TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOESO009A — D4059, NOVEMBER 1992 — REVISED AUGUST 1993

* Contains 64-Bit Static Shift Register

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

® Single-Supply Operation

® Operates With 500-kHz Shift Clock
® 8-Pin Clear Plastic DIP Package

® Advanced LInCMOS 0O Technology

description

(TOP VIEW)
O
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NC — No internal connection

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
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‘ 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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A — D4059, NOVEMBER 1992 — REVISED AUGUST 1993

Terminal Functions

NAME FIN NO. DESCRIPTION

AO 3 Analog output

CLK 2 Clock. The clock controls charge transfer, pixel output, and reset.

GND 6,7 Ground (substrate). All voltages are referenced to the substrate.

NC 5 No internal connection

Sl 1 Serial input. The serial input defines the end of the integration period and initiates the pixel output sequence.
VDD 4,8 Supply voltages. These supply power to the analog and digital circuits.

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 (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 Sl 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 reinitiate 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.
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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.
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CLK 64 Cycles Clock Continues or Remains Low After 65th Cycle 64 Cycles
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Figure 1. Timing Waveforms

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

SUPPIY VOIAGE FANGE, VDD« - o vttt ettt e e e et e e e e e -05Vto7V
Digital input CUMTENt range, 1] ... ..o e —20 mA to 20 mA
Operating case temperature range, Tc (see NOote 2) . ..., —10°C to 85°C
Operating free-air temperature range, TA ... ..o oot 0°Cto 70°C
Storage temMpPerature FaNgE ... ...ttt ittt et e et et e e —25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............cooiiiiiiinannnn. 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 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 1993

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vpp 4.5 5.5 \%
Input voltage, V| 0 VbD \Y
High-level input voltage, V|4 Vpp x 0.7 VDD \
Low-level input voltage, V|_ 0 Vpp x0.3 \%
Wavelength of light source, A 750 nm
Clock input frequency, felock 10 500 kHz
Pulse duration, CLK low, tyy 1 ps
Sensor integration time, tjnt 5 ms
Setup time, Sl before CLK1, tgy(s)) 50 ns
Hold time, Sl after CLK1, thy(s)) 50 ns
External resistive load, AO, R 330 Q
Total number of TSL213 outputs connected together 10
Operating free-air temperature, Ta 0 70 °C
electrical characteristics, V. pp =5V, Ta = 25°C, fgjock = 180 kHz, Ap =565 nm, R =330 Q,
CL =330 pF, tint =5 ms, Ee = 20 pW/cm?2 (unless otherwise noted) (see Note 3)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Analog output voltage saturation level Ee =51 uW/cm2 3 3.4 \
Analog output voltage (white, average over 64 pixels) 1.75 2 \%
Analog output voltage (dark, each pixel) Ee=0 0.25 0.4 \Y,
Output voltage (white) change with change in Vpp Vpp =5V +5% +2%
Dispersion of analog output voltage See Note 4 +10%
Linearity of analog output voltage See Note 5 0.85 1.15
Pixel recovery time See Note 6 25 40 ms
Supply current IDD Avg 4 9 mA
High-level input current V| =Vpp 0.5 HA
Low-level input current V=0 0.5 A
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,V pp=5V, Ta =25°C, R =330Q, C|_ =330 pF, tjnt =5ms, E¢ =20 pW/cm?2,

felock = 500 kHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
tg Settling time ) 1 us
— See Figure 2 and Note 7
ty Valid time 1/2 felock ps

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 1993

PARAMETER MEASUREMENT INFORMATION

VDD
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2] R =3300Q

CLK CLK L C| = 330 pF

TSL213 T

GND GND

T

T Supply bypass capacitor with short leads should be placed as close to the device as possible.
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Figure 2. Test Circuit and Operational Waveforms
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TSL213
64 x 1 INTEGRATED OPTO SENSOR

SOES009A — D4059, NOVEMBER 1992 — REVISED AUGUST 1993

Normalized Responsivity

Analog Output Voltage (dark) — mV

TYPICAL CHARACTERISTICS

INTEGRATION TIME

NORMALIZED RESPONSIVITY Vs
VS IRRADIANCE FOR CONSTANT AVERAGE ANALOG
WAVELENGTH OF INCIDENT LIGHT OUTPUT VOLTAGE
1 YA 10 T T T T 1
A\ Vpp=5V
I 2\ 9 )\p =565 nm
0.4 [ AN \ Analog Output Voltage (white,
' l \ 0 8 average over 64 pixels) =2 V
7 — 9Eo0
, U \ : \ Ta = 25°C
]
\ E 7
'_
c
8
0.1 \ g 6
\ >
\ L
c
= 5
\ | \
0.04 -
E N\
o= 4 \
| VDD=5V N
Ta = 25°C 3 N
tint =3 ms \
0.01 L L 2 ~
400 500 600 700 800 900 1000 1100 0 5 10 15 20 25 30 35 40 45 50
A — Incident Wavelength — nm Ee — Irradiance — puW/cm?2
Figure 3 Figure 4
ANALOG OUTPUT VOLTAGE (DARK) NORMALIZED OUTPUT VOLTAGE
Vs Vs
INTEGRATION TIME INTEGRATION TIME
300 1 T T
Vpp=5V /
0.9 Ta =25°C
250 R Ee = 20 pW/cm?2 /
> 0.8
N /
N
200 S 0.7
3
% 0.6 / Ee = 10 pW/cm?2
150 £
5 0.5
z
S 04
100 2
2 03
= / Ee = 2 uW/cm2
50— VD|2 =5V 8 0.2 —
Ee =0 //
Tp = 25°C 0.1 — —
0 | | |
1 2 4 710 20 40 70100 = 1 5 & 7 8 9 10

tint — Integration Time —ms

Figure 5

tint — Integration Time —ms

Figure 6

TEXAS {'f
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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.

