREMENT INFORMATION

A"/
DD Ee
Pulse f l_ l
Generator
j’v Input
{RED —p — 1, — t
(see Note A) 3 Output L r | ll o
AL : 90% 90% |
|
L = Output 10% 10%
- (see Note B)
TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A. The input irradiance is supplied by a pulsed GaAs infrared-emitting diode with the following characteristics: Ap =940 nim, tr < 1 us,
tf<1ps.
B. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 100 ns, Zj 2 1 MHz, Cj s 20 pF.

Figure 1. Switching Times

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
IRRADIANCE PHOTODIODE SPECTRAL RESPONSE
10 = 1 T
— Vpp =5V jumes H Ta =25°C /
— Ap = 940 nm 117 ] 1 TsL261 ] 0.9 I \
— No Load [ U ’ 0.8
— Ta=25C T I \
> TSL.260 / /) > 07 !
. . : )
:‘:; y A % o6
2 § 05 - ]
§ A c I \
TSL262 $ o4
oo / ,/ k' I \
>° ¥ E 0.3
V4 V4 1 [ \
~ I 0.2
; / \
0.1
// /]
0.01 0
0.1 1 10 100 1000 600 700 800 900 1000 1100
Eg - Irradiance — uW/cm2 A - Wavelength - nm
Figure 2 Figure 3
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TSL260, TSL261, TSL262

IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 — REVISED FEBRUARY 1983

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE OUTPUT VOLTAGE
- 1
1
Eg = 2.6 mW/cm?2
>, |- Ap =940 nm
° AL = 10kQ 08
5 Ta = 25°C g
o
> |
3 / |
-] /] E 0.6
3 5
<] . / o l
: = -l
3 / 2 o
= / !
! Ve 8 L
= -
o . Vpp=5V
> / 92F~ NoLoad
|- (RL=>)
Ta =25°C
0 I L
4 5 6 7 8 9 10 0 1 2 3
Vpp - Supply Voltage -V Vo - Output Voltage - V
Figure 4 Figure 5
NORMALIZED OUTPUT VOLTAGE
vs
ANGULAR DISPLACEMENT
1
/ f N
. [ / N )
T AR AN
g
5 / / TSL261, 262 \ \
>
é 0.6 l / \
g \
3 / s | N\
E 0.4 2
: / 3 \
2 / § \
0.2 / \ \
0
80° 60° 40° 20° 0° 20° 40° 60° 80°
6 — Angular Displacement
Figure 6
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TSL260, TSL261, TSL262
IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 — REVISED FEBRUARY 1993

TYPICAL APPLICATIONS
Voo
q
2 Rp =100 kQ
3
Sormor Output

‘J=‘1

NOTE: Pull-up resistor extends linear output range to near Vpp with minimal (several millivolts typical) effect on VpARK: particularly

useful at low Vpp (3Vto 5 V).
Figure 7. Pull Up for Increased Vou

sV
5V
100 @ 2
sV
Tsi2et1 | 3
oP240t § Sensor Output
l 1

L 1 LM3ss L

15k0 ANA—

15kQ

M—AMA—

T OPTEK part number
NOTE: Output goes high when beam is interrupted; working distance is several inches or less. Intended for use as optical interrupter switch

or reflective object sensor.
Figure 8. Short-Range Optical Switch With Hysteresis
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TSL260, TSL261, TSL262

IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 — REVISED FEBRUARY 1983

0.01 uF

t Stanley part

NOTE: Output pulses low until beam is interrupted. Useful range is 1 ftto 20 ft; can be extended with lenses. This configuration is suited for

27kQ
4 8
7
6
3k TLCSS55
2
_]_ 1

TYPICAL APPLICATIONS
5V
!
. sv
BN301t
N
N
TSL262
Sensor
2N3906 _[ 1
18Q

number

object detection, safety guards, security systems, and automatic doors.
Figure 9. Pulsed Optical Beam Interrupter

15 kQ
Threshold

100 kQ

6V
100 Q l 560 kQ
——AAA _-L L 2 'A%
T 0.01 uF [
2 L ) 1kQ
opP2sst 4 Pl 1 -
or A Tsize0 |3 3 8 _ l _
BN301# Sensor A hd
0.1 yF 270 kQ
Light J_ 1 _ s | NEse7 0.1 uF
Shield 1 1 s
- 10kQ o =~
— 6
2N3904
+
2|, 7 SR ATWF
0.1 yF T 1uF A<

e

T OPTEK part number

$ Stanley part number
NOTE: Output goes low when hight pulses from emitter are reflected back to sensor. Range is 6 in to 18 in depending upon object reflectance.

Useful for automatic doors, annunciators, object avoidance in robotics, automatic faucets, and security systems.

Figure 10. Proximity Detector

{"fTXA
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TSL260, TSL261, TSL262

IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 — REVISED FEBRUARY 1993

TYPICAL APPLICATIONS
S1
.
9V O O
—VW—
S0 ot .
Q
8 hd BN301t
7 3 §
U1 To Sensor
L] TLCSSS5
2 |5 _ =
= o 1
1uF
TRANSMITTER
6V
2
IN
us 3
TSL260
Se 3 6V AC Load
out
R4
coM cs 6V Re 180 Q 120V
S 0.1 uF 300 Q 2oV
-_L ¢ s us 6
- 2
- R7 gl N !
3 s S 47kQ } YA Q2
’ ??m o 2 Tic225C
A 5 Lot 4 3
u2 1
6 NE567 1 6V
Freq R6 2
Trim  47kQ <
c2 J_ 4 3
0.1 yF I + c3 = ca + 4 PRE Vcc CLR
= I 14uF 47 uF I . us
1/2 SN74HC76
= = 15 3
b cux Q gNasoA
R9
16 1kQ
K GND

-JT.13

RECEIVER
t OPTEK part number

NOTE: Single-channel remote control can be used to switch logic or light dc loads by way of US, pin 15, or ac loads by way of the optocoupler

and triac as shown. Applications include ceiling fans, lamps, electric heaters, etc.

Figure 11. IR Remote Control
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TSL260, TSL261, TSL262
IR LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES008A - DECEMBER 1992 — REVISED FEBRUARY 1933

TYPICAL APPLICATIONS
6V
6V 01
op29st
m N
u2
TLE2426 D2
ouT \OPassf
com N
= Q1
+ ( AAA 2N3904
Audio c1’ 1:"(0
Input 1uF
P! Wl R3
= R2 40Q
T 20 kQ
—A- 1
TRANSMITTER
9V
|2
IN
u1
TSL261
Sensor | 3
ouT [
coMm +_L_C3
l1 1uF c1
L R2 voL 100 pF
av 10 kQ
| ov '
= R1
IN 2 100 k2
u2 A .
TLE2426 6 |
out 31, 7 usa c2 Output
com NES534 47 uF (toh
_J_ = _L—’—ndphonea)
RECEIVER

t OPTEK part number

NOTE: Simple transmission of audio signal over short distances (<10 ft). Applications include wireless headphones, wireless telephone
headset, and wireless headset intercom.

Figure 12. IR Voice-Band Audio Link
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

D3619, AUGUST 1990-REVISED JUNE 1991

description

High-Resolution Conversion of Light intensity to Frequency
Wide Dynamic Range ... 118 dB

Variable (and Single) Supply Range...5Vto 10V

High Linearity . . . Typically Within 2% of FSR (C = 100 pF)

® High Sensitivity . . . Can Detect Change of 0.01% of FSR
® CMOS Compatible Output for Digital Processing
¢ Minimum External Components

¢ Microprocessor Compatible

The TSL220 consists of a large-area photodiode and a current-to-frequency converter. The output voltage is
a pulse train and its frequency is directly proportional to the light intensity (irradiance) on the photodiode. The
output is CMOST compatible and its frequency may be measured using pulse counting, period timing, or
integration techniques. The TSL220 is ideal for light-sensing applications requiring wide dynamic range, high
sensitivity, and high noise immunity. The output frequency range is determined by an external capacitor; hence,
the desired output frequency is adjustable for a given light intensity at the input. The TSL220 is characterized
for operation over the temperature range of —25°C to 70°C.

mechanical data

The photodiode and current-to-frequency converter are packaged in a clear plastic 8-pin dual-in-line package.
The active chip area is typically 4,13 mm2 (0.0064 in2).

9.2 (0.362)
. [ 587 (0343
P 1 G OO0
PIN 2 OUTPUT ool o . Photodiods
PIN3Vce Center
PIN4C2 1
PIN 5 GND —|— — + ¢
PIN 6 C1
PIN7 NU 0,8 (0.031) R NOM
PIN 8 NU J L_Jll_.u -
NC~No internal connection @ @ @ @
NU-Not usable (lsave unconnected) _’i l'_ 2.4.(0.094)
1,9 (0.075)
12
1,4 (0.055
0.6 (0.029) 6,3 (0.248) 4 10.085)
0.4(0.016) 7 N 0,84 (0.033) MIN )J\"‘ 7° MAX
¢ _,( “r 7,82 0,13 TP
I (0.308 = 0.005) T —x

5.4 (0.213)

ey === e P
.

e 125 0,30 (0.012) 3,2(0.126)
8 l;’lgcn "“t— 0,23 (0.009) ” ( )
\._ 9,5(0.374) _,' 0:45 (04 °'°’ on.mnm“ 0018)
MAX 2,54 + 0,10
(0,100 = 0.004)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

t Use of LSTTL logic families may require a 3300-Q2 pulidown resistor on the output.

P DATA

is current as of ion date.

Products conform to specifications per the terms of Texas Instruments
slandard warranty. Production processing does not necessarily include T 3 1

testing of all parameters.
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

functional block diagram

e e e b
: TSL220 :
| " |

> JTS Current to |

Light >l P Frequency I
| Converter |
| |
b o e e a

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage, Voo (see Note 1) ... o 12V
Operating free-air temperature, Ta ........ i -25°Cto 70°C
Storage temperature range .. ...ttt —-25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............................... 260°C
NOTE 1: All voltage values are with respect to GND (pin 5).
recommended operating conditions
MIN NOM MAX | UNIT
Supply voitage, Vcc 4 5 10 \"
Output frequency, f (C < 100 pF) 750 | kHz
Operating free-air temperature range, Ta -25 70 °C
electrical characteristics at Voc = 5 V, Tp = 25°C (see Figure 1)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Vom Peak output voltage R =50 kQ 3 4 \
lcc Supply current C =100 pF, Ee=0 75 10 mA
operating characteristics at Voc =5V, Tp = 25°C (see Figure 1)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
. Outout Eg=125uW/cm2,  ».=880nm,  C-100pF 50 150 250 | kHz
o utput frequency Ee -0, C = 100 pF 0 1 50 Hz
tw Output pulse duration C =470 pF 1 us
tr Output pulse rise time C =100 pF 20 1 ns
t  Output pulse fall time C =100 pF 120 I s |

3.2
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

PARAMETER MEASUREMENT INFORMATION

Vee
6 I 3

f— Output

TSL220
c R
L.
5
TEST CIRCUIT OUTPUT WAVEFORM

Figure 1. Switching Times
NOTE: Output waveform is monitored on an oscilloscope with the following characteristics: R, = 1 MQ, Cj s 6.5 pF.

TYPICAL CHARACTERISTICS

OUTPUT PULSE DURATION PEAK OUTPUT VOLTAGE
vs vs
EXTERNAL CAPACITOR VALUE LOAD RESISTANCE
100,000 5
Vec=5V IT—— i 1 i i .|
TAZ25°C 1 ) T ) ) I — 45 \
» 10,000 N,
¥ T Vec=5V N
| cc=
5 §, 35 Ta =25°C \
] g \
3
2 2 25 \
2 8 \
5 = 2
g & \
o E T o T T 1 T ! 1 5
! E T | — T T T T =
3 — 77 T T I T o _
o T 1 T I I > 1
T T T 0.5
H T T
0.1 I I I . 0
1p 10p 100p 1n 10n 100N 1 10u 100 im 10M 1M 100 k 10k 1k 100 10
C - External Capacitor Value - F RL - Load Resistance - Q
Figure 2 Figure 3
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

TYPICAL CHARACTERISTICS

OUTPUT FREQUENCY
vs
IRRADIANCE

1000 = =

fo — Output Frequency — kHz

it
0.01 el || L
1 10 100
Ee - Irradiance - uW/cm2
Figure 4

ol
=3

Normalized Output Frequency

0.001

0.001 0.01 0.1 1 10 100

Normalized Output Frequency

Normalized Output Frequency

NORMALIZED OUTPUT FREQUENCY
vs
LOAD RESISTANCE

1.3
Vee =5V
1.2~ C = 100 pF ]
TA=25°C | |
1.1 e e
1.0 — -
0.9 F— S SR
|
0.8 R - oo
B
| ‘i
0.6 e B
1 !
0.5
1M 100 k 10k 1k 100 10
R - Load Resistance - Q
Figure 5
NORMALIZED OUTPUT FREQUENCY
vs
FREE-AIR TEMPERATURE
1.4 T T T T T T
Vec=5V A
13} C =100 pF ""f’w“‘ﬁ [_g N —

" Ee = 75 uW'cm? O
Light Source: Tungsten Filament Lamp
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

Icc - Supply Current - mA

TYPICAL CHARACTERISTICS
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

APPLICATION INFORMATION

‘\\Vcc
N |3 l sl s
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Q——-—->.—| l_] L
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C = TSL220
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I
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\
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3
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2 2N3904
ouT [— VWV
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c ,[ TSL220
4.‘
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NOTE. Adjust C to set maximum and minimum brightness levels.
Figure 12. Automatic Display Dimming Circuit
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Figure 13. Light-to-Digital Converter
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TSL220

LIGHT-TO-FREQUENCY CONVERTER

APPLICATION INFORMATION
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Figure 15. Light Detector with Direct Microprocessor Interface
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LIGHT-TO-FREQUENCY CONVERTER
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APPLICATION INFORMATION

Vee Vee Vee
1
!
14 16
210 SN74HC4024 12
J K SN74HC153
CLK a JLLL cK 12 JULN 6
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NOTE: Adjust C for useful frequency range.

Figure 16. Light Detector with Microprocessor (Microcontroller) and Autoranging Capability
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LIGHT-TO-FREQUENCY CONVERTER
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APPLICATION INFORMATION
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Figure 18. Digital Light Exposure Meter
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES0078 - OCTOBER 1992 —- REVISED MARCH 1984

® High-Resolution Conversion of Light ® Single-Supply Operation Down to 2.7 V,
Intensity to Frequency With No External With Power-Down Feature
Components ® Absolute Output Frequency Tolerance of

® Programmable Sensitivity and Full-Scale +5% (TSL230B)
Output Frequency ® Nonlinearity Error Typically 0.2% at 100 kHz

® Communicates Directly With a
Microcontroller

Stable 100 ppm/°C Temperature Coefficient
Advanced LinCMOS™ Technology

description

The TSL230, TSL230A, and TSL230B programmable light-to-frequency converters combine a configurable
silicon photodiode and a current-to-frequency converter on single monolithic CMOS integrated circuits. The
output can be either a pulse train or a square wave (50% duty cycle) with frequency directly proportional to light
intensity. The sensitivity of the devices is selectable in three ranges, providing two decades of adjustment. The
full-scale output frequency can be scaled by one of four preset values. All inputs and the output are TTL
compatible, allowing direct two-way communication with a microcontroller for programming and output
interface. An output enable (OE) is provided that places the output in the high-impedance state for muitiple-unit
sharing of a microcontroller input line. The devices are available with absolute-output-frequency tolerances of
+5% (TSL230B), +10% (TSL230A), or +20% (TSL230). Each circuit has been temperature compensated for
the ultraviolet-to-visible-light range of 300 nm to 700 nm. The devices are characterized for operation over the
temperature range of —-25°C to 70°C.

mechanical data

The TSL230, TSL230A, and TSL230B are packaged in a clear plastic 8-pin dual-in-line package. The
photodiode area is typically 1.36 mm?2 (0.0029 in2) (SO = S1 = H).

