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It is normal practice for workers in radiation areas to wear a film badge.
Radiation exposure of the film produces film blackening or film density. The degree of
blackening is determined using a densitometer. However, the imported device is costly
and few of them could be provided for routine use.

The purpose of this study was to develop a computer-interface densitometer for
medical applications along with the determination of its performance characteristics and
operational limitations.

Electronic circuitry of the densitometer were designed, constructed and tested
until a suitable combination circuit was achieved. Most of the materials used were locally
available. The MCS-51 microcontroller was used to control the operation systems of the
densitometer and the Visual Basic 6.0 was used in programming for user interface via
RS-232 serial communications interface.

The densitometer was tested for accuracy and precision as well as its compatible
with standard device, a Victoreen densitometer. An acceptable accuracy of 0.53% and a
precision range of 0 to 6.09% were found. Studies in a parallel manner to the Victoreen
densitometer showed that our present instrument could respond to not more than 14 steps
of densities, with OD values ranging between 0.05 to 2.31 while the Victoreen could
cover a wider range up to 21 steps of densities, with OD values ranging from 0.05 to
3.04.

The development of a densitometer as presented in this study could provide
satisfactory information on film densities in the useful range in diagnostic radiology and
radiation protection. Further research needs to be conducted to obtain the most
appropriate computer-interface densitometer with better performance characteristics for
the most benefit to people concerned with radiation.
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CHAPTERI1

INTRODUCTION

1.1 Background and Rationale

Exposure of the x-ray film produced film blackening, or density. The degree of
film blackening is directly related to the intensity of radiation reaching a film. In
diagnostic radiology, a radiographic film examination depends on the visibility of
diagnostic important information on the film. A wide range of density differences can
be measured using an instrument called a densitometer. This device is an optical
density analyzer. It is mainly consisted of a light source and a photodiode sensor. The
sensor of the densitometer generate output that is linearity related to changes in the
light intensity being measured. Also in radiation protection it is used to measure the
degrees of blackening on the film badge which is used as a routine control of personal

whole-body radiation dose.

Since it is rare indeed to find densitometers among departmental equipment
due to limited expenses. Also an imported densitometer is very expensive and the
facilities for the supply of spare parts is limited. It is then of interest, in this thesis, to
design and construct the prototype of densitometer using components which are

locally available.
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1.2 Objectives of the Thesis

1.2.1 To design and construct a densitometer that could provide maximum
information in respoﬁse to series of density as much as possible.

1.2.2 To study the physical characteristics of the light source and sensor to be
used in the design of the electronic circuitry.

1.2.3 To test the performance characteristics of the instrument e.g. reliability in
operation and its operational limitations.

1.2.4 To study its compatibility with other high price densitometers.
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CHAPTER II

LITERATURE REVIEW

2.1 Film Construction

The primary purpose of diagnostic radiologic apparatus and techniques is to
transfer information from an x-ray and gamma beam to the eye-brain complex of the
radiologist. Radiographic film is one medium for information transfer. Construction
and characteristics of radiographic film are similar to photographic film. The structure

is built up in layers upon the base which provides a support as shown in Figure 2.1.

supercoating ~

.....................................

adhesive — T

base ——». 150-250 pum
adhesive N i i
emulsion ——— i 5-25 um
supercoating — ?

Fig. 2.1 Cross-sectional view of radiographic film.

2.1.1 Film Base

Eihn base is a transparent sheet of plastic made of a synthetic polyester. This
polyester is normally tinted blue for less eyestrain. The function of the film base is to
provide a rigid structure onto which the emulsion can be coated. The base is flexible
and unbreakable to allow easy handling, but it is sufficiently rigid to be snapped into a
view box. The sensitive emulsion is coated on both sides of the base. Between the

emulsion and the base is a thin coating of adhesive layer to ensure uniform adhesion of
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the emulsion to the base. The sensitive emulsion is protected by a thin layer of gelatin
called supercoating or anti-abrasive layer to prevent mechanical damage. The
thickness of a sheet ranges from 200 to 300 um (about 0.25 nm). The diagram in