10,92

(0.430)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Pin1 SI Pixel 1 is centered e
Pin2 CLK horizontally on Pin 1 8 9:40(0.370) 5
Pin3 AO T p M N
Pin4 Vpp \ 1
Pin5 NC 9,53 (0.325) i | - — | G (pixel)
Pin6 GND 7,62 (0.300) T | I N ¢
Pin 7 GND 0,32(0.013 : 5
PIn8 Vpp ey = [y =
0,51 (0.020) R NOM
6,60 (0.260) 0,76 (0.030) D NOM 1 4 4Places
6,10 (0.240) 1,65 (0.065)
4_\ o
L91(0.075) . 5.08(0.200) T77(5.05) 7 MAX TYP
—_— 15° TYP 3,94 (0.155) 1,6 (0.063)
1,02 (0.040) v 15(0.059)
( \ A
Ir\
? Seating Plane v }_‘ _$
Los* 030(0.012) \ 4 381(0150)
0,51 (0.020) 90° 0,20 (0.008) 1,27 (0.050) g 318(0125)
R MAX 8 Places 0,51 (0.020)
4 Places o1 J . 056(002)
1,52 (0.060) ' 0,36 (0.014)
162 (O 300) 0,38 (0.015)
1,65 (0.065) H 2,54 (0.100) T.P.
1,14 (0.045)
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1995, Texas Instruments Incorporated



TSL215

128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

® Contains Two 64-Bit Static Shift Registers

® 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

® Single-Supply Operation

® Operates With 500-kHz Shift Clock

® 14-Pin Encapsulated Clear Plastic Package
® Advanced LinCMOS [ Technology

description

Vbp
si1
CLK
AO1
GND
SO2

Vbp

(TOP VIEW)

o1 [1uolne

O2 130|S01
O3 12 O |GND
Oa 11 O|NC

Os |]100]SI2

Os6 90|NC

07 L] s0]AO2

NC — No internal connection

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.

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

A

Advanced LInCMOS is a trademark of Texas Instruments Incorporated.

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

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

]
standard warranty. Production processing does not necessarily include ’
testing of all parameters. EXAS
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TSL215

128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

functional block diagram of each section

VbD

Pixels
3
I
| Sense
Node i
1 - Pixel
H > Buffer [ . Samol
I Differential ample Output 4,8
| - Amplifier [P ad [ Buffer |
Dark Pixel Pixel Hold
| Reference 1 Buffer 1
Pixel Selector Switch | | Generator 4 RL
+_ —_——— e e (external load)
LA N J =
S1 S3 S64
Nonoverlapping
Reset Clock Generator <
A A A A 6,13
XX » SO
Q1 Q2 Q3 Q64
T [ X N J
3 s )
CLK 64-Bit Shift Register Clock >
2,10 Generator |
Sl
Terminal Functions
PIN
DESCRIPTION
NAME NO.
AO1 Analog output of section 1
AO2 Analog output of section 2
CLK Clock. The clock controls charge transfer, pixel output, and reset.
GND 5,12 Ground (substrate). All voltages are referenced to the substrate.
9, . .
NC 11, 14 No internal connection
SI1 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.
S0O2 6 Serial output (section 2). The serial output provides a signal to drive the SI1 input of another TSL215 sensor for cascading.
VDD 1,7 Supply voltage. These supply power to the analog and digital circuits.
Texas W
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TSL215
128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

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
a 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 (Sl) pulses and includes the
output period (see Figure 1). The required length of the integration period depends on the amount of incident
light and the desired output signal level. A single TSL215 can be connected in either a serial or parallel
configuration.

serial 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 SI2 input. As shown in Figure 1, the external Sl signal is supplied
to only the SI1 input. This causes the first section of 64 pixels to be clocked out in synchronization with CLK.
In conjunction with the 64th pixel, the SI 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 AOL1 into the 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 the high-impedance state. Both AO1 and AO2 remain in this high-impedance state until a new
external Sl 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
SI2) 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 the 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. 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.

TExas {'f
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TSL215
128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

detailed description (continued)

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 CLK out to the serial output (SO) on the 64th clock cycle. This SO pulse can then be used as
the 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 CLK (see Figures 1, 2, and 3). The analog output voltage corresponds to the level of the first pixel after settling
time (t5) and remains constant for a minimum time (t). A voltage corresponding to each succeeding pixel is
available at each rising edge of CLK. 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 the high-impedance state. Once the output period
has been initiated by an Sl pulse, CLK 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 Sl pulse may be present on the [(n x 64)+2] rising clock to immediately
restart the output phase.