10,92 (0.430)
Pin1 SO 9,40 (0.370)
Pin2 S1 8 5
]

Pin3 OE
Pin4 GND
Pin§ Vce ! ' .
Ping OUT 8.26(0325) - l S Cncides witn
Pin7 S2 7,62 (0.300) € package center.)
Pin8 S3 d \
' 4 0.51(0.020)RNOM
0,76 (0.030) D NOM: 4 Places
| sso0ae0 185008 _y
T 1.14(0.045) ‘.} M= 7°MAX TYP

1,91(0.075) e 150 TYP 5,08 (0.200) ,
1,02 (0.040) 3,94 (0.155) I I 11.:; ((2.24:))

4 1 ‘ '

Seating Plane v _LI *

105° 0,30(0.012) 3,81(0.150)
0,51 (0.020) 90 0,20 (0.008) 1,27 (0.050) 3,18(0.125)
. :lMAX 8 Places 0,57 (0.020) !
aces 1,52 (0.060) b _ 0,56 (0.022)
7,62 (0.300) TP* 938(0075) 0.36(0.014)

|
‘Q—’L 2,54 (0.100) TP*

1,65 (0.065)
1,14 (0.045)

“True position when unit is installed

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information I cument ss of publication date.
Products conform to specifications per the terms of Texas Instruments 3 1 1
Production processing doss not necessarily include T .
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES0078 - OCTOBER 1992 - REVISED MARCH 1994

Terminal Functions Selectable Options
f
TERMINAL 10 DESCRIPTION S1 SO SENSITIVITY SCAEING
NAME  NO. §3 s2
e LU Power Down (divide-by)
_ND 4 Ground L H 1x T T 7
OE 3 I Enable for fg (active low) H L 10x L H 2
ouT 6 O | Scaled-frequency (fo) output H H 100x H L 10
S0, St 1,2 1 Sensitivity-select inputs H_H 100
82,83 7,8 | fo scaling-select inputs
VDD 5 Supply voltage
functional block diagram

- =" A

| Output I l I |

| |

—» Current-to-Frequency
Light | Photodiode |
9 > Converter
| (.
L_——T—‘_ ________ T—T——_J >
S0 St S2 83

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (SE8 NOte 1) ..o s 6.5V
Input voltage range, all inputs, V| ......... . ... .. =03VtoVpp+03V
Operating free-air temperature range, TA ... ... -25°C to 70°C
Storage temperature range ... .. —25°C to 85°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ........... ... .. ... ... ... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp 2.7 5 6 \
High-level input voltage, V|4 Vpp=45Vto55V 2 Vpp \
Low-level input voltage, Vi Vpp=45Vto55V 0 0.8 \
Operating free-air temperature range, Tp -25 70 °C
3.12 7
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES0078 - OCTOBER 1992 - REVISED MARCH 1994

electrical characteristics at Tp = 25°C, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX]| UNIT
VOH High-level output voltage IOH = -4 mA 4 43 \Y
VoL Low-level output voltage loL =4 mA 0.17  0.26 \
{19 High-level input current 1 HA
T8 Low-level input current 1 A
Power-on mode 2 mA
DD Supply current
Power-down mode 10 HA
Full-scale frequencyt 1.1 MHz
Temperature coefficient of output frequency A <700 nm, -25°C < Ta < 70°C +100 ppm°C
ksvs Supply voltage sensitivity Vpp =5V $10% 0.5 %!V

operating characteristics at Vpp =5V, Tp = 25°C

TSL230 TSL230A TSL2308B
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX MIN TYP MAX | MIN TYP  MAX
S0 =H,
E; Sy 08 1 12| o9 111 095 1105 | MHz
Ap = 670 nm
Ee=0. SO=H,
S1=52=83=L 0.1 10 0.1 10 0.1 10 Hz
S1=H,
S0=S2=S83=1L,
Ee = 13 mWicm2, 0.8 1 1.2 09 1 1.1] 095 1 105 MHz
fo  Output frequency Ap = 670 nm
Ee=0 S1=H,
S0=S2=83=L 0.13 10 0.13 10 0.13 10 Hz
S0=81=H,
S2=83=1L,
Ee=13 mW/em2, 08 1 1.2 09 1 1.1 0.95 1 1.05 MHz
p =670 nm
Ee=0. S0=S1=H,
S$5-53=L 05 10 05 10 05 10 Hz
., Outputpulse $2=S3=L 125 550 | 125 550 | 125 550 | ns
W duration S20rS3=H 11210 11210 11210 s
fo = 0 MHz to 10 kHz 10.1% +0.1% +0.1% %F.S.
Noniinearity ¥ {0 = 0 MHz to 100 kHz +0.2% +0.2% +0.2% %F.S.
10 = 0MHz to 1 MHz +0.5% +0.5% +0.5% %F.S.
Recovery from
power down 100 100 100 us
Step response to
full-scale step input 1 pulse of new frequency plus 1 us
Response time to .
programming 2 periods of new principal frequency plus 1 ps§
change
Response time to
output enable (OF) 50 150 50 1501 50 150 ns

t Full-scale frequency is the maximum operating frequency of the device without saturation
¥ Nonlinearity is defined as the deviation of fo from a straight line between zero and full scale, expressed as a percent of full scale
§ Principal frequency is the internal oscillator frequency, equivalent to divide-by-1 output selection.

3.13
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES0078 - OCTOBER 1992 —~ REVISED MARCH 1994

TYPICAL CHARACTERISTICS
OUTPUT FREQUENCY
Vs
IRRADIANCE PHOTODIODE SPECTRAL RESPONSIVITY
1000 T T 7 7 1 T T
Vpp=5V Ta=25°C
kp =670 nm l
100 T4 =25°C 4 4 0.8
N s2=83=L > T \
I [ =
I 10~ S0=H,S1=H 4 2
> o
o a 06
§ 5/ / g
3 -4
g 1 Y 4 3
w ]
‘é_ = 04
5 o1 77 S0=L,St=H | E \
S z
L o / / K | 02 \
X +—t
//'/' N— so=H,sSt=L
0.001 I t | (1]
0.001 0.01 0.1 1 10 100 1k 10k 100k 1M 300 400 500 600 700 800 900 1000 1100
Eg - Irradiance — iW/cm2 » - Wavelength — nm
Figure 1 Figure 2
TEMPERATURE COEFFICIENT
DARK FREQUENCY OF CUTPUT FREQUENCY
VS vs
TEMPERATURE o WAVELENGTH OF INCIDENT LIGHT
100 E 10000 P
= + + —A DD =
E \éoo : 5V ¥ 1 2 a Ta = 25°C to 70°C J
e =
N 10 g2-83=1L g 000
T T = A X7 ]
i T T 777 g
>
) 1 Iy
] F : o — 5 6000
g S0=H,§1=H 2 27— g
Lo 041 S0=L,St=H o
= E Z— — S
a  — 77 — — £ 4000
S 001 S /
© = s b}
i Sz + [— ° /
ks S0=H,S1=L — S 2000
0.001 =——=— 5 /
= i H
T
0.0001 — . ] £ 0
-25 0 25 50 % 300 400 500 600 700 800 900 1000
Ta - Temperature - °C » - Wavelength of Incident Light —nm
Figure 3 Figure 4
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES007B - OCTOBER 1992 ~ REVISED MARCH 1994

TYPICAL CHARACTERISTICS
OUTPUT FREQUENCY
Vs
SUPPLY VOLTAGE
1.005 T
T = 25°C
1.004f fo=1MHz
. 1.003
 1.002
TN

1.001 P

d Output

0.999 \
0.998 \

0.997

Nor

0.996

0.895
25 3 3.5 4 4.5 5 55 6

Vpp - Supply Voltage - V

Figure 5

power supply considerations

For optimum device performance, power-supply lines should be decoupled by a 0.01-pF to 0.1-uF capacitor with
short leads.

output interface

The output of the device is designed to drive a standard TTL or CMOS logic input over short distances. If lines
greater than 12 inches are used on the output, a buffer or line driver is recommended.

sensitivity adjustment

Sensitivity is controlled by two logic inputs, SO and S1. Sensitivity is adjusted using an electronic iris technique
- effectively an aperture control —to change the response of the device to a given amount of light. The sensitivity
can be set to one of three levels: 1x, 10x or 100x, providing two decades of adjustment. This allows the
responsivity of the device to be optimized to a given light level while preserving the full-scale output-frequency
range. Changing of sensitivity also changes the effective photodiode area by the same factor.

3.15
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES0078B - OCTOBER 1992 — REVISED MARCH 1934

outp

APPLICATION INFORMATION

ut-frequency scaling

Output-frequency scaling is controlled by two logic inputs, S2 and S3. Scaling is accomplished on chip by
internally connecting the pulse-train output of the converter to a series of frequency dividers. Divided outputs
available are divide-by 2, 10, 100, and 1 (no division). Divided outputs are 50 percent-duty-cycle square waves
while the direct output (divide-by 1) is a fixed-pulse-width pulse train. Because division of the output frequency
is accomplished by counting pulses of the principal (divide-by 1) frequency, the final-output period represents
an average of n (where nis 2, 10 or 100) periods of the principal frequency. The output-scaling-counter registers
are cleared upon the next pulse of the principal frequency after any transition of the S0, S1, S2, S3, or OE lines.
The output goes high upon the next subsequent pulse of the principal frequency, beginning a new valid period.
This minimizes the time delay between a change on the input lines and the resulting new output period in the
divided output modes. In contrast with the sensitivity adjust, use of the divided outputs lowers both the full-scale
frequency and the dark frequency by the selected scale factor.

The frequency-scaling function allows the output range to be optimized for a variety of measurement
techniques. The divide-by-1 or straight-through output can be used with a frequency counter, pulse accumulator,
or high-speed timer (period measurement). The divided-down outputs may be used where only a slower
frequency counter is available, such as a low-cost microcontroller, or where period measurement techniques
are used. The divide-by-10 and divide-by-100 outputs provide lower frequency ranges for high resolution-period
measurement. :

measuring the frequency

The choice of interface and measurement technique depends on the desired resolution and data acquisition
rate. For maximum data-acquisition rate, period-measurement techniques are used.

Using the divide-by-2 output, data can be collected at a rate of twice the output frequency or one data point every
microsecond for full-scale output. Period measurement requires the use of a fast reference clock with available
resolution directly related to reference-clock rate. Output scaling can be used to increase the resolution for a
given clock rate or to maximize resolution as the light input changes. Period measurement is used to measure
rapidly varying light levels or to make a very fast measurement of a constant light source.

Maximum resolution and accuracy may be obtained using frequency-measurement, pulse-accumulation, or
integration techniques. Frequency measurements provide the added benefit of averaging out random- or
high-frequency variations (jitter) resulting from noise in the light signal. Resolution is limited mainly by available
counter registers and allowable measurement time. Frequency measurement is well suited for slowly varying
or constant light levels and for reading average light levels over short periods of time. Integration (the
accumulation of pulses over a very long period of time) can be used to measure exposure, the amount of light
P asant in an area over a given time period.

3.16
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TSL235
LIGHT-TO-FREQUENCY CONVERTER

SOES012 - SEPTEMBER 1994

® High-Resolution Conversion of Light
Intensity to Frequency With No External
Components

® Communicates Directly With a
Microcontroller

® Compact Three-Leaded Clear-Plastic
Package

description

Single-Supply Operation Down to 2.7 V
Nonlinearity Error Typically 0.2% at 100 kHz
Stable 100 ppm/°C Temperature Coefficient
Advanced LinCMOS™ Technology

The TSL235 light-to-frequency converter combines a silicon photodiode and a current-to-frequency converter
on a single monolithic CMOS integrated circuit. The output is a square wave (50% duty cycle) with frequency
directly proportional to light intensity. Because it is TTL compatible, the output allows direct interface to a
microcontroller or other logic circuitry. The device has been temperature compensated for the ultraviolet-
to-visible light range of 300 nm to 700 nm and responds over the light range of 300 nm to 1100 nm. The TSL235

is characterized for operation over the temperature range of
mechanical data

-~25°C to 70°C.

The TSL235 is offered in a clear-plastic three-leaded package. The photodiode area is 1.36 mm2 (0.0029 in2).

0,75 (0.030) -
0,65 (0.026) | 2,25(0.089)
2,0 (0.079) T.P.t 1,75 (0.069) Pin1  GND
0,635 (0.025) > | 125(0049) Pin2 Vpp
0,4 (0.016) | 0,75 (0.029) Pin3 OUT
’?—:55:- — | =_:—T—
2 |
: —EE:: ) @ -
4,0 (0. 157) LA 1 .
1 V
S— —Es,zfjir == 1 NG
2,05 (0.081 3
0,86 (0.034) 0,65 (0.026) u— e %g‘:on;
0,46 (0.018) 0,55 (0.022) Rt
15,7 (0.619) >
13,2 (0.520) 3,05 (0.120)
4,8 (0.189) 2,55 (0.100)
43 (0.173) 4,85 (0.191)
40 0.85/(0.033) 3,35(0.171)
0,35 (0.012) __1,75(0.069) 4,35 (0.171)
0,75 (0.030) R 1:25(0.049) 3,85 (0.152)
0,51(0.02) 75 (0. |
0,385 (0.015) _{
T lj).___u__ﬂ I x — -
5,05 (0.199) | < N
4,55(0.179) 2,74 (0.108)
2,34 (0.092)
1 True position when unit is installed.
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
Advanced LinCMOS is a trademark of Texas Instruments Incorporated.
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TSL235
LIGHT-TO-FREQUENCY CONVERTER

SOES012 ~ SEPTEMBER 1994

functional block diagram

Current-to-Frequency I l I
Light — Photodiode Converter Output

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (SEE NOte 1) ... . e 6.5V
Operating free-air temperature range, TA  «..oorvriiirii —-25°C to 70°C
Storage temperature range .......... ...ttt s —-25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..........c.c.ovvieiiiiieinennnn. 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

recommended operating conditions

MIN NOM MAX| UNIT
Supply voltage, Vpp 2.7 5 6 Vv
Operating free-air temperature range, To -25 70 °C

electrical characteristics at Vpp = 5 V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
VOoH High-level output voltage loH=-4mA 4 4.3 v
VoL Low-level output voltage loL =4 mA 017 026 \
IpD Supply current 2 3 mA
Full-scale frequencyt 500 kHz
Temperature coefficient of output frequency A <700 nm, -25°C < Tp < 70°C +100 ppm»°C
ksvs Supply-voltage sensitivity Vpp =5V 10% 05 %IV

operating characteristics at Vpp =5V, Tp = 25°C .
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Ee =375 uWicm2, Ap =670 nm 200 250 300 kHz
fo  Output frequency
Ee=0 025 10| Hz
fo = 0 kHz to 10 kHz +0.1% %F.S.
Nonlinearity § 0 ~
fo = 0 kHz to 100 kHz +0.2% %F.S.

1 pulse of new

Step response to full-scale step input frequency plus 1 us

1 Full-scale frequency is the maximum operating frequency of the device without saturation.
§ Nonlinearity is defined as the deviation of fo from a straight line between zero and full scale, expressed as a percent of full scale.
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TSL235
LIGHT-TO-FREQUENCY CONVERTER

SOES012 - SEPTEMBER 1994
S —

fo — Output Frequency — kHz

'O(dark)‘ Dark Frequency — Hz

TYPICAL CHARACTERISTICS

OUTPUT FREQUENCY
vs
IRRADIANCE PHOTODIODE SPECTRAL RESPONSIVITY
1000 T 1 T
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2 o6
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1 4
i
/| L
0.1 L § \
/ 2 ‘
0.01 02
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Figure 1 Figure 2
TEMPERATURE COEFFICIENT
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TEMPERATURE ° WAVELENGTH OF INCIDENT LIGHT
100 < 10000 T T
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§ 8000
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Figure 3 Figure 4
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TSL235
LIGHT-TO-FREQUENCY CONVERTER

SOES012 - SEPTEMBER 1994

TYPICAL CHARACTERISTICS
OUTPUT FREQUENCY
VS
SUPPLY VOLTAGE
1.005 T r
Ta = 25°C
1:004 | ¢ 500 kHz
. 1.003
, 1.002
& 1.001 L]
g, e
3
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3 \
Z 0997
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Figure 5
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TSL235
LIGHT-TO-FREQUENCY CONVERTER

SOES012 - SEPTEMBER 1994

APPLICATION INFORMATION

power-supply considerations

For optimum device performance, power-supply lines should be decoupled by a 0.01-pF to 0.1-pF capacitor with
short leads (see Figure 6).

output interface

The output of the device is designed to drive a standard TTL or CMOS logic input over short distances. If lines
greater than 12 inches are used on the output, a buffer or line driver is recommended.

measuring the frequency

The choice of interface and measurement technique depends on the desired resolution and data-acquisition
rate. For maximum data-acquisition rate, period-measurement techniques are used.