Figure 2.1 shows all these layers built up to form a complete radiographic film in cross

section.
2.1.2 Emulsion

Emulsion is the material in which x-ray or light photons from screens interact
and transfer information. The two most important ingredients of a radiographic
emulsion are homogeneous gelatin and silver halide mixture. Most x-ray film has
emulsion coated on both sides of the base. Emulsion thickness will vary with film type

but is usually no thicker than 0.5 mm.
Gelatin

Radiographic gelatin is mostly made from cattle bone. It has certain
characteristics as suspending and binding agent which keep the silver halide grains
well dispersed and prevent the clumping of grains. It is clear, light transmitted, and
sufficiently porous for the processing chemicals to penetrate to the crystals of silver
halide during processing without destroying its strength or performance. Gelatin is

available in reasonable large quantity and uniform quality.
Silver Halide

Silver halide is the light-sensitive photographic material in the emulsion. The
silver halide in radiographic film is about 90 to 99% silver bromide (AgBr) and about
1 to 10% silver iodide (Agl). The silver halide in a radiographic emulsion is in the

form of small crystals suspended in the gelatin. The crystal is formed from ions of
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silver (Ag"), ions of bromide (Br) and ions of iodine (T') arranged in a cubic lattice as

shown in Figure 2.2 (1, 2, 3).

Figure 2.2 The silver iodo-bromide crystal lattice.

The shape and lattice structure of silver halide crystal are not perfect because a
perfect crystal has almost no radiographic sensitivity. The imperfection results in the
imaging property of crystals. A point defect consists of a silver ion which has moved
out of its normal position in the crystal lattice. These interstitial silver ions may move
in the crystal as Figure 2.3. Chemical sensitization of a crystal is produced by adding a
sulfur éontaining compound to the emulsion which reacts with silver halide to form
silver sulfide (AgS). The silver sulfide is usually located on the surface of crystal. This
sensitizer has been given the name sensitivity speck which traps electrons to begin

formation of the latent image centers.
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Br- ‘ Br—Ag"

- -

+ ) &

e s
ol + -‘Agl +
Br—Ag—Br—Ag

Figure 2.3 A point defect.

2.2 Formation of Latent Image

The radiation incident on the radiographic film deposits energy in the emulsion
primarily by photoelectric interaction with the atoms of the silver halide crystal. This
energy is deposited in a pattern representative part of the anatomy being radiographed.
If the film is observed immediately after exposure, no image would be seen in which
called a latent image. With proper chemical processing the latent image becomes a
manifest image.

Figure 2.4 shows a schematic diagram of the deveiopment of a two atom latent
image according to the Gurney-Mott hypothesis (1). The energy absorbed from a light

photon ’gives an electron in the bromine ion enough energy to flee.
Br + light photon — Br + electron

A site of crystal imperfection such as an AgS sensitivity speck may act as an electron
trap. The captured and temporarily fixed electron gives the sensitivity speck a negative

charge and attracts the mobile interstitial Ag® ions in the crystal. Therefore, silver ion
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is neutralized at the speck by the electron to form a single silver atom (Ag). The
negative bromide ions that have lost electrons are converted into neutral bromine

atoms which leave the crystal and taken up by the gelatin of the emulsion.
Ag' + electron—> Ag

This single silver atom then acts as an electron trap for a secondary electron when
light photon energy absorbed in the crystal again. The negative charge causes a second
silver ion to migrate to the trap to form a two-atom silver nucleus. Growth of silver
atoms at the site of the original sensitivity speck continues by repeated trapping of
electrons and then neutralizing them with interstitial silver ions. Metallic silver is

black. It is silver which produces the dark areas seen on a developed radiograph.