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 CLK
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 can 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. Each succeeding device
receives its Slinput from the SO output of the preceding device. For m-cascaded devices, the Sl pulse is applied
to the first device after every me128th positive-going CLK transitions. A common clock signal is applied to all
the devices simultaneously. Parallel operation of multiple devices is accomplished by supplying CLK 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 the high-impedance state
that allows output interconnections of multiple devices without interference.
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TSL215

128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

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

Supply voltage range, Vpp (SEe NOte 1) ... oottt -05Vto7V
Digital output voltage range, Vo ... oo -05VtoVpp+05V
Digital OUtpUL CUITENE, [0 . oo oo e e 3 mA

Digital input current range, I} ......... o

Operating case temperature range, Tc (see Note 2) ............. ...,
Storage teMPErature FANGE . ... ..ottt et e e et e et

—-20 mAto 20 mA
—10°C to 85°C
—-25°C to 85°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............cciiiiiiiinennnn. 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 the network GND.
2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vpp 4.5 5.5 \
Input voltage, V| 0 VDD \
High-level input voltage, V|4 Vpp x0.7 VDD \%
Low-level input voltage, V| 0 Vpp x0.3 \
Analog output external resistive load, R|_ 330 Q
Wavelength of light source, A 750 nm
Clock input frequency, fclock 10 500 kHz
Pulse duration, CLK low, ty(CLKL) 1 ps
Sensor integration time, tjt (see Figures 1 and 2) 5 ms
Setup time, Sl before CLK1, tgy(s)) 50 ns
Hold time, Sl after CLK1, ty(s)) 50 ns
Total number of TSL215 outputs connected together 8
Operating free-air temperature, Ta 0 70 °C
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TSL215

128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

electrical characteristics, V. pp=5V, Tp =25°C, f¢jgck =180kHz, Ap =565nm, R|_=330Q, C| =330 pF,
tint =5 ms, E = 20 pW/cm?2 (unless otherwise noted) (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT wmAX | UNIT
Low-level output voltage =0 0.1 \%
High-level output voltage 4.4 \Y
Analog output voltage, saturation level Ee =60 uW/(:m2 3 3.4 \
Analog output voltage (white, average over 64 pixels) 1.75 2.2 \%
Analog output voltage (dark, each pixel) Ee=0 0.25 0.4 \
Output voltage (white) change with change in Vpp Vpp =5V 5%, See Note 4 +2%
Dispersion of analog output voltage See Note 5 +10%
Linearity of analog output voltage tint =2 ms to 5 ms, See Note 6 0.85 1.15
Pixel recovery time See Note 7 25 40 ms
Supply current DD (average), See Note 4 4 12 mA
High-level input current V|I=VDpD 0.5 HA
Low-level input current V=0 0.5 HA
Input capacitance 5 pF

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

NOTES: 3. The inputirradiance (Eg) is supplied by an LED array with )\p =565 nm.
4. Device tested in parallel mode with only one section active

5. 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.

6. 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 5 ms.

7. 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, R | =330 Q, C| =330 pF, Vpp =5V, Tp = 25°C, tjnt =5 ms,

Ee = 20 pW/cm?2, fejock = 500 kHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tr(SO) Rise time, SO 25 ns
tf(SO) Fall time, SO 25 ns
thd(SO) Propagation delay time, SO See Figure 3 and Note 8 70 ns
tg Settling time 1 us
ty Valid time 1/2 felock ps

NOTE 8: Clock duty cycle is assumed to be 50%.
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TSL215
128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993
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Figure 1. Serial Configuration
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Figure 2. Parallel Configuration
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TSL215
128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

PARAMETER MEASUREMENT INFORMATION

T
0.1 prt
T
- VDD VDD
2 4
Sl — sn AO1 l AO1
3 RL =330Q =
cLKk ———— ik L I CL =330 pF
10 — ==
SI2 —————— 1 sp2 - -
13
o1 SO1 AO2 8 AO2
; e L
S0O2 SO2 %RL =330Q I C| =330 pF
GND GND = =
5 12

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

TEST CIRCUIT
t de—l
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s M ‘__ | —» r_ts }‘W (SO) 1 (S0O) }
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OPERATIONAL WAVEFORMS

Figure 3. Test Circuit and Operational Waveforms
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TSL215
128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

Normalized Responsivity

Analog Output Voltage (dark) — mV

TYPICAL CHARACTERISTICS
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TSL215
128 x 1 INTEGRATED OPTO SENSOR

SOESO005A — JUNE 1992 — REVISED AUGUST 1993

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 mm (0.040 inch).

Designation per JEDEC Std. 30:

PDIP-T14
10,67 (0.420)
o 2 ) 1,91 (0.075) MAX
9,69 (0.380) Both Rows ‘ﬂ N
q I
‘ Bottom View |
! —t |
T_O 1| 8 @) b 14 1
o
= 2,16 (0.085) MAX
0.254 (0.01) NOM o | g o ® 13 2@ A biaces
First Pixel =}
Location 19,30 (0.760)
O O 18,29 (0.720) ® 1 3@
O @) - - - ® 11 4 @
2,54 (0.100) T.P.
12 Places
o O ® 10 59 (see Note A)
o
o | g o ®9 6@
=
o
O =] O (X} 7 ®
T | |
| |
Sensor Center Line — ‘ ‘ 7,87 (0.310)
‘ 3,18 (0.135) r—ﬂ— S 500,
3,94 (0.155 bl S’ 7,37 (0.290
3,94 (0.155) —4—»‘ 2,79 (0.110) (0290
3,68 (0.145) ¢ €

‘ 4,6 (0.180) MIN

.

ol e osmoom
0,406 (0.016)
Diameter All Pins

Seating Plane

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

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.
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1996, Texas Instruments Incorporated



TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990-REVISED JUNE 1991

description

High-Resolution Conversion of Light Intensity to Frequency
Wide Dynamic Rang e ... 118 dB