Period measurement requires the use of a fast reference clock with available resolution directly related to
reference-clock rate. The technique is employed to measure rapidly varying light levels or to make a fast
measurement of a constant light source.

Maximum resolution and accuracy may be obtained using frequency-measurement, pulse-accumulation, or
integration techniques. Frequency measurements provide the added benefit of averaging out random- or
high-frequency variations (jitter) resulting from noise in the light signal. Resolution is limited mainly by available
counter registers and allowable measurement time. Frequency measurement is well suited for slowly varying
or constant fight levels and for reading average light levels over short periods of time. Integration, the
accumulation of pulses over a very long period of time, can be used to measure exposure — the amount of light
present in an area over a given time period.

Vop

_[——«
T

0.1 pF

TSL235 Timer/Port

J' ! MCU

Figure 6. Typical TSL235 Interface to a Microcontroller
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOESO009A - D4059, NOVEMBER 1982 — REVISED AUGUST 1893

® Containg 64-Bit Static Shift Register (TOP VIEW)

* Contains Analog Butfer With Sample and sd? N epvoo
Hold for Analog Output Over Full Clock CLK [] 2 7[]GND
Perlod AO [ 3 8[] GND

* Single-Supply Operation vop [ 4 sfinc

® Operates With 500-kHz Shift Clock NC - No internal connection

® 8-Pin Clear Plastic DIP Package
¢ Advanced LInCMOS™ Technology

description

The TSL213 integrated opto sensor consists of 64 charge-mode pixels arranged in a 64 x 1 linear array. Each
pixel measures 120 um x 70 um with 125-um center-to-center spacing. Operation is simplified by internal logic
requiring only clock and start-integration-pulse signals.

The TSL213 is intended for use in a wide variety of applications including linear and rotary encoding, linear
positioning, edge and mark detection, and contact imaging.

The TSL213 is supplied in an 8-pin dual-in-line clear plastic package.

functional block diagram

Voo

64 Pixels
7
Sense
! Node Pixel
! Buffer Samoie
Differential P Output
_I} arkPixel | (et Amplifier [+ and Butiar 3 a0
< Ref el
I Pixel Selector Swla:h | G Buffer [
4 4 4 ece 4
s1_Tso T S84 AL
(external load)
Nonoveriapping
Reset Clock Generator 1
} I f XX ) A
Qa1 Q2 Q3 Q64
T LA X ]
2
CLK 64-Bit Shift Register PP
1 - X .

S| —»——

‘ Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device placed in conductive
\ foam during storage or handling to prevent electrostatic damage to the MOS gates.

Advanced LinCMOS is a trademark of Texas Instruments incorporated.

of date.
Products conform to specificstions per the terms of Texss instruments 4.1
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES008A - D4059, NOVEMBER 1992 - REVISED AUGUST 1993

Terminal Functions

PIN
NAME NO. DESCRIPTION
AO 3 Analog output
CLK 2 Clock. The clock controls charge transfer, pixel output, and reset.
GND 6,7 Ground (substrate). All voitages are referenced to the substrate.
NC 5 No intemal connection
Si 1 Serial input. The serial input defines the end of the integration period and initiates the pixel output sequence.
Vpp 4,8 Supply voltages. These supply power to the analog and digital circuits.

detalled description

sensor elements

The line of sensor elements, called pixels, consists of 64 discrete photosensing areas. Light energy striking a
pixel generates electron-hole pairs in the region under the pixel. The field generated by the bias on the pixel
causes the electrons to collect in the element while the holes are swept into the substrate. The amount of charge
accumulated in each element is directly proportional to the amount of incident light and the integration time.

device operation

Operation of the 64 x 1 array sensor consists of two time periods: an integration period during which charge is
accumulated in the pixels and an output period during which signals are transferred to the output. The integration
period is defined by the interval between serial-input (Sl) pulses and includes the output period (see Figure 1).
The required length of the integration period depends upon the amount of incident light and the desired output
signal level.

sense node

On completion of the integration period, the charge contained in each pixel is transferred in turn to the sense
node under the control of the clock (CLK) and Sl signals. The signal voltage generated at this node is directly
proportional to the amount of charge and inversely proportional to the capacitance of the sense node.

reset

An internal reset signal is generated by the nonoverlapping clock generator (NOCG) and occurs every clock
cycle. Reset establishes a known voltage on the sense node in preparation for the next charge transfer. This
voltage is used as a reference level for the differential signal amplifier.

shift register

The 64-bit shift register controls the transfer of charge from the pixels to the output stages and provides timing
signals for the NOCG. The Sl signal provides the input to the shift register and is shifted under direct control
of the clock.

The output period is initiated by the presence of the Si input pulse coincident with a rising edge of CLK
(see Figures 1 and 2). The analog output voltage corresponds to the level of the first pixel after settling time (tg)
and remains constant for a minimum time, t,.. A voltage corresponding to each succeeding pixel is available
at each rising edge of the clock. The output period ends on the rising edge of the 65th clock cycle, at which time
the output assumes the high-impedance state. The 65th clock cycle terminates the output of the last pixel and
clears the shift register in preparation for the next Sl pulse. To achieve minimum integration time, the Sl pulse
may be present on the 66th rising edge of the clock to immediately reinitia*e the output phase. When the output
period has been initiated by an Sl pulse, the clock must be allowed to complete 65 positive-going transitions
in order to reset the internal logic to a known state.

4.2 i
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A — D4059, NOVEMBER 1992 - REVISED AUGUST 1993

sample and hold
The sample-and-hold signal generated by the NOCG is used to hold the analog output voltage of each pixel
constant until the next pixel is clocked out. The signal is sampled while CLK is high and held constant while CLK
is low.

nonoverlapping clock generators
The NOCG circuitry provides internal control signals for the sensor, including reset and pixel-charge sensing.
The signals are synchronous and are controlled by the outputs of the shift register.

Initialization
Initialization of the sensor elements may be necessary on power up or during operation after any period of clock
or Sl inactivity exceeding the integration time. The initialization phase consists of 12 to 15 consecutively
performed output cycles and clears the pixels of any charge that may have accumulated during the inactive
period.

output enable
The internally-generated output-enable signal enables the output stage of the sensor during the output period

(64 clock cycles). During the remainder of the integration period, the output stage is in the high-impedance state
that allows output interconnections of multiple devices without interference.

P e
)y

CLK I 64 Cycles ] Clock Continues or Rer1ains Low After 65th Cycle I 64 Cycles l
—5
114 Ynt =]|
s I I
Igé
)7
Analog
Output Period

-
R

Figure 1. Timing Waveforms

absolute maximum ratings, T = 25°C (unless otherwise noted) (see Note 1)t

Supply voltage range, VDD .. ... vvi it e -05Vto7V
Digital input current range, I} ..............o i e —20 mA to 20 mA
Operating case temperature range, Tg (seeNote 2) ....................cooiiiiiiiion. —10°C to 85°C
Operating free-air temperature range, TA ..........ovuieiiieiiniiii e, 0°C to 70°C
Storage temperature TaNEE .. .. ......ouunuineit ittt —25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..................ccoveinvinennn 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. Thase are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indi d under * perating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Voltage values are with respect to the network GND.
2. Case temperature is the surface temperature of the plastic package measured directly over the integrated circuit.
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A - D4059, NOVEMBER 1992 — REVISED AUGUST 1983
S

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, Vpp 45 55 \
Input voltage, V) 0 VDD v
High-level input voltage, V|4 Vpp x 0.7 VpD \
Low-level input voltage, V|| 0 Vpp % 0.3 "
Wavelength of light source, A 750 nm
Clock input frequency, fclock 10 500 kHz
Pulse duration, CLK low, ty 1 us
Sensor integration time, tint 5 ms
Setup time, Si before CLK?, tsu_@) 50 ns
Hold time, S| after CLK?, th(s1) 50 ns
External resistive load, AO, R 330 Q
Total number of TSL213 outputs connected together 10

Operating free-air temp TA 0 70 °C

electrical characteristics, Vpp = 5V, T = 25°C, f¢jock = 180 kHz, Ap = 565 nm, R = 330 ,
CL = 330 pF, tint = 5 ms, Eq = 20 uW/cm? (unless otherwise noted) (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Analog output voltage saturation level Eg = 51 pW/cm?2 3 34 v
Analog output voltage (white, average over 64 pixels) 1.75 2 v
Analog output voltage (dark, each pixel) Eg=0 0.25 0.4 v
Output voltage (white) change with change in Vpp Vpp=5V25% 2%

Dispersion of analog output voltage See Note 4 210%
Linearity of analog output voltage See Note 5 0.85 1.15

Pixel recovery time See Note 6 25 40 ms
Supply current Ipp Avg 4 9 mA
High-level input current Vi =Vpp 05| pA
Low-level input current Vi=0 0.5 pA
Input capacitance 5 pF

NOTES: 3. The input irradiance (Eg) is supplied by an LED array with Ap = 565 nm.
4. Dispersion of analog output voltage is the maximum difference between the voltage from any single pixel and the average output
voltage from all pixels of the device under test.
5. Linearity of analog output voltage is calculated by averaging over 64 pixels and measuring the maximum deviation of the voltage at
2 ms and 3.5 ms from a line drawn between the voltage at 2.5 ms and the voltage at 5 ms.
6. Pixel recovery time is the time required for a pixel to go from the analog-output-voltage (white, average over 64 pixels) level to the
analog-output-voltage (dark, each pixel) level or vice versa after a step change in light input.

operating characteristics, Vpp =5V, T =25°C, R_=330Q, C|_= 330 pF, tjnt = 5ms, Eq = 20 pW/cm?2,
fclock = 500 kHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ts Settling time 1 us
See Fi Note 7
ty Valid time © Figure 2 and Note 1/2 telock us

NOTE 7: Clock duty cycle is assumed to be 50%.
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A - D4059, NOVEMBER 1992 — REVISED AUGUST 1983

PARAMETER MEASUREMENT INFORMATION

"° T
I 0.1 MF*
) 4 8
Voo Vpp
s — s a0 |2 A0
CLK———LCLK RL:mﬂ_LCL_mpF
TSL213
GND GND

T

t Supply bypass capacitor with short leads should be placed as close to the device as possible.

TEST CIRCUIT
W —’; 1 2 64 65 sy
o ms—/l \—/Il \_,lfz_sv—\_ ov
s S S I S I v
sl | | | L | I
T I ! ,f oY
A
o | Dl | | }
Ao ____yl mpbl., 1 ,l o I Pixelss |\ i
=t - [ | [
OPERATIONAL WAVEFORMS
Figure 2. Test Circuit and Operational Waveforms
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A — D4059, NOVEMBER 1992 — REVISED AUGUST 1983

TYPICAL CHARACTERISTICS
INTEGRATION TIME
NORMALIZED RESPONSIVITY vs
vs IRRADIANCE FOR CONSTANT AVERAGE ANALOG
WAVELENGTH OF INCIDENT LIGHT OUTPUT VOLTAGE
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A -~ D4059, NOVEMBER 1992 - REVISED AUGUST 1993

mechanical data

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated with an electrically
nonconductive clear plastic compound.

Pin1 SI Pixel 1 Is centered ?ﬁ%) ‘.I
Pin2 CLK horlzontally on Pin 1 8 - s
Pin3 AO —/ fl\
Pin4 Vpp
Pin5 NC 9,53 (0.325) : i .
Pln6 GND 7,62 (0.300) - ¢ € (pixer)
Pin7 GND
Pin8 Vpp \
0,51 (0.020) R NOM
| 6,60 (0.260) 0,76 (0.030) D NOM - 4 Places
8,10 (0.240) 18 088
. 5,08 (0.200) G\ 7° MAX TYP
:.:;:ggz:; n\“..m, 3546155 114(0045) 1,6 (0.063)
= ¥ 15(0.059)
' $ -
Seating Plane v i— ' *
0,30 (0.012) 3,81 (0.150)
0,51 (0.020) - 0,20 (0.008) 1,27 (0.050) 3,18 (0.125)
R MAX 8 Places 051 (0.020)
4 Places 1,52 (0.060) _’l 0,56 (0.022)
Pl bt § ' ! 0,36 (0.014)
7'6215_0,;_300) 0,38 (0.015) { )
1,65 (0.065) 2,54 (0.100) T.P.
1,14(0.045)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

TexAas
INSTRUMENTS

4.7






TSL214

64 x 1 INTEGRATED OPTO SENSOR

D3862, JUNE 1991-REVISED AUGUST 1991

* Contains 64-Bit Static Shift Register

¢ Offers Extendable Data I/O for Expanding
the Number of Sensors

* Contains Analog Buffer With Sample and
Hold for Analog Output Over Full Clock
Period

¢ 4-Bit Resolution Capability for Sensor Cell
® Single-Supply Operation

¢ Operates With 500-kHz Shift Clock

®* 14-Pin Package With Clear Plastic Cap

* Advanced LinCMOS™ Technology

description

(TOP VIEW)

Veelo 1 140
SO 2 130
CLK|O 3 || 120
AOJO 4 || 11O
GND]O s 100
S{e] foX} 90
VeelO 7 80

NC
NC
GND
NC
NC
NC
NC

NC-No internal connection

The TSL214 integrated opto sensor consists of 64 charge-mode pixels arranged in a 64 x 1 linear array. Each
pixel measures 120 um x 70 um with a 125-um center-to-center spacing. Operation is simplified by internal logic

requiring only clock and start-integration-pulse signals.

The TSL214 is intended for use in a wide variety of applications including linear encoding, bar-code reading,

edge detection, and contact imaging.

The TSL214 is supplied in a 14-pin dual-in-line package with a clear plastic cap.

A Caution. These devices have limited built-in gate pvotéction. The leads should be shorted together or the device placed in conductive

Atad

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

foam during storage or handling to prevent electrostatic damage to the MOS gates.