SILVER HALIDE
CRYST;\L

{ Y———SENSITIVITY SPECK
LIGHT

LS CF N

PHOTON ~] N
ABSORPTION ‘ @
mTeasnTmL__@
SILVER ION
SILVER (ON ELECTRON
MIGRATION Y TRAPPING
of the 1
LATENT IMAGE
SN B,
® | ~
ELECTRON S SILVER 10N
TRAPPING @ |«—" MIGRATION
©NMR
PHOTON
ABSORPTION

Figure 2.4 Formation of the latent image.
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A single silver halide crystal may have one or many of these centers in which
atomic silver atoms are concentrated as the clump. These clumps of silver atoms are
termed “latent image centers” and are the sites at which the developing process will
cause visible amounts of metallic silver to be deposited.

Crystals with silver deposited at the sensitivity speck will be developed into
black grains that appear dark and negative film results. Crystals that have not been
irradiated will remain crystalline and inactive. It must be removed during fixation,
leaving a clear film but the fixing solution must remove silver halide without
damaging the image formed by metallic silver (1, 2).

Unexposed x-ray film that has been processed appears quite lucent. It easily
transmits light but not images. On the other hand, exposed x-ray film that has been
processed appears various shades of gray and heavily exposed film appears black. The
study of the relationship between the intensity of exposure of the film and the

blackness after processing is called sensitometry (2).

2.3 Optical Density

The degree of film blackening is directly related to the intensity of radiation
reaching film. The measurement of film blackness is a photographic density or optical
density; usually, only the word density is used. The optical density depend on the
exposure received by the film, which in turn depends on the intensity of the incident
beam and on the thickness and composition of the object being radiographed as Figure

25(1,4).
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Figure 2.5 The principle of the radiograph.

The instrument used to measure optical density is called a densitometer (4).
Optical density is expressed as a number. This number is actually a logarithm, using
the common base 10. Basing the definition on the logarithm of the ratio of incident
and transmitted intensities has three important advantages (5)

1. It represents accurately what the eye sees, since the physiological response
of the eye is also logarithmic to visible light.

2. A very wide range of ratios can be accommodated and the resulting number
for the optical density is small and manageable.

3. The total optical density of two films superimposed is simply the sum of

their individual optical densities.

1
e

Figure 2.6 Radiographic optical density.
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Table 2.1 Relationship of optical density of radiographic film to

light transmission through the film

100 1 0
50 12 03
32 8/25 0.5
25 1/4 0.6
12.5 1/8 0.9
10 1/10 1
5 1/20 13
32 4/125 1.5
25 1/30 1.6
1.25 1/80 1.9
1 1/100 2
0.5 1/200 23
0.32 2/625 25
0.125 1/800 29
0.1 : 1/1000 3
0.05 1/2000 33
0.032 1/3125 35
0.01 1/10,000 4

Optical density is defined by an equation:
OD = log (Io/1;) 2.1)
Where OD is optical density, Iy is light incident on a film and I, is light transmitted

through the film. Refer to Figure 2.6. If 10 arrows (photons) of light strike on one side
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of film and only 1 photon passed through the film, then I =10, ;= 1 and OD = 1 (1).
Lo/ 1; measures the opacity of the film (the ability of film to stop light). The reciprocal
of optical density I/ I, measures the fraction of light transmitted by the film and is
called transmittance (1). Normally, radiographic film contains optical densities
ranging from near 0 to 4. These optical densities correspond to clear and black,
respectively. Table 2.1 shows the range of light transmission corresponding to various

levels of radiographic optical density.
2.3.1 Base Plus Fog Substraction

Unexposed x-ray film allows no more than about 80% of incident light photons
to be transmitted. Most unexposed and processed radiographic film has a optical
dénsity in the range of 0.1 to 0.15, corresponding to 79% and 71% transmission,
respectively. These undesirable optical densities are due to base density and fog
density. The base density is the optical density inherent in the base of the film. It is
due to the composition of the base and the tint added to the base. Base density usually
has a value of approximately 0.05. Film fog results from inadvertent exposure of film
during storage, undesirable chemical contamination, improper processing and a
number of other influences such as heat and age. Fog density 'on a processed
radiograph should not exceed 0.05. Although fog is optical density, it is present prior
to normal exposure and is not considered the results of patient exposure. The
evaluation optical density produced by the exposure alone, base plus fog density must
be subtracted from the total density (2, 6).