Variable (and Single) Supply Rang e...5Vto1l0V

High Linearit y . . . Typically Within 2% of FSR (C = 100 pF)
High Sensitivit y ... 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)
¢ 8,7 (0.343)
PIN1NC : Location of
PIN 2 OUTPUT [ —  Photodiode
PIN 3 Vcc Center
PIN 4 C2
PIN 5 GND =
PIN 6 C1 [\ &
PIN 7 NU 0,8 (0.031) R NOM
PIN 8 NU
NC-No internal connection
NU-Not usable (leave unconnected) L_ 2.4 (0.094)
1,9 (0.075)
1,6 (0.063)
0.6 (0.024 6.5(0.256) 1,4 (0.055)
0.6 (0.024) 6,3 (0.248)
0.4(0.016) 70 < . 0,84 (0.033) MIN ﬂ\‘\ 7° MAX
vy IALe (7683205 : (%13005) o
% |- T I
5,6 (0.220) —‘— —Y
5,4 (0.213) o — Seating Plane 3.4(0.134
105° 0,30 (0.012) 3,2(0.126)
8 Pﬁgces 0,23(0.009) 0,85 (0.033)
0,45 (0.018) 0,56 (0.022)
9,5(0.374) 0,36 (0.014)
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-Q pulldown resistor on the output.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include

testing of all parameters.

Copyright [J 1991, Texas Instruments Incorporated
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990-REVISED JUNE 1991

functional block diagram

r———m—m——"""""-"—="—"—-"— A
| TSL220
|

. . Current to

Light | Photodiode Frequency —H—
| Converter :
|
e Jd

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

Supply voltage, Vo (SEE NOte 1) ...

Operating free-air temperature, Ta .. ..ottt e
Storage teMPErature FANGE . ... ..ttt ettt e e e et et e e e e e et

12V

—-25°Cto 70°C
—-25°C to 85°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............cciiiiiiiinennnn. 260°C
NOTE 1: All voltage values are with respect to GND (pin 5).
recommended operating conditions
MIN  NOM  MAX | UNIT
Supply voltage, Vcc 4 5 10 \%
Output frequency, fg (C <100 pF) 750 | kHz
Operating free-air temperature range, Ta -25 70 °C
electrical characteristicsat V. cc =5V, Ta = 25°C (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vom Peak output voltage RL =50 kQ 3 4 \
Icc Supply current C =100 pF, Ee=0 7.5 10 mA
operating characteristicsat V. cc =5V, Ta = 25°C (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. outout 1 Ee =125 uW/cm2, A =880 nm, C =100 pF 50 150 250 | kHz
° utputirequency Eg=0, C=100pF 0 1 50| Hz
tw Output pulse duration C =470 pF 1 us
tr Output pulse rise time C =100 pF 20 ns
tf Output pulse fall time C =100 pF 120 ns

Texas {')
INSTRUMENTS
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990—-REVISED JUNE 1991

PARAMETER MEASUREMENT INFORMATION

Vce
6 —— by
Output | tw s
——— VoM
| TsL220 |
4
5
TEST CIRCUIT OUTPUT WAVEFORM

Figure 1. Switching Times

NOTE: Output waveform is monitored on an oscilloscope with the following characteristics: Rj =2 1 MQ, Cj < 6.5 pF.

TYPICAL CHARACTERISTICS

OUTPUT PULSE DURATION PEAK OUTPUT VOLTAGE
VS VS
EXTERNAL CAPACITOR VALUE LOAD RESISTANCE
1000 ——————————————— 5
= voose s —
— A = .
» 10,000%?% \\
7 4
. ya >| Vcec=5V \
L / o 35 Ta=25°C
S 1000 @ g \
5 y 4 B 3
/7 >
3 5 \
3 100 g 25 \
S 7 o}
CL v 4
5 / 5 2
Qo
g o1 A | | | 0 \
0 = ' 15
| s \
z - O
- 1 % > ! \
0.5
0.1 0
1p 10p 100p 1n 10n 100n 1p 10p 100pl1m 10M 1M 100k 10k 1k 100 10
C — External Capacitor Value — F R| — Load Resistance — Q
Figure 2 Figure 3

Texas “"
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990-REVISED JUNE 1991

TYPICAL CHARACTERISTICS

OUTPUT FREQUENCY NORMALIZED OUTPUT FREQUENCY
VS VS
IRRADIANCE LOAD RESISTANCE
1000 1.3
—Vcc=5V ~ _
[ A =930 nm AT C =27 pF 12_Vc_c—5V
o P ! . C =100 pF
A=A S A / Ta=25°C
100 _ )L A
N Il L > 11
z 7 g
| N %
> LA C=470pF o 1.0
] = = e - —
g ~ g 09
Lg 1 4 ”q 8
©
g s g oo
CI) ~ ) E
o W C=01pF s 07
h 0.1 =4
0.6
'/
0.01 - 05
1 10 100 1000 1M 100k 10k 1k 100 10
Ee — Irradiance — pw/cm?2 R| — Load Resistance — Q
Figure 4 Figure 5
OUTPUT FREQUENCY NORMALIZED OUTPUT FREQUENCY
S Vs
EXTERNAL CAPACITOR VALUE FREE-AIR TEMPERATURE
nneEeEeEeEeE————— 1.4 T T T
— Vcc =5V Vcc =5V
— Ta=25°C 13} C=100pF
10 ' Ee=75 pWV/CmZV
Light Source: Tungsten Filament Lamp P
3 ~ p 4
S 1 % g /
o ~ =3 1.1 -
9] NS [ . /
b BN i /
2 D 5 P
£ 01 N g 10 7
o N ©] /
? AN S /
Q N [} 0.9
‘T 0.01 % = -~
[ < /
E hN E Z
() \C S 0.8
00l D
0.7
0.6
0.001 0.01 0.1 1 10 100 1000 -30 -20 <10 O 10 20 30 40 50 60 70
C — Capacitance — nF Tp — Free-Air Temperature — °C
Figure 6 Figure 7
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990—-REVISED JUNE 1991