[ DATA date. Products
contorm to specifications per the terms of Texas Instruments standerd
wrranty. Prody
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functional block diagram

1,7

o
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k
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| Node [ Pixel
| f ™ v |Buffer D .
i 14 Output 4
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| ! I | Dark Pixel| [Bivar Amplifier [* 201 Butfer
—45 | <+ Reference| Buffer
[ Ppixel Selector Switch Generat ! N RdL
- e 00 e o external loa
3 f —f X { ) =
S1 S2 S3 $64
Nonoverlapping
Reset Clock Generator <
4 4 4 4 8
> SO
ooz las **° Taes
T LN
3
CLK 64-Blt Shift Register " Clock
51 20— fomsdio] >
Terminal Functions
TERMINAL
DESCRIPTION
NAME NO.
AO 4 Analog output
CLK 3 Clock input. CLK controls charge transfer, pixel output, and reset.
GND 5,12 Ground (substrate). All voltages are referenced to the substrate.
8-11 . "
NC 13,14 No internal connection
SI 2 Serial input. SI defines the end of the integration period and initiates the pixel output sequence.
SO 6 Serial output. SO provides a signal to drive the Sl input of another TSL214 sensor for cascading.
Vpp 1,7 Supply voltage. Vpp supplies power to the analog and digital circuits.
4.10 i
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TSL214
64 x 1 INTEGRATED OPTO SENSOR

detailed description
sensor elements

The line of sensor elements, called pixels, consists of 64 discrete photosensing areas. Light energy striking a
pixel generates electron-hole pairs in the region under the pixel. The field generated by the bias on the pixel
causes the electrons to collect in the element while the holes are swept into the substrate. The amount of charge
accumulated in each element is directly proportional to the amount of incident light and the integration time.

device operation

Operation of the 64 x 1 array sensor consists of two time periods: an integration period during which charge is
accumulated in the pixels and an output period during which signals are transferred to the output. The integration
period is defined by the interval between serial-input (SI) pulses and includes the output period (Figure 1). The
required length of the integration period depends upon the amount of incident light and the desired output signal
level.

sense node

On completion of the integration period, the charge contained in each pixel is transferred in turn to the sense
node under the control of the clock (CLK) and serial-input (Si) signals. The signal voltage generated at this node
is directly proportional to the amount of charge and inversely proportional to the capacitance of the sense node.

reset

An internal reset signal is generated by the nonoverlapping clock generator (NOCG) and occurs every clock
cycle. Reset establishes a known voltage on the sense node in preparation for the next charge transfer. This
voltage is used as a reference level for the differential signal amplifier.

shift register

The 64-bit shift register controls the transfer of charge from the pixels to the output stages and provides timing
signals forthe NOCG. The serial input (Sl) signal provides the input to the shift register and is shifted under direct
control of the clock. The input is shifted out to the serial output (SO) on the 64th clock cycle.

The output period is initiated by the presence of the Sl input pulse coincident with a rising edge of the clock
(Figures 1 and 2). The output voltage (Va0) will correspond to the level of the first pixel after delay time tg, and
will remain constant for a minimum time t,,. A voltage corresponding to each succeeding pixel is available at
each rising edge of the clock. The output period ends on the rising edge of the 65th clock cycle, at which time
the output assumes a high-impedance state. The 65th clock cycle terminates the output of the last pixel and
clears the shift register in preparation for the next Si pulse. To achieve minimum integration time, the S| pulse
may be present on the 65th rising edge of the clock to immediately reinitiate the output phase. Once the output
period has been initiated by an Sl pulse, the clock must be allowed to complete 65 positive-going transitions in
order to reset the internal logic to a known state.

sample-and-hold

The sample-and-hold signal generated by the NOCG is used to hold Vpq of each pixel constant until the next
pixel is clocked out. The signal is sampled while the clock is high and held constant while the clock is low.

nonoverlapping clock generators

The NOCG circuitry provides internal control signals for the sensor, including reset and pixel-charge sensing
The signals are synchronous and are controlled by the outputs of the shift register.

4.11
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SOES0020 - JUNE 1991 - REVISED MARCH 1994
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initialization

Initialization of the sensor elements may b necessary on power up or during operation after any period of clock
or Sl inactivity exceeding the integration time. The initialization phase consists of 12 to 15 consecutively
performed output cycles and clears the pixels of any charge that may have accumulated during the inactive
period.

multiple unit operation

Multiple sensor devices may be connected together in a serial or parallel configuration. The serial connection
is accomplished by connecting analog outputs (AO) together and connecting the SO terminal of each sensor
device to the Sl terminal of the next device. The S! signal is applied to the first device only, with each succeedi~g
device receiving its Sl from the SO of the preceding device. For n cascaded devices, the Sl pulse is appliea to
the first device after every n.64 positive-going clock transitions. A common clock signal is applied to all the
devices simultaneously. Parallel operation of multiple devices is accomplished by supplying clock and Si signals
to all the devices simultaneously. The output of each device is then separately used for processing.

output enable

The internally generated output-enable signal enables the output stage of the sensor durii.7 the output period
(64 clock cycles). During the remainder of the integration period, the output stage is in the high-impedance state,
which allows output interconnections of multiple devices without interference.

L
17

CLK I 64 Cycles I Clock Continues or Remains Low After 65th Cycle | 64 Cycles I
e,
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Figure 1. Timing Waveforms
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TSL214
64 x 1 INTEGRATED OPTO SENSOR

absolute maximum ratings, Tp = 25°C (unless otherwise noted) (see Note 1)t

Supply voltage range, VoG - oottt -05Vto7V
Digital output voltage range, Vg .. .. -0.5VtoVge +0.5V
Digital oUtpUL CUITENE, 10 ..o 3 mA
Digital input currentrange, Iy ... —~20 mA to 20 mA
Operating case temperature range, To (seeNote 2) .................coioiiiiiiin.n.. -10°C to 85°C
Storage temperature range .. ...... ... ... --25°Cto 85°C

260°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

t Stresses beyond those histed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
mplied Exposure to absolute-maximum-rated conditions for extended periods may affect device rehability.

NOTES 1. Voltage values are with respect to rnetwork ground terminal

2. Case temperature 1s the surface temperature of the plastic measured directly over the integ-ated circunt

recommended operating conditions

MIN NOM MAX | UNIT
Va Supply voltage 45 55 \2
\ Input voltage 0 vce \
ViH High-level input voltage Vee x0.7 Ao} \4
ViL Low-level input voitage T 0 Vce 03 \
7 Wavelength of light source 750 nm
felock  Clock input frequency 10 500 | kHz
w Pulse duration, clock low 1 ns
tint Sensor integration ime T 5 ms
tsu(Sl) Setup time, senal input before clock ¢ 50 ns
h(SI) Hold time, senial input after clock 50 ns
sample Sample time, See Note 3 172 telock us
Total number of TSL214 outputs connected in parallel 10
Ry Analog output external resistive load 330 Q
TA Operating free-air temperature 0 70 °C
NOTE 3. Clock duty cycle is assumed to be 50%
413
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electrical characteristics at Vpp = 5 V, Tp = 25°C, fgiock = 180 kHz, )5 = 565 nm, R = 330
CL = 330 pF, tjnt = 5 ms, Eg = 20 pW/cm? (unless otherwise noted) (see Note 3)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Low-level output voltage Io=0 0.1 \
High-level output voltage 4.4 \
Analog output voltage saturation level Ee = 60 pW/cm?2 3 34 \Y
Analog output voltage (white, average over 64 pixels) 1.75 22 Vv
Analog output voltage (dark, each pixel) Eg=0 0.25 0.4 "
Output voltage (white) change with change in Vpp Vpp =5V +5% 2%
Dispersion of analog output voltage See Note 4 17.5%
Linearity of analog output voltage See Note 5 0.85 1.15
Pixel recovery time See Note 6 25 40 ms
Supply current IpD (average) 4 9 mA
High-level input current Vi=Vpp 0.5 RA
Low-level input current V=0 0.5 HA
Input capacitance 5 pF

NOTES: 3. Theinputirradiance (Eg) is supplied by an LED array with Ap= 565 nm.
4. Dispersion of analog-output voltage is the maximum difference between the voltage from any single pixel and the average output
voltage from all pixels of the device under test.
5. Linearity of analog-output voltage is calculated by averaging over 64 pixels and measuring the maximum deviation of the voltage
at2 ms and 3.5 ms from a line drawn between the voltage at 2.5 ms and the voltage at 5 ms.
6. Pixel recovery time is the time required for a pixel to go from the analog-output voltage (white, average over 64 pixels) level to
analog-output voltage (dark, each pixel) level or vice versa after a step change in light input.

operating characteristics, Vpp = 5V, Tp = 25°C, fgjock = 500 kHz, Ry = 330 , C|_ = 330 pF,
tint = 5 ms, Eg = 20 uW/cm?2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
tr(s0)  Rise time, SO 25 ns
t1(SO) Fall time, SO 25 ns
tod(SO)  Propagation delay time, SO See Figure 2 and Note 7 70 ns
ts Settling time 1 us
ty Valid time 1/2 folock us

NOTE 7: Clock duty cycle is assumed to be 50%.
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TSL214
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PARAMETER MEASUREMENT INFORMATION
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Figure 2. Operational Waveforms
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TYPICAL CHARACTERISTICS

INTEGRATION TIME
NORMALIZED RESPONSIVITY vs
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64 x 1 INTEGRATED OPTO SENSOR

mechanical data

This assembly consists of a sensor chip mounted on a printed circuit board with a clear molded plastic cap. The
distance between the top surface of the cap and the surface of the sensor is nominally 1.0 mm

(0.040 inch).
Designation per JEDEC Std. 30:
No. 1 Sensor POIP-T14
Element X 1,91 (0.075) MAX
10,67 (0.420) , .|
4 965(0.380) ¥ Both Rows "l [
q- Bottom View }
!
|
e} O @14 10
3.6 (0.142) NOM 2,16 (0.085) MAX
o o @13 28 4 Places
19,30 (0.760)
O @) 1829 (0.720) @ 12 3@
O o 1N — a4
2,54 (0.100) T.P.
O o) ® 10 5 ® 12 Places
(see Note A)
@) O @9 6 @
o | e} ds 70
Sensor Center Line — 762025
,62 £ 0,
3,94 (0.155) 3,43 (0135 (0.300 + 0.010)
3,68 (0.145) 2,79 (0.110)
¢ ¢
|
Seating Plane
| 4,6 (0.180) MIN
J L_ 0,559 (0.022)
0,457 (0.018)
Dia All Pins
NOTE A. The true-position spacing is 2,54 mm (0.100 inch) between lead centerlines. Each pin centerline is located within 0,25 mm
(0.010 inch) of its true longitudinal positions
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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® Contains Two 64-Bit Static Shift Registers (TOP VIEW)
¢ Offers Extendable Data I/O for Expanding Py
the Number of Sensors VopJo't || 140]NC

Sijo2 || 130(|SO1
CLK]O 3 | | 120|GND
AO1]lo 4 || 1O|NC

Contains Analog Buffer With Sample-and-
Hold for Analog Output Over Full Clock

Perlod aNdlo s | | 0o|si2
¢ Single-Supply Operation s02los || solnNC
¢ Operates With 500-kHz Shift Clock Voplo7 || so]AO2
* 14-Pin Encapsulated Clear Plastic Package
* Advanced LInCMOS™ Technology NC-No internal connection

description

The TSL215 integrated opto sensor consists of two sections of 64 charge-mode pixels arranged in a 128 x 1
linear array. Each pixel measures 120 um x 70 um, with 125-um center-to-center spacing. Operation is simplified
by internal logic requiring only clock and start-integration-pulse signals.

.The TSL215 is intended for use in a wide variety of applications including linear and rotary encoding, bar-code
reading, edge detection and positioning, and contact imaging.

The TSL215 is supplied in a 14-pin dual-in-line clear plastic package.

‘ Caution. These devices havedimited built-in gate protection. The leads should be shorted together or the device placed in conductive
toam during storage or handling to prevent electrostatic damage to the MOS gates.

At

Advanced LinCMOS is a trademark of Texas Instruments incorporated.

DATA I current s of date,
conform to specifications per the terms of Texas instruments
Mrdmmhmwmmmmmuuyulm 419
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functional block diagram of each section

Voo
1,7

W W | W

1__]2 3___ JeaPixels

Sense
Node IPlxnl l_”
Buffer DIt o S

P

Output 48
Amplifier [>] And b Buf?er Ao

FAEE

Dark Pixel Hold
«| Reference :l:':l"
Generator 4 RL

|
|
Pixel Selector Switch |
b e e e e e e .____*_ — (External Load)
S1 S2 =
Nonoveriapping
Reset Clock Generator <
Ar 4 Ar vee & o 6,13
ai__|e2 a3 Qss so
T LX N ]
3
CLK: 64-Bit Shift Reglster I Clock ‘—»—J
2,10 l G | B

>

Terminal Functions

NAME PI:UMBER DESCRIPTION
AO1 4 Analog output of section 1
AO2 8 Analog output of section 2
CLK 3 Ciock. The clock controls charge transfer, pixel output, and reset.
GND 5,12 Ground (substrate). All voltages are referenced to the substrate.
NC 1 :‘1 4 No internal connection
Sih 2 Serial input (section 1). The serial input defines the end of the integration period and initiates the pixel output sequence.
Si2 10 Serial input (section 2). The serial input defines the end of the integration period and initiates the pixel output sequence.
SO1 13 Serial output (section 1). The serial output provides a signal to drive the SI2 input.
S02 6 Serial output (section 2). The serial output provides a signal to drive the SI1 input of another TSL215 sensor for cascading.
Vbob 1,7 Supply voltage. This supplies power to the analog and digital circuits.
4.20
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detailed description

sensor elements

The line of sensor elements, called pixels, consists of 128 discrete photosensing areas. Light energy striking
a pixel generates electron-hole pairs in the region under the pixel. The field generated by the bias on the pixel
causes the electrons to collect in the element while the holes are swept into the substrate. The amount of charge
accumulated in each element is directly proportional to the amount of incident light and the integration time.

device operation

Operation of the 128 x 1 array sensor is a function of two time periods: an integration period during which
charge is accumulated in the pixels and an output period during which signals are transferred to the output. The
integration period is defined by the interval between the externally supplied (SI) pulses and includes the output
period (see Figure 1). The required length of the integration period depends upon the amount of incident light
and the desired output signal level. A single TSL215 may be connected in either a serial or parallel configuration.

serlal configuration

The serial connection shown in Figure 1 is accomplished by connecting the analog outputs (AO1 and AO2)
together and connecting the SO1 output to the SI2input. As shown in Figure 1, the external Si signal is supplied
to only the Sl1 input. This causes the first section of 64 pixels to be clocked out in synchronization with the CLK
signal. In conjunction with the 64th pixel, the S| pulse is shifted out on the SO1 output. This SO1 pulse is then
fed to the SI2 input. The 65th clock cycle terminates the output of the last pixel from the first section and clears
the shift register of that section in preparation for the next Sl pulse to that section. The rising edge of the 65th
cycle also puts AO1 into a high-impedance state. The appearance of the SI2 signal and the 65th clock cycle
initiates the output cycle of the second section. The second section of 64 pixels appears at AO2 and the SO2
signal is shifted out on the 128th clock cycle. The rising edge of the 129th clock cycle resets the second section
and puts AO2 into a high-impedance state. Both AO1 and AO2 remain in this high-impedance state until a new
external SI pulse appears on SI1. When the TSL215 is connected as shown in Figure 1, the analog output
appears as a continuous string representing the 128 pixels.

parallel configuration

Parallel operation of the TSL215 (see Figure 2) is accomplished by connecting the serial input lines (SI1 and
S12) together and connecting each AO line (AO1 and AO2) to its own load resistor (R(). This supplies the
external serial input pulse to both Si1 and SI2 simultaneously. Each AO line must be independent of the other
line since both sections are active simultaneously. Pixels 1 through 64 appear on AO1 while pixels 65 through
128 appear on AO2. These two sections of 64 pixels begin clocking out concurrently, each on its respective
output. On the 64th clock cycle both SO1 and SO2 are shifted out of each respective register. The rising edge
of the 65th cycle terminates the output of the 64th pixel from each section and also resets both section’s shift
registers. Both AO lines then go to a high-impedance state until the next external S| signal appears.

sense node

On completion of the integration period, the charge contained in each pixel is transferred in turn to the sense
node under the control of the clock (CLK) and serial-input (Sl) signals. The signal voltage generated at this node
is directly proportional to the amount of charge and inversely proportional to the capacitance of the sense node.

reset

An internal reset signal is generated by the nonoverlapping clock generator (NOCG) and occurs every clock
cycle. Resst establishes a known voltage on the sense node in preparation for the next charge transfer. This
voltage is used as a reference level for the differential signal amplifier.

4.21
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shift register
Both 64-bit shift registers control the transfer of charge from the pixels to the output stages and provide timing
signals for the NOCG. The serial input (SI) signal provides the input to the shift register and is shifted under
direct control of the clock out to the serial output (SO) on the 64th clock cycle. This serial output (SO) pulse can
then be used as the serial input (Sl) pulse for the next section or next device.