ODpet = ODiota1 - (B+F) 2.2)
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2.3.2 Characteristic Curve

4.0 Shoulder
3.0
2
E Straight-line portion
2 20 N
3 =5
3 5 5
=
10| &g
2 A Base and Fog densities
— Toe /

03 06 09 12 15 18 21 24 27 3.0
LOG RELATIVE EXPOSURE

Figure 2.7 Charactéristic curve

The ;elationship between optical density and exposure is called a
characteristic curve or sometimes an H & D curve (named after F. Hurter and V.C.
Driffield who first published such a curve in England in 1890) (1, 2, 7). A typical
characteristic curve is shown in Figure 2.7. At low and high exposure levels, large
variatio;ls in exposure result in only a small change in optical density. These portions
of the characteristic curve are called the toe and shoulder, respectively. At
intermediate exposure levels, small changes in exposure result in large changes in

optical density. This region is called the straight-line portion, the area for proper
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exposure. The exposure values for a characteristic curve are presented in logarithm.

The log relative exposure is used as the scale along the x axis.

ALUMINUM STEP
WEDGE -~

PROCESS THE FiLM

S 7
Jany\Mr—

ANALYZE THE FiiM

RECORD AND PLOT DATA

Figure 2.8 Steps involved in construction of a characteristic curve.

Two apparatuses are needed to construct a characteristic curve, an aluminium
step wedge and a densitometer. The steps involved are outlined in Figure 2.8. First, the
film is exposed through the aluminum step wedge at standard technique. When
processed, the x-ray film will have areas of increasing optical density corresponding to
sections of step wedge with decreasing thickness. The processed film is analyzed in
the densitometer. The data are recorded and plotted result in a characteristic curve.
Figure 2.9 shows exposure in mR and log relative exposure along the same scale. The
log relative exposure scale is usually presented in increments of 0.3 because the log of
21is 0.3. An increase in log relative exposure of 0.3 results from doubling the exposure

2.
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Figure 2.9 Relationship among exposure, log relative exposure
and relative mAs for typical screen-film combination.

Relationship between percent transmission and density.

2.4 Basic Principle of Optical Density Measurement

Figure 2.10 shows the basic principle of optical density measurement. A light
source generates a small beam in which an impinge the exposed film, reflected,
transmitted and absorbed are occurred by the nature of interaction (6). These light
signal is detected by photodetector to convert the light signal into an electrical signal.
The signal amplifier is used to amplify the electrical signal and exhibit optical density

value to analog display.
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Figure 2.10 Basic principle of density measurement.

2.5 Basic System of Densitometer

Densitometer is the device that used to measure optical density of film. A
densitometer consisted of power supply, light source, photodetector, amplifier and
display. The power supply functions as an electrical supplier to other parts of the
instrument. A Light source generates primary beam through an aperture onto the
surface of exposed film. Undesirable external beam is restricted by a small hole
aperture. The light ﬁansmitted at the other side of film is measured by the
photodetector as light signal. The light is filtered with a yellow filter to compensate for
the blue tint in the film base (6). The light signal from photodetector is converted to an
electrical signal which gained up by DC amplifier with zero balancing circuit. The
measured signal is then calculated by using the logarithmic ratio of Iyl on the

operation of the logarithmic amplifier and displays the density number on digital
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meter. The densitometer must be daily calibrated and zeroed prior to the reading of

each film. Figure 2.11 shows block diagram of the basic transmission densitometer
(6).