Icc - Supply Current — mA

16
15

14

13

12

11

10

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
VS 'S
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
I [ 1.15 I I I I
Ee=0 Vcc =5V
— C =100 pF | C =100 pF
RL=1MQ 11 N RL =1 MQ a

— Tp =25°C ' \ Light Source: Tungsten
IS \ Filament Lamp
5 105 AN
O

/ > \
e = N
n 1 N
B N
S £ N
= 095
// 2 \\
~ A 0.9 AN
/ N
0.85
4 5 6 7 8 9 10 -30 -20 -10 0O 10 20 30 40 50 60 7O
Vcc — Supply Voltage — V Tp — Free-Air Temperature — °C
Figure 8 Figure 9
PHOTODIODE SPECTRAL RESPONSE
1 >
T| = 25|°c / \\
09— A~ V4
/ \

0.8

/ \
0.6 /
0.5 /

il |/ \
0.3

Y \
01—/

N
300 400 500 600 700 800 900 1000 1100
A £ Wavelength — nm

Normalized Response

Figure 10
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TSL220

LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990-REVISED JUNE 1991

(@]
A
/1

\;\ vee

APPLICATION INFORMATION

3

JULI

ouT
TSL220

W

Vce

f

Ambient Light

Vce
3

ouT
TSL220

ls

1/2 SN74HC76

s, ML
——»

i13

Vce

JULI

1kQ

Figure 11. Light-to-Frequency Converter with Square-Wave Output

To Blanking Inputs (BI)

2N3904

100 Q

NOTE: Adjust C to set maximum and minimum brightness levels.

N

or Equivalent

r+r 1

TIL 306,307,308,309,311

Figure 12. Automatic Display Dimming Circuit
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\4

Counter

\4
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Reset
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[— Digital Output

Delay
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Figure 13. Light-to-Digital Converter
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TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990—-REVISED JUNE 1991

APPLICATION INFORMATION

5V 5V 5V 5V 5V
Over 16 | 5 16 | 5 16 | 5 16 | 5 16 | 5
Range
LS LS LS LS LS \\ 5V
7 15 7 B 7 15 7 15 7 15
MAX MAX MAX MAX MAX 3
“—ent K cNT K cNT K cNT K oNT K |
MSD LSD
TIL306 TIL306 TIL306 TIL306 TIL306 2
12 scl2 1 sclY 12 sclY 1 e E scf _,__ °r?
il Foll 2 o] =cIr 9| =]cir 9 ~ {CLR 9 il Folll 2 9] C TSL220
PC PC PC PC PC T 4 1kQ
BI BI BI BI BI
14 E 14 I_s< 14 I_a< 14 I_s< 14 I_s< Jﬁ
[ ¢ e e o
4 1 4 4 ) L =
5V 5V
p to to
— | —Pe— s
120K 8| 4 | 16 | 3 I
1l s 22K U
7 3 15 .
o— Q
NE555 SN74123
1K 100 pF
6 T
rz 2

22 UF A= 1 8| 1

Figure 14. Simple Digital Light Meter

X\ Vee
Port or

3

6 Interrupt
2 Input
ouT 1T
c= TSL220 HP
4

ls

Figure 15. Light Detector with Direct Microprocessor Interface

Texas ""'
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



TSL220
LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990-REVISED JUNE 1991

APPLICATION INFORMATION

Vce Vce Vce
W e
14 16
5 3 4/16] 5 S 202 1/2
nnnls « T [Prranceaee L SN74HC153
ouT CLK Q CK 12 6 I’
5 1 15 1 QA 1 Il s Cco Y Output
c TSL220 SN74HC76 QB c1
4 Q 9 ] L 4 co To pP
c
2 6 I 3
ls CLR QD c3 N EE Range
= l 7 2 Select
= B] Inputs

1| 8
= From pP

NOTE: Adjust C for useful frequency range.

Figure 16. Light Detector with Microprocessor (Microcontroller) and Autoranging Capability

6
2 fo =N .
ouT > +N —>] Binary ——
1 Counter —— L Binary
= TSL220
C Counter Output
4 I
SN74HC4024 SN74HC161
J—s SN74HC4040
L— F Prescale Counter

Figure 17. Digital Light Integrator
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TSL220

LIGHT-TO-FREQUENCY CONVERTER

SOES003 — D3619, AUGUST 1990—-REVISED JUNE 1991

APPLICATION INFORMATION

LSD
\\ Vee Vce Vce Vce
E 165 16 16
LS LS LS
6 nnni. r 7 15 7 15
ouT =N ck MAX ck MAX cK
1 2 15 CNT CNT
C= 4| TSt220
12 sc sc 10 12 sc 10
5 CLR CLR 9 CLR 9
Prescale PC PC PC
1 BI BI BI
) 14| 8 14| 8 14| 8
Reset 1' 1' ‘.
\ TIL306 | TIL306 | TIL306 |

Exposure time =1.1 R { C¢

Start

1 ARE

Figure 18. Digital Light Exposure Meter
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1995, Texas Instruments Incorporated



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

SOES007B — OCTOBER 1992 — REVISED MARCH 1994

® 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 * Stable 100 ppm/ °C Temperature Coefficient

Microcontroller ¢ Advanced LinCMOS 0O 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 multiple-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 mm2 (0.0029 in2) (SO = S1 = H).