The output period for each section is initiated by the presence of the Sl input pulse coincident with a rising edge
of the clock (see Figures 1, 2, and 3). The output voltage (Vap) will correspond to the level of the first pixel after
settling time tg and will remain constant for a minimum time t,. A voltage corresponding to each succeeding pixel
is available at each rising edge of the clock. The output period of a section ends when the active section sees
the rising edge of the 65th clock cycle, at which time the output assumes a high-impedance state. Once the
output period has been initiated by an Sl pulse, the clock must be allowed to complete [(n x 64)+1] (where n
is the number of sections running in series) positive-going transitions in order to reset the internal logic to a
known state. To achieve minimum integration time, the Si pulse may be present on the [ (n x 64)+2]th rising clock
to immediately restart the output phase.

sample-and-hold

The sample-and-hold signal generated by the NOCG is used to hold Va of each pixel constant until the next
pixel is clocked out. The signal is sampled while the clock is high and held constant while the clock is low.

nonoverlapping clock generators

The NOCG circuitry provides internal control signals for the sensor, including reset and pixel-charge sensing.
The signals are synchronous and are controlled by the outputs of the shift register.

initialization
Initialization of the sensor elements may be necessary on power up or during operation after any period of clock
or Sl inactivity exceeding the integration time. The initialization phase consists of 12 to 15 consecutively
performed output cycles and clears the pixels of any charge that may have accumulated during the inactive
period.

multiple unit operation

Multiple sensor devices may be connected together in a serial or parallel configuration. The serial connection
is accomplished by connecting analog outputs (AO) together and connecting the SO output of each sensor
device to the Sl input of the next device. The Sl signal is applied to only the first device with each succeeding
device receiving its Sl input from the SO output of the preceding device. For m-cascaded devices, the Sl pulse
is applied to the first device after every me+128th positive-going clock transitions. A common clock signal is
applied to all the devices simultaneously. Parallel operation of multiple devices is accomplished by supplying
clock and Sl signals to all the devices simultaneously. The output of each device is then separately used for
processing.

output enable

The internally generated output-enable signal enables the output stage of each section during the output period
(64 clock cycles). During the remainder of the integration period, the output stage is in a high-impedance state
that allows output interconnections of multiple devices without interference.
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absolute maximum ratings, Ta = 25°C (unless otherwise noted) (see Note 1)T

Supply voltage range, Vpp (see Note 1) ... .. ... i -05Vto7V
Digital output voltage range, Vo .......ooiiiiiii i -0.5VtoVpp +0.5V
Digital output current, Ig . ... e 3mA
Digital input current range, I) ... —20 mA to 20 mA
Operating case temperature range, To(see Note 2) ...............oiiiiiiiiiiiiiiin -10°C to 85°C
Storage temperature raNge ... ... ....o.uroniit e —25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ...............cccoviiniennn.s 260°C

t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Voltage values are with respect to network ground terminal.
2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit.

recommended operating conditions

MIN NOM  MAX UNIT
Vop Supply voltage 45 55 \'
Vi Input voltage 0 Vpp \
ViH High-level input voltage Vpp x0.7 Voo \
ViL Low-level input voitage 0 Vpp x 0.3 \4
RL Analog output external resistive load 330 Q
IS Wavelength of light source 750 nm
felock Clock input frequency 10 500 kHz
tw(CLKL) Pulse duration, clock low 1 us
tint Sensor integration time 5 ms
tsu(Sl) Setup time, serial input before clockt 50 ns
th(sl) Hold time, serial input after clockt 50 ns
Total number of TSL215 outputs connected together 8
TA Operating free-air temperature 0 70 °C
424 7
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electrical characteristics , Vpp =5V,
Cy = 330 pF, tjny =5 ms, Eg = 23 pW/cm

b

25°C, fcjock = 180 kHz, Ap = 565 nm, R|_ = 330 Q,
nless otherwise noted) (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPt  MAX]| UNIT

VoL Low-level output voltage I0=0 0.10 \
VOH High-level output voltage 44 \
VAO(SAT) Analog output voltage, saturation level Eg = 51 uW/cm2 3 3.4 v
Vaow) Analog output voltage (white, average over 64 pixels) 1.75 2 25 v
VAO(D) Analog output voltage (dark, each pixel) Eg=0 0.25 0.4 \"
AVAOW) __ Output voltage (white) change with change in Vpp Vpp =5V 25%, See Note 6 2%

Dispersion of VAQ See Note 4 210%

Linearity of VAQ tint=2to5ms, See Note 5 0.85 1.15

Pixel recovery time Eg =23 uW/cm2, See Note 7 25 40| ms
oo Supply current Ipp Avg, See Note 6 4 12| mA
[T¥] High-level input current Vi =Vpp, Ta =25°C 0.5 pA
i Low-level input current Vi=0, TA = 25°C 05| pA
Ci Input capacitance 5 pF

1 All typical values are at Vpp = 5 V and T = 25°C.

NOTES: 3. The input irradiance (Eg) is supplied by an LED array with Ap = 565 nm.
4. Dispersion of VAQ is the maximum difference between the voitage from any single pixel and the average output voltage from all pixels

of the device under test.

5. Unearity of VAQ is calculated by averaging over 64 pixels and measuring the maximum deviation of VAQ at 2 ms and 3.5 ms from a

line drawn between VAQ at 2.5 ms and 5 ms.
Device tested in parallel mode with only one section active.
. Pixel recovery time is the time required for a pixel to go from the VAO(W) level to VAO(D) level or vice versa after a step change in light

6.
7
input.

operating characteristics, R| =330 Q, C =330 pF, Vpp =5V, Tp = 25°C, ;¢ =5 ms,
Eq = 23 pW/cm?, f¢1ock = 500 kHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
| (S0) Rise time, serial output 25 ns
tr(so)  Fall time, serial output 25 ns
 tod(SO) Propagation delay time, serial output See Figure 3 and Note 8 70 ns
1g Settling time 1 us
¥ Valid time 1/2 telock us
NOTE 8: Clock duty cycle is assumed to be 50%.
425
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PARAMETER MEASUREMENT INFORMATION
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Normalized Responsivity

VAO(D) - Analog Output Voltage (Dark) — mv
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MECHANICAL DATA

This assembly consists of a sensor chip mounted on a printed circuit board in a clear molded plastic package. The
distance between the top surface of the package and the surface of the sensor is nominally 1.0 mm (0.040 inch).

Designation per JEDEC Std. 30:
PDIP-T14
10,67 (0.420)
le— o oo 1,91 (0.075) MAX
9,69 (0.380) Both Rows —" —
2 .
| Bottom View |
it T T
j——o 1| 8§ o 14 10
Q
8 2,16 (0.085) MAX
0.254 (0.01) NOM 8 3
FLIr(st I:Ib)(ol ©c 1§ ©° ®13 20 4 Places
Location 19,30 (0.760)
© © e | O 39
o r—~ Of4—-—- -4on—a0
254 2(%?00)1'.9.
jaces
0 © ® 10 50 (see Note A)
Q
o |8 o ®9 (X:]
Q
[=]
o j o) Os 70
T |
Sensor Center Llnc——-bl I ,T 7,87 (0.310)
' 3,18 (0.135] —p— )
3940155 _ |, 318(0135) | | 7370200
3e0ia | | 2790119 ¢ ¢
! Seating Plane
I 4,6 (0.180) MIN
_,‘ 0,508 (0.020)
0,406 (0.016)
Dila All Pins
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: The true-position spacing is 2,54 mm (0.100 inch) between lead centertines. Each pin centerline is located within 0,25 mm (0.010 inch)
of its true longitudinal positions.
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PC404 AND PC405
EVALUATION MODULES FOR TSL214 - APPLICATION BRIEF

SECTION 1:
PC404 EVALUATION MODULE

1.1 Introduction

The PC404 facilitates evaluation of the TSL214 Integrated Opto Sensor by providing
the necessary timing and clock signals to support the on-board imaging device. The
designer is then free to investigate the properties and performance of the device
without having to design and construct processor or analog support circuitry. A single
5-V power supply is the only input that is required, and both analog and single-bit
digitized outputs are available. An oscilloscope is required for real-time observation and
analysis of the output signals. The evaluation module is equipped with a lens to allow
objects to be imaged onto the device. For edge detection and other contact
applications, the lens assembly is easily removed.

Two versions of the PC404 are available. The PC404 is fitted with a 64-pixel TSL214
Opto Sensor. The PC404-15 is fitted with the 128-pixel TSL215 Oplo Sensor

5.1
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1.2 Functional Description

The TSL214 support circuitry of the PC404 consists of an oscillator, a counter/divider. a
one-shot pulse generator, and a comparator. The oscillator circuit is built around a
TLC555 timer and the frequency is adjustable via timmer potentiometer R2. Oscillator
output goes simultaneously to the CLK inputs of the TSL214 imager and the 74HC4040
divider. Four of the divider outputs are routed to a bank of header pins (J2) where a
shorting block selects the integration time for the image sensor. The selected divider
signal is applied to the one-shot, which, in turn, generates the Start Integration (Sl)
pulse. The width of the S| pulse is adjusted by trimmer potentiometer R4.

Since the output of the counter/divider advances on the high-to-low transition of the
clock, the Sl pulse is generated while the clock is low. thus satisfying the Sl pulse setup
time requirement of the TSL214. SI pulse width must also satisfy the requirement

tw + th(sl) (typically < 1 ps). PC404 operational waveforms are shown in Figure 1.1.

2 ps

CLK

o e
A0 / \'A Y

Figure 1.1 System Timing

The Analog Output (AO) pin of the imaging device is routed to the AO terminal of the
module as well as to a comparator input. The comparator squares up the analog output
signal to create a 1-bit digital output signal, which is then available at the THRESHOLD
OUT terminal of the module. Trimmer potentiometer R6 adjusts the trigger point of the
comparator. To facilitate adjustment of the clock frequency and Sl pulse width, the
clock signal is brought out to terminal CLK, and the Si signal to terminal Si. The SI
signal can be also used as an external trigger signal for the oscilloscope to provide a
stable display.
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1.3 Operation

The PC404 evaluation module can be used for either focused imaging applications
(with the lens assembly installed) or direct or contact imaging applications (with the
lens assembly removed). The lens assembly can be separated from the evaluation
module circuit board by removing the four nylon screws on the bottom of the board and
lifting the lens assembly off the board.

Connect 5 V dc and ground to the screw terminals on the PC404 (Figure 1.2). Position
the shorting block across jumper 1, 2, 3, or 4 to select integration times of 8.2 ms,

4.1 ms, 2 ms, or 1 ms, respectively. Monitor the TSL214 output at test point AQ (for
analog output) or THRESHOLD OUT (for digital output) with an oscilloscope. Test point
SImay be used as an external trigger for the oscilloscope to provide a stable display.

o PC404 EVALUATIONBOARD 1 5 3 4 = o
51400 delele] @29

i el @ GND

i U E i J2

0 R4 R2

@ GND

(an

E FREQ
1 AbjusT  @CLK
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O] s e

]
% ]

1
]
1
H ®s!
; ! TSL214 THRESHOLD
1
]
]

]
1
1
1
1
1
S 1
' @ ouTt
1
]
'
i
]

o

Figure 1.2 PC404 Module
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1.4 Adjustment

Trimmer potentiometers on the PC404 have been preset at the factory for a clock
frequency of 500 kHz, and SI pulse width of approximately 1 ps. Should adjustment of
the clock frequency, Sl pulse width, or output comparator threshold be necessary, the
following procedures can be followed (see Figures 1.1 and 1.2).

Clock Frequency:
1. Connect oscilloscope to the CLK test point and obtain a stable display.
2. Adjust R2 for a clock frequency of 500 kHz.

SI Pulse Width:
1. Connect oscilloscope to the Sl test point and obtain a stable display.
2. Adjust R4 for an Sl pulse width of 1 ps.

Threshold Adjust:

1. Connect one probe of a dual-trace oscilloscope to the AO test point, the other
probe to the THRESHOLD OUT test point, and obtain a stable display.

2. Adjust R6 so that the THRESHOLD OUT waveform shows the comparator
switching at approximately the midpoint of the 2-volt p-p analog signal (AO)
voltage swing.

Refer to the TSL214 64 x 1 Integrated Opto Sensor data sheet in Appendix E for
additional information.
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1.5 Lens

A lens is provided to allow a large target
to be imaged onto the TSL214. The lens
assembly completely encloses the
TSL214 device and is attached to the
evaluation kit circuit board with four nylon
screws. For contact imaging applications,
the lens assembly is easily removed from
the circuit board.

The lens is 12.8 mm (0.505 inches) in
diameter and is mounted in a black
plastic housing having a back focal length
of 24.2 mm to 25.2 mm. An object focal
distance of approximately 30 cm (12
inches) from the lens is pre-set before
shipment. A sliding collar and set screw
arrangement allows the lens to be moved
in or out of the housing a small amount to

adjust the focus for other object distances.

To adjust the focus (see Figure 1.3):

e

target as needed.

=
™~
= LENS
0\
FOCUS
ADJUSTMENT
SET SCREW

Figure 1.3 Lens Assembly

. lluminate the target and position the PC404 Evaluation Module and

2. Attach an oscilloscope to the AO terminal and obtain a stable display.

3. Loosen the set screw on the side of the lens assembly just enough to allow the

lens to move.

4. Slowly slide the lens in and out of the housing while observing the oscilloscope

until best focus is achieved.

5. Tighten the set screw taking care not to disturb the lens position.

Appendix A contains simple lens system diagram and equations that can be used to
calculate the proper focal length for a given application.

Appendix B shows the PC404 Evaluation Module Schematic diagram.
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SECTION 2:
PC405 EVALUATION MODULE

2.1 Introduction

The PC405 Linear Sensor Digital Applications Module facilitates evaluation of the
TSL214 integrated opto sensor by demonstrating several sensor applications functions.
A microcontroller drives the on-board imager (providing necessary control and timing
signals), processes the resulting sensor output signals, and drives a two-digit LED
numeric display. Preprogrammed functions include linear encoding, precision edge
detection, and simple bar code reading and imaging. Numeric output is shown by the
two-digit LED display, and test points are provided for real-time oscilloscope
observation and analysis of sensor output signals. The board requires only a 5-V power
supply, light source, object media, and oscilloscope (optional) for operation.

Two versions of the PC405 are available. The PC405 is fitted with the 64-pixel TSL215
Opto Sensor. The PC405-15 is fitted with the 128-pixel TSL215 Opto Sensor.

5.7
TeExAs
INSTRUMENTS



PC404 AND PC405
EVALUATION MODULES FOR TSL214 - APPLICATION BRIEF

2.2 Functional Description

The PC405 consists of a TSL214 integrated opto
sensor, a preprogrammed microcontroller, a two-digit o PC405 o
LED display, a four-position function selection jumper
block, and an indicator LED (Figure 2.1). Control and
timing signals for the imager are generated by the
microcontroller, and the sensor output signal is applied
directly to a level-sensitive input of the microcontroller.
The microcontroller processes and interprets the v
output signal from the sensor to provide information on d
pixel states. This information is then used to implement
various sensing functions to perform specific tasks. E£RROR
The software is configurable via jumpers on the board [ J
to select between the following four functions: pixel
level detection, object edge detection, object position
detection, and light/dark transition detection. _
+1®

LENS ASSEMBLY

I
IS}

The microcontroller performs an autocalibration LeoDisPLAYS
procedure at power up to compensate for the level of DlG”ASL“
illumination (and to demonstrate the versatility of O:g:
microcontroller/software control of the imager). An LED °
signals the successful completion of the autocalibration | "’
process and is also used to indicate any error situation
resulting from inadequate illumination or some other oy o

condition preventing the proper operation of the

U4

PC405. Figure 2.1 PC405 Module

Appendix C shows the schematic of the PC405 Linear
Sensor Digital Applications Module.