DC. LOG
AMPLIFIER [ ™| AMPLIFIER [ DVM
Photodetector T l
ZERO DENSITY
BALANCE DISPLAY
Filter [V a /|
Film ==
Aperture [EEEER MENEE
Light source
LAMP DC. AC.LINE

POWER SUPPLY | POWER SUPPLY [

Figure 2.11 Block diagram of the basic transmission densitometer

2.6 Optoelectronics

The light is electromagnetic wave which has 3x10® meters/second velocity.
The wavelength of visible light is ranged between 400 nm (purple light) to 800 nm
(red light). The light operated electronic device is known as optoelectronics. It has an
applicable range of operation between ultraviolet and infrared regions of the
electromagnetic spectrum which is wider than the visible region. The electromagnetic
spectrum and the operatable spectrum for optoelectronics device is shown in Figure

2.12.
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An optoelectronics device can be considered to consist of two parts, a light

detector or sensor and a light source or emitter (8).

400 nm 800 nm
Visible light .
@mX-ray | Ultraviolet Infrared Radlo_.
Purple Red wave
l Optoelectronics

Figure 2.12 Spectrum of electromagnetic wave and operatable spectrum

for optoelectronics device.

2.6.1 Sensor
2.6.1.1 Light Dependent Resistor : LDR

LDR is a device which changes its resistance when illuminated. Their
configuration and symbol are shown in Figure 2.13. Normally, LDR has high
resistance about 2 MQ when it is dark. When illuminated, resistance may decrease to
minimum resistance of about 100 Q. One advantage of these device in some
applications is that they respond to different wavelengths of light in a manner similar
to the human eye. Unfortunately, the response is non-linear and very slow, taking a

hundred milliseconds to respond to a change in light intensity.

T

Figure 2.13 Configuration and symbol of LDR.



Budsapapat Natwong Literature Review / 18
2.6.1.2 Photovoltaic Cell or Solar Cell

The voltage is generated when it has incident light but with rather low power.
Under sunlight each cell generates voltage about 0.4 volt and current between 20-100
milliampere.

The relationship between voltage and light intensity changes in logarithmic
fashion while the relationship between current and light intensity is linear. The solar

cell is costly, it is suitable to the circuit only when battery or power supply are

undesirable.

2.6.1.3 Photodiode

Photodiode operates in the presence of incident light. The symbol of
photodiode is shown in Figure 2.14. Under operation the photodiodes must be
connected to reverse bias, by connecting anode to negative power supply and cathode
to positive power supply. With incident light the photodiode has flow current through
itself. However, there is a 10 pA leakage current when no incident light. With incident

light, the current increasingly flows to about 100 A,

N

Figure 2.14 The symbol of photodiode.
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The photodiode is a low power, high impedance device and the circuit
designed are more complex than LDR. The response to light is linear and the

sensitivity is higher than LDR since its response consume only 200 nanosecond.

2.6.1.4 Phototransistor

Figure 2.15 showed the basic circuit of phototransistor. Phototransistor is a
device which combines the photoconductive properties of the photodiode and the

current amplification of a transistor.

Phototransistor has a little more leakage current than photodiode. However, it
is more sensitive than LDR and less sensitive than photodiode when operate at the

frequency not more than 100 kHz.

base Qe

Figure 2.15 The basic circuit of phototransistor.

Comparisons of advantages and disadvantages of various types of sensors are

shown in Table 2.2
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Table 2.2 Comparisons of advantages and disadvantages for various sensors.

"LDR - No costly
- Obvious changing - Sensitive to temperature
while operate - Very slowly operate
- Easy connecting circuit | - Non-linearity
for application
Photovoltaic or Solar cell |- Linearity and logarithm
- costly
- can operate by no
- slowly operate
power supply
Photodiode - linearity - no obvious changing
- very quickly operate while operate
- small size - generate low output
- can wide apply signal level
Phototransistor - can directly connect to
- non-linearity
small load
- sensitive to temperature
- quickly operate

2.6.2 Emitter

2.6.2.1 LED (Light Emitting Diode)

LED is a semiconductor diode which produces light when a current passes
through it. The characteristics of these devices are similar to those of other

semiconductor diodes but with different operating voltages. LED must be connected to
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series of the resistors to limit current flow through it. The light output from an LED is
approximately proportional to the current passing through it; a typical small device

have an operating voltage between 2 to 5 volts and a maximum current of 30 mA.