10,92 (0.430)
Pinl SO ¢ 9,40(0370) 7]
Pin2 S1 8 5
Pin3 OE S
Pin4 GND T AL UL L1
Pin5 Vcc .
. (Center of active
P!n 6 ouT 8.26(0.325) - — 1 "T ¢ area coincides with
Pin7 S2 7,62(0.300) package center.)
Pin8 S3 i |
L JJtd
1 4 0.51(0.020) RNOM
0,76 (0.030) D NOM 4 Places
6,60 (0.260)
1,65 (0.065
6,10 (0.240) w
. . € o
1,91 (0.075) €~ o 1vp 5,08 (0.200) 7" MAXTYP
1,02 (0.040) 3,94 (0.155) r %
¢ 7y ( T )
Seating Plane v L t L $
105° A
> 0,30(0.012) 3,81 (0.150)
0,51 (0.020) 90 0,20 (0.008) 1,27 (0.050) v 3,18(0.125)
R MAX 8 Places 051(0.020)
4 Places /51(0.020) L J ¢ 0,56 (0.022)
1,52 (0.060) | ‘ TG
7,62 (0.300) TP* 335(0.015) —> 0,36 (0.014)
1650065 —pl e L—DL 2,54 (0.100) TP
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 is current as of publication date. Copyright [J 1994, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

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

SOES007B — OCTOBER 1992 — REVISED MARCH 1994

Terminal Functions Selectable Options
TERMINAL f
110 DESCRIPTION S1 SO SENSITIVITY s3 S SCAE)ING
NAME  NO. hy
oND n Sround L L Power Down (divide-by)
on roun L H 1x L L 1
OE 3 | Enable for fo (active low) H L 10x L H 2
ouT 6 O | Scaled-frequency (fp) output H H 100x H L 10
SO, S1 1,2 | Sensitivity-select inputs H_H 100
S2,S3 7,8 | fo scaling-select inputs
VpbD 5 Supply voltage
functional block diagram
r-—-—————————————————— A
| | Output | | | |
Light : Photodiode Current-to-Frequency :
_>| Converter
I [ _L
L___T __________ #_ ———J1 OE
S0 S1 S2  S3
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Vpp (SEE NOtE 1) . ... o 6.5V
Input voltage range, all inputs, V| ... ... -0.3VtoVpp+0.3V
Operating free-air temperature range, Ta . ..ot —25°C to 70°C
Storage tempPerature FaNgE ... ...ttt ittt e e e et e e e —25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............cciiiiiiinennnn. 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 VbD \%
Low-level input voltage, V|_ Vpp=45Vto55V 0 0.8 \
Operating free-air temperature range, Ta -25 70 °C

5-4
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES007B — OCTOBER 1992 — REVISED MARCH 1994

electrical characteristicsat T A = 25°C, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
VoH High-level output voltage loH=—-4 mA 4 4.3 \
VoL Low-level output voltage loL =4 mA 0.17 0.26 \%
IIH High-level input current HA
L Low-level input current HA
| Supol X Power-on mode 2 mA
u curren
DD PP Power-down mode 10 A
Full-scale frequencyt 1.1 MHz
Temperature coefficient of output frequency A <700 nm, -25°C<Tpa < 70°C +100 ppm/°C
ksvs Supply voltage sensitivity Vpp =5V £10% 0.5 %/
T Full-scale frequency is the maximum operating frequency of the device without saturation.
operating characteristicsat V. pp =5V, Tp =25°C
TSL230 TSL230A TSL230B
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
SO0 =H,
S1=S2=S3=1,
Ee = 130 mW/cm2, 0.8 1 1.2 0.9 1 1.1] 095 1 105| MHz
)\p =670 nm
Ee=0, SO0=H,
S1-S2-53=L 0.1 10 0.1 10 0.1 10 Hz
S1=H,
S0=S2=S3=1L,
Ee = 13 mW/cm2. 0.8 1 1.2 0.9 1 1.1] 095 1 105| MHz
fo  Output frequency Ap =670 nm
Ee=0 S1=H,
S0=S2-53=L 0.13 10 0.13 10 0.13 10 Hz
S0=S1=H,
S2=S3=1,
Ee = 1.3 mWicm2, 0.8 1 1.2 0.9 1 111 095 1 105| MHz
Ap =670 nm
Ee=0, S0=Sl1=H,
S>-353=L 0.5 10 0.5 10 0.5 10 Hz
. Output pulse S2=S3=L 125 550 125 550 125 550 ns
W duration S20rS3=H 1/2f 1/2f 1/2fg s
fo = 0 MHz to 10 kHz +0.1% +0.1% +0.1% %F.S.
Nonlinearity ¥ fo = 0 MHz to 100 kHz +0.2% +£0.2% +0.2% %F.S.
fo=0MHz to 1 MHz +0.5% +0.5% +0.5% %F.S.
Recovery from 100 100 100 us
power down
Step response to
full-scale step input 1 pulse of new frequency plus 1 s
Response time to
programming 2 periods of new principal frequency plus 1 ps§
change
Response time to_
output enable (OE) 50 150 50 150 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.
‘Ui TEXAS
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES007B — OCTOBER 1992 — REVISED MARCH 1994