2.2.1 Autocalibration

The PC405 executes an autocalibration process at each power up to ensure that the
module performs its applications functions properly. Autocalibration initializes the
selected function and establishes a white-level reference and compensates for the
amount of illumination falling on the imager at the moment of power up. Once the
process is complete, the module performs the selected function.

During autocalibration, sensor integration time is adjusted to obtain a high logic level
from each pixel in the sensor. At power up, the microcontroller starts with an arbitrary
(short) integration time and checks to see if all the sensor pixels read high. If all pixels
are not high, there is not enough light for the selected integration time. The process is
repeated with a longer integration time until all pixels read high. Once all pixels read
high, the corresponding integration time is written to RAM and the ERROR LED is
flashed twice to signify successful completion of the autocalibration process.
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2.2.2 Light Source

Operation of the PC405 requires a light source that illuminates the sensor sufficiently to
produce a white-reference (successful autocalibration). By adjusting the integration
time of the imager, the microcontroller can compensate for a wide range of lighting
conditions. In many cases, normal room lighting is adequate for operation, although
fluorescent room lighting may cause incorrect autocalibration and outputs. For best
results (maximum imaging contrast, etc.), however, a direct illumination source is
recommended. This can be provided by a constant light source such as a dc-powered
LED or an incandescent lamp.

223 Media

The PC405 object edge and position detection functions are designed to operate using
contact imaging, in which the object or media is placed between the sensor and light
source. The resulting shadow from the object is detected by the sensor, providing
information about the position or size of the object. Best results are obtained by using a
flat, semi-opaque or opaque object media (such as paper) with a clean edge. If three-
dimensional objects are used as the interfering media, the collimation and direction of
the light source becomes important in obtaining a well-defined shadow edge on the
sensor.

“1’ 5.9
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2.3 Operation

The PC405 module contains four
preprogrammed applications functions in the on-
board microcontroller. The desired function is
selected by installing a jumper across one of the
four pairs of pins on the jumper block before
power is applied to the module. Since both
autocalibration and program initiation are
performed at power up, the desired function
must be selected via jumper and the PC405 and
light source must be physically set up and
positioned in accordance with the requirements
of the selected function before power is applied:

1. Connect a 5-V power supply capable of
delivering 350 mA to the + and - screw
terminals on the PC405 (Figure 1),
taking care to observe correct polarity.

DO NOT turn on the power supply at this time.

Figure 2.2 Jumper Block

2. Select one of the four functions (described in section 2.4) and install the
shorting block across jumper position 1,2,3 or 4 accordingly (Figure 2.2).

3. Clear the sensor area of any obstruction. If using the lens, aim the lens at a

white medium to be used as a reference.

4. Place the light source in the proper position for the selected function.

5. Apply power to the PC405 and observe the LED ERROR indicator.

Two short flashes of the ERROR LED indicate that the sensor has been adjusted and
the white-reference level has been obtained. If after a few seconds the indicator does
not flash or is constantly illuminated, remove power from the module and increase the
amount of available light. When the white-reference level has been obtained, the

module is ready for use.

All four PC405 applications functions can be operated without the lens assembly
installed, although the lens assembly is useful in the light/dark transition function to
image dark bars on a white background from a distance for counting. Refer to section
2.5 for detailed lens assembly information and focusing procedures. For contact
imaging applications, the lens assembly can be separated from the PC405 board by
removing the four nylon screws from the bottom of the board and lifting the lens

assembly off the board.

B 1
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2.4 Functions

The PC405 demonstrates the versatility of the TSL214 linear sensor by performing four
software-based applications functions. Programming resides in the microcontroller
firmware. This supports the four applications functions as well as performing the drive
and housekeeping tasks required by the sensor.

2.4.1 Pixel Level Detection

The Pixel level detection function (jumper
position 1) converts the level of each pixel to a J 2
binary state on a processor output port, creating
a digital logic-compatible signal. The conversion OO
occurs in real-time and is a digitized version of
the sensor output. This output signal may be OO0
interfaced to an external processor or computer
using the Sl output for sync. The signal may be OO0
observed directly using an oscilloscope

connected to the DIGITAL OUT terminal of the m<——— 1
module. The Sl signal can be used to provide a
stable trigger to the oscilloscope. The GND
terminals are provided for ground reference.

24.2 Object Edge Detection

The object edge detection function
determines the location of the edge of
an object placed in the sensor field of
view (Figure 2.3). This function is
useful in applications such as paper
or card edge detection and alignment
in printers, plotters, and roll feeders,
linear position detection in machines
and robots, and level detection of an MEDIA
opagque fluid in a capillary tube. Best c N é
results are obtained with the lens -~
assembly removed from the module < TSL214

. SENSOR
(refer to section 2.5, Lens) and a
direct light source such as an LED Figure 2.3 Edge Detection
positioned above the sensor, at least
13 mm (0.5 inches) away.

LED
LIGHT
SOURCE

The light source and PC405 module must be in position with the sensor fully illuminated
and the edge detection function seiected (jumper position 2) before the moduie is
powered up. The ERROR LED should flash twice a few seconds after the power is
applied, indicating successful autocalibration and program initialization. If the LED does
not flash within several seconds of power up, make sure that there is nothing blocking
the light between the sensor and light source. If the sensor area is clear, power off the
PC405, increase the amount of light falling on the sensor, and repower the PC405.

5.11
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After successful autocalibration, placement of an object between the light source and
sensor casts a shadow on the sensor. If the object shadow is larger than the sensor
active area, the display output indicates the location of the edge of the object to the
nearest pixel. If the object shadow is smaller than the sensor active area, the indication
represents the width of the object.

2.4.3 Object Position Detection

The object position detection function (jumper
position 3) determines the position of an object
within the sensor field of view (Figure 2.4). The
object could be a thread or wire, a vane attached o o DEEN LED

to an analog movement, or the meniscus of fluid in (o o LIGHT

a capillary tube. Best results are obtained with the [0 o] SOURCE
lens assembly removed from the module (refer to AN

section 2.5, Lens) and a direct light source such as ZOAFRRNNN

an LED positioned above the sensor, at least one ‘ >
half-inch away. The light source and PC405
module must be in position with the sensor fully
illuminated and the object position function
selected (jumper position 3) before the module is gthS‘gR
powered up.

J2

The ERROR LED should flash twice a few Figure 2.4 Object Position
seconds after the power is applied, indicating Detection

successful autocalibration and program

initialization. If the LED does not flash within several seconds of power up, ensure that
there is nothing blocking the light between the sensor and light source. If the sensor
area is clear, power off the PC405, increase the amount of light falling on the sensor,
and repower the PC405.

After successful autocalibration, placement of an object between the light source and
sensor casts a shadow on the sensor. Position is determined by the location of the
leading edge of the shadow, which may be larger or smaller than the sensor active
area. The numeric display then indicates the pixel location of the edge of the object. In
this mode, if the software does not detect an object within the field of view, the display
will show 00 and the ERROR LED will light, indicating improper conditions for
operation.
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2.4.4 Light/Dark Transition Detection

The light/dark transition detection function (jumper position 4) determines the number of
light-to dark transitions occurring within the sensor field of view. This function indicates
the number of thin objects spaced across the sensor field of view, or the number of slits
or openings in an opaque medium placed over the sensing area. When used with the
lens, this function can determine the number of dark lines on a light background. This
configuration could be used to read simple bar coded patterns, detect alignment marks
on paper in printers or plotters, or detect objects or their orientation on an assembly
line.

To simplify demonstration of the transition detection function, an example target media
sheet has been provided in Appendix D of this document. Use the following steps to
demonstrate the light/dark transition function (Figure 2.5):

Figure 2.5 Light/Dark Transition Detection

1. Make a good quality photocopy of the sample target media sheet and place it
with the backside (blank white) facing the sensor at a distance of
approximately 30 cm (12 inches) (Figure 2.5). Ensure that the PC405 module
is parallel with the target media sheet and that the sheet is in the sensor field
of view.

. Position a light source such that the light directly illu
3. Place the shorting block in jumper position 4 and ensure
" assembly is installed on the PC405 module.

4. Apply power to the PC405, and observe the ERROR LED.

n

{
hat the lens

—_
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Two short flashes of the ERROR LED indicate that the sensor has been adjusted and
the white-reference level obtained. If after a few seconds the indicator does not flash, or
is constantly illuminated, remove power from the module and increase the amount of
available light. When the white-reference level has been obtained, the module is ready
for use.

5. Turn the sample target media sheet over so that the printed side faces the

sensor.

6. Observe the numeric display on the module.
When everything is positioned properly, the display should read 3.
If this reading cannot be obtained, the lens assembly may need focusing (section 2.5,

Lens) or the positioning of the light source, target media, and PC405 module may need
adjusting. An oscilloscope is helpful when making positioning adjustments:

1. Connect the oscilloscope probe to the AO output and ground terminals. The
Sl terminal may be used to provide an external trigger.

2. Adjust the oscilloscope timebase so that one or two frames (groups of pixels)
are visible on the screen.

3. Adjust the position of the elight source, target media, or the PC405 module
until the three dips can be observed in the output frames.

5.14
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25 Lens

A lens is provided to allow @"
noncontact imaging activities such M L
as simple bar code reading or
reflective object detection. The ®
transition detection function V\
(jumper position 4), for example,

is best suited for use with the \ FOCUS
lens. The lens assembly
completely encloses the TSL214 SET SCREW
device and is attached to the
digital applications module circuit

LENS

ADJUSTMENT

board with four nylon screws. For Figure 2.6 Lens Assembly
contact imaging applications, the

lens assembly is easily removed

from the circuit board.

The lens is 12.8 mm (0.505 inches) in diameter and is mounted in a black plastic
housing having a back focal length of 24.2 mm to 25.2 mm. An object focal distance of
approximately 30 cm (12 inches) from the lens is preset before shipment. A sliding
collar and set screw arrangement allows the lens to be moved in or out of the housing a
small amount to adjust the focus for other object distances.

To adjust the focus (Figure 2.6):

1.

6.

llluminate the target and position the PC405 Digital Applications Module and
target as needed.

. Select the light/dark transition detection function (jumper position 4). apply

power to the PC405, and wait for the autocalibration process to complete.

. Attach an oscilloscope to the AO terminal and obtain a stable display (the SI

terminal can be used as a sync signal for triggering the oscilloscope).

. Loosen the set screw on the side of the lens assembly just enough to allow the

lens to move.

. Slowly slide the lens in and out of the housing while observing the oscilloscope

until best focus is achieved.
Tighten the set screw taking care not to disturb the lens position.

Appendix A contains simple lens system diagram and equations that can be used to
calculate the proper focal length for a given application.

5.15
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APPENDIX A
Simple Lens Formulae

LENS

1
5 .l S J
I‘ 1
fr, Effective Focal Length h.... Height of Image OA
OA ....Optical Axis h' ....Height of Object OA
S.. Lens to Image TCL ..Total Conjugate Length (object to image distance)
S1.....Lens to Object m ......Ratio of Object Height to Image Height

Examples (f = .953, h = .320 inch):

Lens to Object Distance Height of Object h!
S'= f(m+1) h'= mh

= .953 (10+1) = 10(0.320 in)

= 10.48in = 32in
Magnification Total Conjugate Length

_S! _nl _ ¢ (m+1)2
m=3S - h! TCL = f

S h m

_ 1048 _ (10+1)2

- 1.04 = 953 10

=10 = 11.52

Lens to Image Distance

S = f(1+1)
m

]
953 (1+55)

1.04
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Appendix B:
PC404 Schematic
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APPENDIX C:
PC405 SCHEMATIC
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Linear Products

TSL220 Light-to-Frequency Converter

The TSL220 Light-to-Frequency
Converter is designed to convert
light intensity levels into a digital
format. It provides a simple, low-cost
method of light-to-digital conver-
sion. The TSL220 output interfaces
directly with 5V CMOS logic or
microprocessor, and may be inter-
faced to TTL circuitry through the
use of an external resistor. The
output may be coupled to isolated
circuitry or other equipment through
the use of a simple optocoupler.

Why Light-to-Frequency?
Typical light-sensing elements
convert light to a signal in the form
of a current, voltage, or resistance.

In most applications, amplification is
required in order to make the signal
useful. If the signal is to be inter-
faced to a digital system, some type of

A/D converter must also be used.
Several important considerations in
such systems are dynamic range,
sensitivity, signal-to-noise ratio and
interface. The light-to-frequency
converter answers the above con-
cerns while providing many other
useful benefits. Since the signal is in
the form of a frequency, dynamic
range is not limited by supply voltage
and noise. Dynamic range of over
100 dB may be easily obtained.
Sensitivity of the device is maxi-
mized by a large detector area and
precision input circuitry. Once
converted to a frequency, the signal
is virtually noise immune and may be
transmitted over cables from remote
sensors to other parts of the system.
Isolation is easily accomplished with
optical couplers or transformers.
Being a serial data form, the signals

of several sensors may be easily
multiplexed into one processor port
or counter using digital logic.
Integration of the frequency signal
is easily performed in order to
eliminate low frequency (such as 60
or 120 Hz) interference or to
measure long-term light exposure
rates.

Circuit Description

The TSL220 utilizes a photodiode
and a monolithic current-to-
frequency converter to produce a
pulse train output. The frequency
of the output is directly propor-
tional to the light intensity on the
photodiode. The current-to-
frequency converter circuit consists
of an op-amp integrator, transistor
reset switches, a level detector, and a
one-shot pulse generator (Figure 1).

i

Photodiode
Equivalent
Circuit

Cint
ik
Amplifier 1T Amplifier Vee
Input (6) (4)| Output 3)
Hysteresis
MOS Op Amp Level Detector
(2)
Frequency
Output

Pin numbers shown in parenthesis

® LGround

!

SYSTEM BENEFITS

v
Wide dynamic range
light input

v
High noise immunity

v

Minimum component
interface

Figure 1. TSL220 Block Diagram
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The integrator produces a ramp with
a slope proportional to the photo-
diode current. The level detector
resets the integrator when the ramp
reaches an upper threshold voltage.
The cycle is then repeated, thus
producing the frequency signal. The
output of the level detector triggers
the one-shot which generates the
fixed-width output pulse.

During the integration phase

of operation, the reset switches are
open, allowing the photodiode
current to charge the integrating
capacitor C towards the upper
threshold voltage of the level
detector. The charging time is pro-
portional to the photodiode current
and the capacitor value. When the
upper threshold voltage is reached,
the level detector changes state,
triggering the one-shot. The level
detector also turns on the reset

switches, shorting the photodiode
node to ground. The capacitor is
then rapidly discharged through an
internal load resistor toward the
lower threshold voltage. Since this
discharge time is very shor com-
pared to the integration time, the
frequency is determined by the
integration period. When the lower
threshold voltage is reached, the
reset switches open, and the photo-
current again begins to charge the
capacitor toward the upper thresh-
old voltage.

External Capacitor

Since the output frequency of the
TSL220 is determined by the
photodiode current and the external
capacitor value, the frequency may
be adjusted for any given light level
through selection of this capacitor.
This allows the output frequency to
be optimized for a wide variety of

applications and measurement
techniques. The capacitor value
should be determined by the light
level available, the required mea-
surement time, and the measure-
ment technique employed. The
capacitor value also affects the width
of the output pulse, thus affecting
the duty cycle of the output signal.
Figures 2 and 3 quantify this infor-
mation, and provide a guide for
selecting a capacitor value. Most
capacitor types can be used with the
TSL220, however, stable, low-
leakage types are recommended for
best results.