2.6.2.2 Incandescent bulb

Incandescent bulb emits more bright light than LED. The emission is arisen
by a current flow through the filament. The glass cover of filament is a disperser of
light. In application, electronic circuit is connected as Figure 2.16. The transistor is

used to replace the switch, as a controller to on-off of bulb.

@ @

g |
L G141 _

¥ T ¥ T} tost

Figure 2.16 The bulb-controlled circuit using the transistor.

wy

2.6.2.3 Neon

" The configuration of neon is a gas bulb. It operates with current in the same
magnitude as LED and must be connected to series of resistors to limit current flow
through the bulb.

Furthermore, there are other devices that considered as an emitter and a

sensor. These devices are called optical coupling devices (9).
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2.6.3 Optical Coupling Devices

2.6.3.1 Photocoupler

Photocoupler is sometime called photoisolator. It is a small IC which combine
the light source and a sensor in a same package. The light source can be either a small
LED or photodiodes or infred LEDs and the sensor can be either photocell or
photodiode or phototransistor. Flows of current applied to the device are converted

into light which is then converted back into a corresponding electrical signal.

2.6.3.2 Photosensor or Photointerrupter

Photosensor is a device consists of a light sensor (phototransistor) and emitter
housed within a single package. It differs from photocoupler that light generated
externally by an emitter is detected by a sensor which is in the same unit. Two

physical arrangements are widely used a direct emission type and a reflection type.

A. Direct emission type

A direct emission type of photosensor is shown in Figure 2.17. The emitter
and sensor are arranged to face each other on either side of a slot in the device. In the
absence of any object within a slot, light from the source will reach the sensor and this
will produce a current in the output circuit. If the slot is obstructed, the light path will
be broken and the output current will be reduced.

The infrared LED is used as a light emitting source. Either the phototransistor

or the darlington phototransistor is used as sensor.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Radiological Science) / 23

Figure 2.17 The direct emission type of photosensor.

B. Reflecting type

A reflective device is sometime called a reflectional photointerrupter. It is a
device in which the light source and a sensor are mounted adjacent to each other on
one face of a unit. The presence of a reflective object close to this face will cause light
from the source to reach the sensor causing current to flow in the output circuit. The
infrared LED is used as light emitting source. Either the phototransistor or the

darlington phototransistor is used as sensor.
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CHAPTER III
MATERIALS AND METHODS

The design study and construction of the densitometer can be divided into two
major parts as follows:
1. Electrical part (Hardware)

2. Programmable part (Software)

3.1 Hardware

Hardware is included to the circuitry in different parts. A generalized system is
illustrated in schematic diagram as shown in Figure 3.1. The main function of each

individual parts are given as follows:

1. Light Source and Light Sensor
Light Source generates primary beam and the light sensor detects light signal

from the light source and changes light signal into electrical signal.

2. Inverting Amplifier
An amplifier which have the effect of producing a 180° phase shift between
the outbut and input signals. A negative output signal from light sensor is inverted to

positive.

3. Analog to Digital Converter

Electrical signal is changed into digital signal by analog to digital converter.
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4. Central Control Section
Central control section which is included to the microcontroller is an operating
control section of densitometer. The operational instructions of densitometer are stored

in EPROM.

5. Display
Optical density and different operational mode statuses are displayed on the
LCD.

6. Power Supply
An external circuit that have the primary function of supplying current to
different circuitry parts of densitometer. It has the LED bar indicator which is used to

indicate battery status.