TYPICAL CHARACTERISTICS

OUTPUT FREQUENCY

'S
IRRADIANCE PHOTODIODE SPECTRAL RESPONSIVITY
1000 T T 4 7 7 1 T T
Vpp =5V Tp = 25°C /
Ap =670 nm /
100 |- Tp = 25°C 4 4 4

0.8 \
S2=83=L

0.1 7

0.4
/ /f S0=L,S1=H \
A \
[ 0.2

00t /’/’/’ N— 'so=H,sil=L /
0.001 | | |

N [ >
£ £
x 10~ S0=H,S1=H / /7 D
5 2 08
5 > 3
> 1 A/ @
9 e]
T I
2 g
5 4 ] 5
o Z
|

“_O

0

0001 001 01 1 10 100 1k 10k 100k 1M 300 400 500 600 700 800 900 1000 1100
Ee — Irradiance — pW/cm?2 A — Wavelength — nm
Figure 1 Figure 2
TEMPERATURE COEFFICIENT
DARK FREQUENCY OF OUTPUT FREQUENCY
Vs vs
TEMPERATURE WAVELENGTH OF INCIDENT LIGHT
N * 10000 ' '
— —\ Vpp=5V
- VDD =5V 7 € Ta =25°C to 70°C

Ee =0 &

10E s2=s3=1L % I 8000
N 7 7 >
T ity 2
! g
g 1 : = g

) — i S — L 6000
= —— S0=H,Sl=H Z T Z7 I =
o / ‘ =
v 0.1 S0=L,S1=H H 5
x — E 5

8 — v/ S 4000

[ — S /
o 001 # 3
g — So-HS1-L —— 2 /
o shsLE O 2000
Y — S ————— o /

p=}
©
5]
Q.

0.0001 = 0

-25 0 25 50 75 R 300 400 500 600 700 800 900 1000

Ta — Temperature — °C A — 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
'S
SUPPLY VOLTAGE

1.005 T
Ta = 25°C
10041 5 =1 MHz
1.003
1.002
1.001 TN

0.999 — \

0.998

Normalized Output Frequency

0.997

0.996

0.995
2.5 3 3.5 4 4.5 5 55 6

Vpp — Supply Voltage — V

Figure 5

APPLICATION INFORMATION

power-supply considerations

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

J@ TEXAS
INSTRUMENTS
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TSL230, TSL230A, TSL230B
PROGRAMMABLE LIGHT-TO-FREQUENCY CONVERTERS

SOES007B — OCTOBER 1992 — REVISED MARCH 1994

APPLICATION INFORMATION

output-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
present in an area over a given time period.

Q‘ TeEXAS
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1995, Texas Instruments Incorporated



TSL250, TSL251, TLS252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004C — AUGUST 1991 — REVISED NOVEMBER 1995

® Monolithic Silicon IC Containing ® |ow Dark (Offset) Voltage ...10 mV
Photodiode, Operational Amplifier, and Max at 25°C, Vpp =5V
® Converts Light Intensity to Output Voltage ® Wide Supply-Voltage Rang e...3Vto9V
® High Irradiance Responsivity Typically ® Low Supply Curren t... 800 pA Typical at
80 mV/(uW/cm?2) at Ap =880 nm (TSL250) Vpp =5V
® Compact 3-Leaded Clear Plastic Package ® Advanced LInCMOS O Technology
description

The TSL250, TSL251, and TSL252 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 IC.
The output voltage is directly proportional to the light intensity (irradiance) on the photodiode. These devices
utilize Texas Instruments silicon-gate LinCMOSO technology, which provides improved amplifier offset-voltage
stability and low power consumption.

functional block diagram

Voltage

s‘t Output

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Vpp (SEE NOTE 1) ... o e e e 10V
OUIPUL CUITENE, [ .« oot i i i e i 10 mA
Duration of short-circuit current at (or below) 25°C (see Note 2) ... ..ot 5s
Operating free-air temperature range, TA - ..ot ettt —25°C to 85°C
Storage temperature range, Tgg -« .« v v v et —25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..............civiiiiiineenn... 240°C

1 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. Allvoltages are with respect to GND.

2. Output may be shorted to supply.

recommended operating conditions

MIN  NOM MAX | UNIT
Supply voltage, Vpp 3 5 9 Y,
Operating free-air temperature, Ta 0 70 °C

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright 0 1995, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS
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TSL250, TSL251, TLS252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004C — AUGUST 1991 — REVISED NOVEMBER 1995

electrical characteristicsatV pp =5V, Ta =25°C, Ap =880 nm, R | =10 kQ (unless otherwise noted)
(see Note 3)