Board Layout

The external integrator capacitor is
connected internally to the cathode
of the photodiode and a high-
impedance op amp input. The
capacitor leads should be kept as
short as possible and the capacitor

C - Capacitance - F

OUTPUT FREQUENCY OUTPUT PULSE DURATION
vs vs
EXTERNAL CAPACITOR VALUE EXTERNAL CAPACITOR VALUE
100 - 100,000 |
fF Vec=5V R | VecE5V T — 3=
[FTa=25C Ta=25" CT— -

K 1000 —
N = [
s § 1000
g 3 = =
w e 5 y & —
s N g —]

2 8 V4
3 o 2 100 S
———t o — ————
s N 3
H] N 2
] 3
E 001 :é; o 10 -
: B= == ==
— b N -
I V4
0.001 E e 1 —
E =ttt 5 B
5 = = ]
= I I I
— 0.1
1p 10p 100p 0.001y 001y 01y 1p ip 10p 100p 1n 10n 100n 1y 10y 100y 1000 p

C - External Capacitor Value - F

Figure 2. Output Frequency

Figure 3. Output Pulse Duration
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should be placed as close as possible
to the TSL220 to minimize noise
pickup and stray capacitance.
Additionally, the use of a grounded
guard ring should be used around
pins 6, 7, and 8 and the capacitor
leads to isolate this input from
potential leakage currents.

Interfacing the TSL220

The output of the TSL220 may be
directly interfaced with CMOS or
HCMOS logic gates and micro-
controllers. The TSL220 output is
an emitter-follower configuration
and is shown in Figure 4. The
TSL220 may be interfaced with
LSTTL logic if a 3.3-k pulldown
resistor is connected from the output
to ground.

Designing with the TSL220:
A display brightness controller
using the TSL220

The wide operating range and
interfacability of the TSL220 make it
ideal for use in microprocessor-based
systems to adjust display brightness or
contrast to compensate for ambient
lighting conditions. The system

Figure 4. TSL220 Ousput Configuration

described here, built around a
Motorola 6805 series
microcontroller, could be used to
provide display adjustment in
systems such as vehicles or portable
equipment under indoor and
outdoor conditions. Features of the
system include operation and
adjustment over a wide range of
light levels, and capability for
remote sensor positioning. The
system configuration is shown in
Figure 5. The TSL220 is mounted
in a position where it receives direct
illumination from ambient light.
Interface is accomplished through
direct connection to an MCU input

5V

\\\/,m

MOU

port.
i Bla  |Dispiay
TIL311| TIL311)

hiness
——— Hospaix mm on

SV

swbm CPU

a CM500
iR-Biocking Fiker
(Motorola 6805)
Lv@f/ﬂ:wom

Figure 5. Display Brightmess Controller

Optical Filter

In many optoelectronic applica-
tions an optical filter is necessary to
tailor the response of the silicon
photodiode to the needs of a
particular application. Since the
display contrast control must make
adjustments to match human eye
perception, it is beneficial for the
sensor spectral response to match
that of the human eye. Asseen in
Figure 6, the photodiode and
human eye responses differ signifi-
cantly in the infrared region. To
compensate for this, an infrared-
blocking filter such as the Hoya
CM500 is used in front of the
sensor to remove the infrared
component of the ambient light,
thus closely matching the response
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Figure 6. Perception of Light vs. Wavelength

Selection of External
Capacitor Value

Selection of the external capacitor
value will depend on the maximum
amount of illumination available to
the sensor, and the desired output
frequency range. Since this system
must function outdoors, it must be
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designed to operate under daylight
conditions. Although the TSL220
will operate at much higher light
levels than those indicated in the
data sheet (1000uW/sq cm), there is
a limit beyond which the device will
no longer operate. This limit
corresponds to approximately
0.4mA of photocurrent, which can
easily be exceeded in full sunlight. If
the TSL220 will be operated under
high intensity light conditions, a
neutral density or other type of filter
must be used to ensure proper
operation over the full range of light
levels. Referring to Table 1, the
maximum light condition (full
sunlight) through a photometric
filter would give 0.225mA, which
does not exceed the internal
photocurrent limitation. To deter-
mine the optimum capacitor value,
the limitations imposed by the
microprocessor must be considered.
The maximum operating speed of
the processor (4MHz) and the

necessary instruction cycles to
perform the counting function will
limit the maximum input frequency
from the TSL220 to about 41kHz,
with a minimum pulse width of 6us.
Using Figures 2 and 3, a capacitor
value of 0.05F will satisfy both
conditions, with plenty of safety
margin.

System Function

As shown in Figure 5, this system
may be used with many types of
display systems including LED
numerical displays, intelligent
display peripherals, LCDs, and
illuminated dials and gauges. The
microcontroller, which is assumed to
be resident in the system and already
performing other functions, is used
to scale the input received from the
TSL220 and adjust the display
brightness based on empirically
determined thresholds or lookup
tables. Various methods are used to
adjust the display brightness. When

decoded alphanumeric displays are
used (such as the Hewlett-Packard
HDSP21xx series), the brightness
may be controlled in discrete steps
by writing the appropriate control
word to the display. Other displays
such as the TIL311 may be dimmed
using the blanking input to periodi-
cally turn off the display at a rate
high enough to be unnoticable to
the eye (typically greater that 100
Hz). The duty cycle (on time vs. off
time) will determine the apparent
brightness of the display and will
also, to an extent, determine the
display power consumption. The
blanking signal may be generated
using periodic interrupts or a timer
on-board the MCU. Similarly, the
variable duty-cycle technique may
be used to control the intensity of
incandescent bulbs or discrete LEDs
for display backlighting or dial
illumination.

Approx. Fout

Condition No Filter IR Filter Approx. Lux (C=0.01uF)
Sunlight (noon) 1.1mA 225 pA 140,000 130 kHz
Sunlight (afternoon) 980 pA 200 uA B ”1”25;»,000 7 177270 kHz
Clear Sky, zenith 53 pA 10 A 6250 7 kHz

Clear Sky, horizon 21 pA 5uA 3125 3.5kHz
Evening Twilight 15 A 3 A 1875 2 kHz
Shade, sunny day 6 uA 700 nA 435 485 Hz

Desk Lighting 2pA 800 nA 550 | 610Hz |
Dusk 850 nA 120 nA 70 7 V 5Hz R
Nightfall 18 nA 25nA 1.5 h . 2 Hz

Table 1. TSL220 Response with Various Filters

© Copyright 1992 Texas Instruments fng
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EXTENDING YOUR REACH
WITH TOTAL INTEGRATION™

Linear Products

TSL230 Application Brief

System Benefits:

Lower Cost

Fewer components
Wider dynamic range
Higher resolution

Problem

The advent of the low-cost micro-
controller and DSP has both simpli-
fied and enhanced the performance
of many types of systems by allow-
ing much of the processing and
functions to be performed in soft-
ware. With the predominance of dig-
ital systems comes the increased
importance of analog-to-digital con-
version in order to interface real-
world (analog) signals to the system.
Light is such a real-world signal that
1s often measured either directly or
used as an indicator of some other
quantity. Most light-sensing ele-
ments convert light to an analog sig-
nal in the form of a current or volt-
age, and must be further amplified
and converted to a digital signal in
order to be useful to the system.
Important considerations in the con-
version process are dynarmic range,
resolution, linearity and noise.

Solution

The TSL230 Light-to-Frequency
Converter is a natural solution to the
problem of light intensity conversion
and measurement, providing many
benefits over other techniques. Light
intensity can vary over many orders
of magnitude, thus complicating the
problem of maintaining resolution
and signal-to-noise ratio over a wide
input range. Converting the light
intensity to a frequency overcomes

limitations imposed on dynamic
range by supply voltage, noise, and
A/D resolution. Since the conversion
is performed on-chip, effects of
external interference such as noise
and leakage currents are minimized,
and the resulting noise immune fre-
quency output is easily transmitted
even from remote locations to other
parts of the system. Being a serial
form of data, interface requirements
can be minimized to a single micro-
controller port, counter input or
interrupt line. Isolation is easily
accomplished with optical couplers
or transformers. The conversion
process is completed by counting
the frequency to the desired resolu-
tion, or period timing may be used
for faster data acquisition.
Integration of the signal can be per-

formed in order to eliminate low fre-
quency (such as 60 or 120Hz) inter-
ference or to measure long-term
exposure.

The TSL230 Programmable Light-to-
Frequency Converter is designed to
linearly convert light intensity to a
digital format. It provides a simple,
low-cost means of getting light
intensity information into a digital
system. The TSL230 interfaces
directly to a microcontroller or logic,
climinating the necd for costly AD
converters and precision analog sig-
nal conditioning. Digital program-
ming inputs allow the system to con-
trol the sensor.

TSL230 MCU

L

Figure 1. The TSL230 eliminates the need for precision analog circuitry and A/D
converters in MCU-based light measuring systems.
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Circuit Description

The TSL230 consists of a mono-
lithic silicon photodiode and a cur-
rent-to-frequency converter cir-
cuit. A simplified internal block
diagram of the device is shown in
Figure 2. Light sensing is accom-
plished by a 10x10 photodiode
matrix. The photodiodes, or unit
elements, produce photocurrent
proportional to incident light.
Sensitivity control inputs SO and
S1 (Table 1a) control a multiplex-
er which connects either 1, 10, or

The unit elements are identical
and closely matched for accurate
scaling between ranges. The cur-
rent-to-frequency converter uti-
lizes a unique switched capacitor
charge-metering circuit to convert
the photo-current to a frequency
output. The output is a train of
pulses which provides the input to
the output scaling circuitry, and is
directly output from the device in
divide-by-1 mode. The output
scaling can be set via control lines
S2 and S3 (Table 1b) to divide the

The TSL230 was designed for
direct interface to a logic level
input. Circuitry has been added
to the output stage to limit pulse
rise and fall times, thus lowering
electromagnetic radiation. For
driving lines longer than several
inches, a buffer or line driver is
recommended. An active low
output enable line (OE) is pro-
vided which, when high, places
the output in a high-impedance
state. This can be used when sev-
eral TSL230 or other devices are

*5’ TeExAs
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100 unit elements thereby adjust- converter frequency by 2, 10, or sharing a common output line.
ing the sensitivity proportionally. 100, resulting in a 50% duty cycle
square wave.
VDD
\ Output
\| Photodiode Current-to-frequency
Converter
Light
S0 s1 s2 s3 OE
Sensitivity Select Inputs Frequency Scaling Inputs
Figure 2. Simplified internal block
diagrum of the TSL230. Table 1a Table 1b
S1 SO0 | SENSITIVITY §3 82 SCA?ING
(divide-by)
L L | Power Down L L 1
L H X L H 2
H L 10X H L 10
H H 100X H H 100
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Interfacing the TSL230
to a Microcontroller

The flexibility of the TSL230
allows the device to be used in a
variety of system configurations.
Although simple light measure-
ment systems can be built using
the TSL230 with timer/counter cir-
cuits or modules, maximum versa-
tility can be achieved using a
microcontroller. In most cases, the
TSL230 will be interfaced to an
existing microcontroller which also
performs other system functions.
Two application situations will be
examined, and examples will show
solutions implemented using three
different microcontrollers: the
Texas Instruments TMS370C010,
the Microchip Technology
PIC®16C54HS, and the Motorola
MC68HC11A8.

High Resolution Light
Measurement

When a very high resolution light
measurement is required, and
speed is not critical, frequency or
pulse counting techniques would
be used. This can be accom-
plished by counting pulses for a
defined period of time (gate
time), or by counting a predeter-
mined number of pulses and then
measuring the elapsed time. The

particular technique will be deter-
mined by the available resources
on the microcontroller.
Frequency measurements have
the added benefit of averaging
out random or high-frequency
variations (jitter) resulting from

noise in the light signal.

Important considerations for fre-
quency counting are resolution,
frequency range and measure-
ment time. Resolution will be lim-
ited by the full-scale frequency to
be measured and the allowable
measurement time. Additionally,
registers must be available in the
microcontroller to hold the result.
Measurement or gate time will be
the quotient of the desired resolu-
tion divided by the full-scale fre-
quency to be measured. An accu-
rate (or at least repeatable) time
reference is needed to keep track
of elapsed time during the pulse
counting process. Peripherals on-
board the MCU such as a timer,
pulse accumulator, or periodic
interrupt capability are necessary
for very accurate measurements.

Fast Light Measurement

Relatively fast light measurements
can be made by measuring the
output period, or alternatively,
pulse width for divide by two,
divide by 10, or divide by 100

fO

T1IC/CR

D4

D5

D6

TSL230

D7

TMS370C010

Figure 3. TMS370C010 interface.

modes. This technique trades res-
olution for speed, and should be
used when measuring varying
light signals or when looking for a
rapid change in light level. Using
the divide by two output, data
may be collected at a rate equal
to the divide by one frequency, or
one data point every microsecond
for full-scale output, by measur-
ing the width of both high and
low pulses. Reasonably accurate
period measurement requires a
fast reference clock or software
loop to keep track of time during
the period. Although period mea-
surement is relatively easy to per-
form in software, on-board MCU
peripherals such as free-running
timers and input capture func-
tions simplify the task.

TMS370 Implementation
Figure 3 and Listings 1 and 2
illustrate the use of the
TMS370C010 microcontroller
with the TSL230. The TMS370
microcontroller provides several
on-board peripherals, which, in
addition to high speed operation,
greatly facilitate frequency and
period measurements. The code
in Listing 1 performs a frequency
measurement on the incoming
signal using the event counter
mode of the on-board timer to
count 256 pulses. A second timer
(watchdog timer) is used to keep
track of elapsed time. This tech-
nique, with a 32-bit full-scale
result, allows measurement over
a 130db range with 200ns resolu-
tion. Measurement time ranges
from approximately 29.3us to
13.1ms, depending on the incom
ing frequency.

The second example, shown in
Listing 2, illustrates the use of a
period timing technique which
utilizes the timer input capture
function. The input capture
hardware captures the timer
reading upon each rising edge of
the input pulse. The elapsed
number of counts between edges
is used to calculate the period
(see Table 2 for results).
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S0

S2
S3

TSL230

RAO
fo IC1
RA1
RA2 S0 PCO
RA3 S1 PC1
RA4 S2 PC2
S3 PC3
TSL230
PIC16C54HS MC6BHC11A8

Figure 4. PIC16C54HS interface

Figure 5. MC68HC11A8 interface

PIC16C54 Implementation

Figure 4 and Listing 3 show a
PIC16C54 interface utilizing a
general purpose [/O port for fre-
quency input. Although a hard-
ware timer is not present on
this MCU, fast clock speed and
rapid instruction execution
allow reasonably accurate tim-
ing functions to be implemented
in software. Period measure-
ment is accomplished using a
tight software counting loop.
For simplicity, the period was
obtained by measuring the high-
going pulse width, assuming
50% duty cycle, and multiplying
by two (see Table 2 for results).
Frequency measurement is

output (see Table 2 for results).
Technique and software implementa-
tion is very similar to that of the
TMS370. Although not illustrated
here, frequency measurement is also
easily performed using the on-board
timer, real-time interrupt, or pulse
accumulator.

Summary

A summary of the performance
capabilities of the three microcon-
trollers evaluated in a period mea-
surement application appears in
Table 2. Resolution in each system
was determined by the speed of the
internal reference clock used to time
the period. The full scale range, and
the minimum frequency, was deter-

Conclusions

The TSL230 may be easily inter-
faced to a variety of microcon-
trollers to form versatile, high-per-
formance light measurement sys-
terns. The particular choice of
microcontroller will depend upon
required performance and operat-
ing range of the light sensing func-
tion, as well as other system
requirements. Performance fac-
tors such as accuracy and mea-
surement range depend upon avail-
able on-board peripherals and
operating speed of the microcon-
troller.

s mined by the register width allocat-
more dlﬁﬁcu_lt because SO’T"".‘“ N ed to the timer count. This is typi-
must' count input pulses vyhxle cally the width of the counter regis-
keeping track of elapsed time. ter unless overflow is considered.
Maximum frequency is the mini-
3 mum pulse width measurable by the
G_SHCH Impl'err'\entaAhon processor, determined by software
Figure 5 and Listing 4 illustrate execution time. Measurement time
an interface to the input capture is the range of time required to
peripheral on the MC68HC11A8 make the highest and lowest fre-
microcontroller to perform peri- quency measurement and is directly
od measurement on the TSL230 dependent upon the incoming fre-
®PIC is a registered trademark of Microchip
quency. Technology Inc.
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Table 2. System Performance Summary

( Period Measurement
MCU Resolution Min Freq Max Freq Meas. Time Range
TMS370 16 bit (LSB=200ns) | 76Hz 92kHz 29.3us-13.1ms 62dB
MC68HC11| 16 bit (LSB=333ns) | 46Hz 111kHz 15.3us-21.8ms 68dB
PIC16C5x 8-bit (LSB=0.8us) | 4.8kHz 1MHz 1us-210us 46dB
Listing 1
High Accuracy / Frequency Measurement for TMS370xxx :
;Both T1 Counter and WD/AUX counter are included in Timer 1 module
START MOV #033h, T1CTL1 ;Stop both T1 and WD/AUX counters
MOV #055h, WDRST ;Clear WD/AUX counter to 0000H
MOV #001h, T1ICTL2 ;Clear T1 counter
MOV #002h, T1PC1 ;Configure T1EVT pin as event input
MOV #001h, TICMSB ;T1 Compare set for 256 falling edges
MOV #000h, T1CLSB ;- High Acc. comes from averaging
GO MOV #002h, T1CTL1 ;Events clock T1 counter, SYSCLK
LOOP BTJZ #020h,T1CTL2,CHECK ;if WD/AUX overflow flag clear skip
INCW #0001h, OVERFLO ;Keep track of WD/AUX overflows
MOV #000h, T1CTL2 ;1 overflow = 10000h * 200ns time
CHECK BTJZ #020H,T1CTL3,LOOP ;Loop until compare flag is set
STOP MOV #033H, T1CTL1 ;Stop both counters.
;Average pulse time = (10000h*(OVERFLOW or OVERFLOW+1 if WD/AUX
;overflow flag set)+Contents of WD/AUX)*200ns/256
Listing 2
;Fast Single Period Measurement for TMS370xxx
;Uses polling - timer interrupt disabled
;Does not account for overflow
START MOV #085H, T1CTL4 ;Configure T1 to Capture/Compare mode
MOV #002H, T1PC2 ;Enable T1IC/CR pin as input capture
MOV #000H, T1CTL3 ;Clear edge detect flag
EDGE1 BTJZ #080H,T1CTL3,EDGE1 \Wait for first rising edge
MOV P044,R012 ;Read Capture Register/time of 1st edge
MOV P045,R013 ;Read timer registers LSB then MSB
MOV #000H, T1CTL3 ;Clear edge detect flag
EDGE2 BTJZ #080H,T1CTL3,EDGE2 ;Wait for second rising edge
MOV P044,R010 ;Read Capture Register/time of 2nd edge
MOV P045,R011 ;Read timer registers LSB then MSB
SUB R0O11,R013 ;Perform 16 bit subtraction to get
SBB R010,R012 ;Result, which is in R012,R013

*9 TExAas
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Listing 3

; 8-bit period measurement routine for PIC 16C5x
; Assumes input signal is 50% duty cycle (divide by 2)
; Does not account for overflow

MOVLW FFH ;FF is hex for 255

MOVWF PCNT ;Initialize period counter
LOOP1 BTFSC PORTA,0 ;Check port

GOTO LOOP1 ;Wait for low level
LOOP2 BTFSS PORTA,0 ;Check port

GOTO LOOP2 ;Wait for high level
LOOP3 INCF PCNT ;Begin counting

BTFSC PORTA,0 ;Check port

GOTO LOOP3 ;Count while high
; Value in PCNT (8-bit) represents period/2

Listing 4

* 16-bit period measurement routine for 68HC11A8
* Uses polling - timer interrupt disabled
* Does not account for overflow

LDAA #$10
STAA TCTL2 Respond to rising edge only

LOOP1 BRCLR TFLG1,$04,LO0P1 Wait for first edge
LDD TIC1 Get time of first edge
STD EDGE1 Store in RAM
LDAA #3504
STAA TFLG1 Clear timer flag

LOOP2 BRCLR TFLG1,$04,LO0P2 Wait for second edge
LDD TIC1 Get time of second edge
SUBD EDGE1 2nd - 1st -> D register
STD PERIOD 16-bit period value

5.30 {
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Linear Products
TSL214 Integrated

Opto Sensor

Absolute encoders provide absolute
rotary position, eliminate the

need for system initialization, provide
electrical noise immunity, increase
system reliability, and improve
operator safety. Automatic storage
systems, robots, and valve controls
use absolute encoders because they
need to know the true position on
power-up. Overhead cranes, factory
automation, and process control
applications use absolute encoders
because they are resistant to electrical
noise and because equipment cannot
be moved to home position on power-
up. Applications such as satellite
dishes and telescopes may use absolute
encoders since the device may remain
inactive for long periods of time, but
true position must be immediately
known at any time. Many position
control applications, such as office
equipment and computer peripherals,

would be optimized by use of absolute
rotary encoders, but are forced to
alternate methods due to cost limita-
tions. Designing an absolute optical
rotary encoder with a TSL214
Integrated Opto Sensor addresses
these issues.

ENCODER
ARCHITECTURE

A rotary encoder typically consists of
a light source, a coded disk, and
photosensors. The basic architecture
of the rotary encoder is shown in
Figure 1. The coded disk, shown in
Figure 3, is made of glass, plastic or
metal. When a glass or plastic disk is
used, an opaque pattern is etched or
printed on it. When a metal disk is
used, the metal has a pattern that 1s
machined or etched away. The light
source, usually LED’s, illuminate the

coded disk from above. When

illuminated, the disk will cast a

light pattern onto the sensors below.
The opaque areas block the light from
reaching the sensors while the
transparent areas allow the light to
reach the sensors. The sensors then
output a voltage or current corre-
sponding to the amount of incident
light on them. As the disk is turned,
the sensors are exposed to a new
pattern, thus the incident light on
each sensor changes and the output
changes. The output signal from the
sensors is then amplified and pro-
cessed to give an electronic represen-
tation of the pattern on the disk.

INTEGRATED SENSOR
OVERVIEW

A tunctional block diagram of the
linear array device is shown in Figure
2. The device consists of 64 charge-
mode pixels arranged in a 64 x 1

Encoder Disk \

TSL214 Integrated —/

Opto Sensor

Figure 1. Basic architecture of the 10S rotary encoder.

SYSTEM BENEFITS

v
System flexibility through
software (changes)

v
Self-calibrating to
compensate for light
source degradation

v
Compact single PCB design
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linear array. Each pixel measures 120 clock signals. The first of these two ROTARY ENCODER
pm x 70 um with a 125 pm center-to- signals is a master clock signal which DESIGN
center spacing. The 64-bit shift has a maximum operating frequency An absolute rotary encoder is imple-
register controls the transfer of charge of 500 kHz. The second signal is a mented using the 64 element inte-
from the pixels to the output stages in single pulse, called the serial input grated sensor device, an IRED, and a
conjunction with the non-overlap- (SI), which is used to define the microcontroller. A mylar printed
ping clock generator (NOCG). The integration time. The integration code disk is used for low cost and ease
NOCG circuitry provides internal time is the length of time that the of fabrication. The prototype encoder
control signals for the sensor, includ- sensor array is allowed to collect light disk has 10 bits of angular resolution,
ing reset and pixel-charge sensing. energy, and is defined by the time and two clear bands for sensor
The signals are synchronous and are between the two consecutive SI calibration.
controlled by the outputs of the shift pulses. Both of these signals are easily X
register. The sample-and-hold signal supplied from either a microcontroller Optical System
generated by the NOCG holds the interface or from discrete logic 1C's. The clear mylar disk is constructed
output of each pixel constant until using photographic techniques to
the next pixel is clocked out. All The TSL214 sensor provides a serial reduce a 5X master plot created on a
digital inputs and outputs from the string of 64 pulses on the analog CAD system. The wheel is then cut
device operate at CMOS levels. output (AO) pin. The voltage level out on a lathe and mounted on a

of these pulses ranges from a few shaft. A Gray coding system is used to
To operate the device, the user must millivolts to approximately two volts limit data ambiguities to +/- 1 LSB.
supply VCC (+5 Volts), Ground, and and is directly proportional to the Data 0’s are coded in opaque black on
two clock signals. Internal logic in the light energy on the pixel. Lower light the wheel, while 1’s are left clear.
device generates all the other neces- levels correspond to a lower output The light from the IRED passing
sary signals from the two user supplied voltage. through the clear mylar produces a

Vee

cee
1 g $3 64 PIXELS
Fr———r e — = ————— =
e % B!
, - — M -
1 1.d T [ I Bufter Differential Saar;.gle Output A0
[l | | « || [Tapoer T Amplifier and Bufier
27 Buff
L1 I Pixel Selector Switch | _! Generator ——

e ———— —— e — —— —— o o— R
* st j s2 s3 eee S64 (External Load)

Reset

SO

Q1 +02 +oa e ios:a
I

64-Bit Shift Register ,_———Clbck [_>_
I Generator  }—— —

CLK —<— 3

Figure 2. Integrated linear array block diagram
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high signal level from the sensor.

The wheel diameter is determined by
the desired resolution and the size of
the sensor elements. Since the sensor
array is radial to the wheel, the width
of each location on the wheel is
determined by the effective width of
the array. The array is 0.005" wide,
limiting each coded location to 0.005"
in width plus some overlap margin.
With a 40% overlap, each location is
0.007". For 1024 locations, this
establishes the inner radius at 1.14"
(the inner most ring shown on the
wheel in Figure 3). The overall wheel
radius is 1.14" plus the length of the
sensor, or approximately 1.5". Since
the effective sensing width of the
sensor at the desired resolution
determine the wheel size, the resolu-
tion density of the wheel can be
increased through reduction of the
effective width of the sensor. This
can be done by placing an opaque
mask with a narrow slit lengthwise
over the sensing area. The width of
the slit would then define the effec-
tive width of the sensor. Thus smaller
wheel pattern geometrics can be used,
thereby increasing possible resolution
or reducing wheel size. Density is
increased at the expense of longer
integration times or increased [RED
power in order to maintain signal
levels. Although the integrated
sensor contains 64 individual sensing

10S ENCODER WHEEL
12 BITS

@)

@

Figure 3. Absolute rotary encoder disk

elements, optical and mechanical
constraints limit the resolution of the
system to much less than 64 bits. In
the proposed system the sensor is
conceptually partitioned into 12
zones, corresponding to the 12
concentric tracks on the wheel
(Figure 4). The width of each zone is
limited by the columnation of the
light source, refraction characteristics
of system components, and pixel

resolution. Each zone consists of tive
pixels, two of which are used for the
signal while the others provide a
guard band berween zones. The guard
bands are needed because the transi-
tion between light and dark parterns
on the array is gradual due to non-
parallel rays striking the array at off-
perpendicular angles. To minimize
this effect, the clear zones are slightly
smaller than the dark ones. This

WHEEL ZONE1 | ZONE2 | ZONE3 | ZONE4 | ZONES5 | ZONEG6 | ZONE7 | ZONE 8 | ZONE 9 | ZONE 10 | ZONE 11 | ZONE 12
LOCATION —

pixew: (12laffsel7| TTTT{TTTTITTTTITTITT{TT HNNEREEENANNENERENRREREEREE
LOGIC 0 | LOGIC 1 LOGIC 0 | LOGIC 0 | LOGIC 1 | LOGIC 0 | LOGIC 0 | LOGIC 0 LOGIC 1 | LOGIC O

BITO BIT1 CAL 1 BIT 2 BIT3 BIT4 BITS BIT6 BIT7 CAL 2 BIT8 BIT9

Figure 4. Linear array partitioning.
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Figure 5. Encoder system block diagram

reduces the effect of diverging rays on
adjacent zones. The integrated sensor
allows the flexibility of grouping
pixels into zones according to the
resolution required.

A GaAlAs infrared-emitting diode
(IRED) is used as a light source

for the sensor. In many current
systems, a differential sensor configu-
ration is used to cancel out IRED
degradation and temperature effects.
This approach requires two sensors for
each bit of resolution and differential
amplification. The proposed system
addresses the problem of light source
degradation by sacrificing two tracks
of the code wheel. These tracks are
left clear, therefore the corresponding
zones always receive full illumination
from the light source. The state of
these zones is monitored by software
on system power-up and periodically
during operation to ensure that
enough sensitivity is maintained to
keep these zones at a high signal level.
Adjustments in sensor integration
time and IRED current can then be
made if these zones fall below the
predetermined threshold level. Since
longer integration times will limit the
operating speed of the encoder, IRED
current adjustments are made when
gross compensation is required, while

integration time adjustments are
made for slight compensation.
Circuitry

The encoder circuitry consists of the
integrated sensor, a microcontroller,
an IRED, and a few passive compo-
nents. The sensor interfaces directly
to the MCU via two port pins and the
interrupt line. The IRED is con-
trolled by one MCU port pin, and the
remaining seven pins are used for
output data lines and handshaking
lines (Figure 5). The 10-bit data word
is supplied in two halves; the least
significant five bits are presented
when the strobe goes low, and most
significant five bits when the strobe is
high.

A microcontroller port pin is used to
sink IRED current through a simple
resistor divider network. This
configuration allows for two IRED
brightness levels, depending on
whether the port is configured as an
output (low level) or as an input (high
impedance).

Software

A principal advantage of the inte-
grated sensor based encoder system is
the flexibility provided by program-
mability. System configuration
(resolution and output format) is

determined by the code wheel and the
microcontroller software. Although
Gray code is used on the code wheel,
the system output can easily be
formatted in binary or BCD by the
MCU. All system calibration is
performed by the software, so no
trimmer adjustments are needed.

A flowchart of the software main
program is shown in Figure 6. The
basic software functions are: system
calibration, sensor drive and decod-
ing, and output formatting. Sensor
drive and decode functions are
performed continuously (each
integration period), output is updated
when the wheel position changes, and
calibration is performed at power-up
or periodically as required by the
system.

The light and dark pattern produced
on the array by the code wheel is
decoded by the processor into a 10-bit
data word. The decoding is accom-
plished by determining the state of
each 5-pixel zone, and then binary
weighting that state according to the
zone number (zone 1 = LSB, zone

10 = MSB). Calibration bands are
ignored in the decoding process. The
binary state of each zone is deter-
mined by requiring that two consecu-
tive pixels be high for a logic high,
otherwise the zone is assumed to be
low. The two-out-of-five requirement
allows for up to +/- 2 pixel misalign-
ment between the wheel and the
array.

The light source must be able to
provide a high leve! signal {above the
pre-determined threshold) when the
light is passed through the wheel.
Factors such as IRED degradation
over time, temperature, and outside
effects such as smoke or other particle
contamination will reduce the
amount of light reaching the sensor.
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The clear calibration bands allow the
MCU to modify either the sensor
integration time to increase sensitiv-
ity, or the IRED current to increase
light output. This is accomplished by
periodically checking the output of
the pixels beneath the clear bands.

If any of these pixels (which were
previously high) have dropped below
the threshold, the system uses one of
the above techniques to increase the
sensor output until these pixels again
cross the threshold. A safety margin,
based on the array uniformity specifi-
cation, is then added to the correction
to ensure that the least sensitive pixels
have heen compensared.

System Performance

The most significant factor bounding
the performance of the proposed
encoder is the operating speed of the
sensor/microcontroller combination.
Utilizing a high-speed (20MHz clock
rate) microcontroller and efficient
software, the maximum operating
spreed of the sensor may be ap-
proached. Considering that 64 pixels
are clocked out at a maximum rate of
500kHz, the minimum time to read
the sensor is 130ps (65 cycles x 2ps).
The SI pulse may be presented
coincident with the 66th clock pulse
to start the read cycle over, thus
achieving minimum integration time.
This would define an absolute
maximum operating frequency of
approximately 7.5kHz, which is a
little more than a tenth of the speed
of comparable encoders currently on
the market. Practically, the operating
speed may be litited to 2.5kHz,
allowing three scans per wheel
location at minimum integration
time. For many applications, how-
ever, high RPM is not required, and
in such cases, the reduced cost of the
proposed encoder would more than
offset the performance limitations.
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