TEST TSL250 TSL251 TSL252
PARAMETER CONDITIONS [ MIN TYP MAX| MIN TYP MAX| MIN TYP MAX UNIT
Vp Dark voltage Ee=0 3 10 3 10 3 10 mvV
Vom zﬂwai’:g”“m outputvoltage | e _ 5 mwrem?2 31 35 31 35 31 35 v
Ee = 25 pW/cm2 1 2 3
Vo Output voltage Eg = 45 pW/cm?2 1 2 3 \%
Ee = 285 pwicm?2 1 2 3
Ee = 25 uWicm?2, ‘1
Ta =0°C to 70°C -
- = >
o |5 e
Ee = 285 pwWicm2, ‘1
Ta =0°C to 70°C -
Ne Irradiance responsivity See Note 4 80 45 7 mV/(uW/cm?2)
Ee = 25 uW/cm?2 900 1600
IDD Supply current Ee = 45 pW/cm?2 900 1600 HA
Ee = 285 pwW/cm?2 900 1600
NOTES: 3. The inputirradiance Eg is supplied by a GaAlAs infrared-emitting diode with )\p =880 nm.
4. Irradiance responsivity is characterized over the range Vo = 0.05to 3 V.
operating characteristics at T 5 = 25°C (see Figure 1)
TSL250 TSL251 TSL252
PARAMETER TEST CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX| UNIT
tr Output pulse rise time | Vpp =5V,  Ap =880 nm 360 90 7 us
tf Output pulse fall time Vpp=5V, Ap=880nm 360 90 7 ps
Vn Output noise voltage Vpp=5V, f=20Hz 0.6 0.5 0.4 UVIVHz

PARAMETER MEASUREMENT INFORMATION

Ee
Pulse ?
Generator /v r - = -
Input
IRED /V | \}4
(see Note A) | Output
I TSL25x
P 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 = 880 nm,
tr<1lps,tf<lps.
B. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 100 ns, Zj > 1 MHz, Cj < 20 pF.

Figure 1. Switching Times

{’f TeEXAS
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TSL250, TSL251, TLS252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004C — AUGUST 1991 — REVISED NOVEMBER 1995

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
Vs
IRRADIANCE PHOTODIODE SPECTRAL RESPONSIVITY
10 ——— 1 I !
— I A Ta =25°C \
— Vpp=5V
— Ap =880nm 7 \
— No Load TSL250 ¥ g 0.8
1k Ta=25C A / \
> — 7 /7 \
7z
5 f Z z \
o rd TSL251 / \
?T 0.1 b ’// ;:.)
g = : / \
I} z » 2 04 /
I 7 TSL252 a
9 7 g o
0.01 A o / \
- 0.2
, I \
0.001 0
0.1 1 10 100 300 500 700 900 1100
Ee — Irradiance — pw/cm?2 A — Wavelength —nm
Figure 2 Figure 3
MAXIMUM OUTPUT VOLTAGE SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE OUTPUT VOLTAGE
9 1
Ee = 2.6 mW/cm 2
~ 8 Ap=880nm
| RL =10kQ / 08 -
] Tp = 25°C
g 7 A 4 E
2 / z |
- c
g & / @ 06
> jun
o / o I
: s g |
E 5 / S o4
x n .
= / ' I
| 4 o
a
><§3 // = 02 L Vpp=5V
3 No Load \
d | (RL==)
Tp = 25°C
2 0 | |
4 5 6 7 8 9 10 0 1 2 3 4
Vpp — Supply Voltage — V Vo - Output Voltage — V
Figure 4 Figure 5
3 15
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TSL250, TSL251, TLS252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004C — AUGUST 1991 — REVISED NOVEMBER 1995

TYPICAL CHARACTERISTICS

NORMALIZED OUTPUT VOLTAGE
'S
ANGULAR DISPLACEMENT

A/ LN
[ / A\ \
roizeo]| | \ \

06 / /TSL251, 252 \ \
/ M
/

Ry

/ \\
0 A\

80° 60° 40° 20° 0° 20° 40° 60° 80°
6 — Angular Displacement

Optical Axis
-

Vo — Normalized Output Voltage

Figure 6
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TSL250, TSL251, TLS252
LIGHT-TO-VOLTAGE OPTICAL SENSORS

SOES004C — AUGUST 1991 — REVISED NOVEMBER 1995

APPLICATION INFORMATION

The photodiode/amplifier chip is packaged in a clear plastic three-leaded package. The integrated photodiode active

area is typically 1,0 mm2 (0.0016 in2) for TSL250, 0,5 mmZ (0.00078 in2) for the TSL251, and 0,26 mmZ2 (0.0004 in2)
for the TSL252.

0,75 (0.030
0,65 (0.026) : 2,25 (0.089)
2,0(0.079) TR.T | 1,75 (0.069)

Pin1 GND
0,635 (0.025) »| | ¢ L125(0.049 Pin2 Vpp
0,4 (0.016) ‘ 0,75 (0.029) Pin3 OUT
1
£ === |
2
—et=re (D)
4,0(0.157) T.R.1 ‘ 3 ‘ .
v - :5(*/_\-’_ <
2,05 (0.081 3
0.86 (0.034) 065(0.026) _ ‘4‘_ L—»—fs(m%
0,46 (0.018) 0,55 (0.022) ' '
15,7 (0.619) N
13,2 (0.520) 3,05 (0.120)
2,55 (0.100)
4.8 (0.189)
| 4,85(0.191)
4,4(0.173) 4,35(0.171)
0,85 (0.033)
0,35 (0.014) _ L75(0.069 | 43500171
0,75 (0.030) R 1,25 (0.049) 3.85(0.152)
0,51 (0.02) : : |
0385 0015 3 AR
i [ 1 1\
[ | \ L —t0F T
* \ /1 ]
5,05(0.199) |
4.55 (0.179) 2,74 (0.108
2,34 (0.092)
T True position when unit is installed.
NOTES: A. Alllinear dimensions are in millimeters (inches).
B. This drawing is subject to change without notice.
Figure 7. Mechanical Data
¥ 1,
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright 00 1995, Texas Instruments Incorporated
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