The operation of different circuits can be depicted as follows:
3.1.1 Light Source

The current sink principle is used in this light source circuitry. Red LED is
used as light source for this experiment. The light source circuit constructed as shown

in Figure 3.2

The current flows through LED and R; should not exceed 56 mA. That can be
simply calculated (Ohm’s law).
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where V is voltage of TL062 pin 3 that obtained by the adjustment 10 kQ variable
resistance. Input voltage applied to pin 3 of TL062 must be defined, for instance, if 0.5

V input voltage is applied to pin 3, current flows through LED and R; as:

0.5V.
10Q

I = 0.05A = 50mA

In this an example, the current flows through R; of 50 mA is not exceed 56 mA. The

principle of current sink can see in Appendix A.

15V

Figure 3.2 Light source circuit configuration.

3.1.2 Light Sensor

Photodiode is used as light sensor in this experiment. The light sensor circuitry
constructed as shown in Figure 3.3. Pin 2 of OPA121 is connected to pin 5 of a probe

connector which is a cathode pin of the photodiode and pin 3 of OPA121 is connected
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to pin 9 of a probe connector which is an anode pin of photodiode. Output voltage at
pin 6 of OPAI121 achieves the negative voltage. OPA121 specification is shown in
Appendix E.

cathade ($) < 2
anode (9) < » 2

—4» inverting amp (2)

.,||.___

Figure 3.3 Light sensor circuit configuration.

3.1.3 Inverting Amplifier

The negative output voltage of OPA121 is inverted to positive by inverting

amplifier. The inverting amplifier circuit is shown in Figure 3.4.

in 6 of seasor < -
P 3 jLrst : £ CHO of ADC

.|“,‘
g

Figure 3.4 Inverting amplifier circuit configuration.

3.1.4 Analog to Digital Converter

Figure 3.5 shows LTC1298 IC connection. LTC1298 IC is a 2-channel, 12 bit

A/D converter. LTC1298 specification is shown in Appendix E.
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ADC-12 bit can be calculated as the follows:

1. Number of value or number of code can be exhibited as:

m = 2°
when n = bit number

m = 29

m = 4096

2. Number of maximum value or max code value can be exhibited as:

Bmax = 2n -1
B = 212 -1
Bmax = 4098

3. Resolution value or quantization is exhibited by code as:

Q = FS/m
Q = 5/4098
Q = 0.0012V,

4. Maximum voltage can be exhibited by code as:
Xou = FS-Q

Xou = 5V-00012

Xaqum

499 V.
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Figure 3.5 LTC1298 configuration.

3.1.5 Central Control Section

Central control section (CCS) is a controller of the densitometer system. The
circuit configuration is shown in Figure 3.6. The CCS circuit consists of three major

components:

3.1.5.1 Microcomputer 8031 : A controller to all operation system.

3.1.5.2 EPROM 27256 : All Instruction is stored in EPROM 27256 program

memory. The program instruction is to be discussed in the software part.

3.1.5.3 RS-232 : It is a serial port performing a serial communication to
different computer equipment such as computer, Telex or FAX, etc, Standard RS-232
is frequently used for decreasing incompatible problem between signals of the

equipment.

3.1.6 Display

The LCD 16 characters 2 lines with yellow back light is used to display an

optical density value and various operational statuses as tabulated in Table 3.1.
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POWER ON

LCD SHOWS
ENSITOMETER
»"'r‘:'«.::-..:« READY'

NO | CHECK
™ SYSTEm

S
40 inpormi®
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BRIV

LCD SHOWS
Optical Density
0.00

:

INSERT FILM
AND PRESS ARM

I

COMPARE
VOLTAGE WITH
STD.OD

Y
LCD SHOWS
Optical Density

SEND OD FROM
HARDWARE TO PC

L

LCD SHOWS
TRANSFERRING

LCD SHOWS
DATA
TRANSFERRED

Figure 3.8 Flow chart of program control operational system.
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Table 3.1 The LCD displays at various statuses.

Power ON DENSITOMETER
READY !
Measurement OPTICAL DENSITY
XXX
OD is sent from RAM to PC TRANSFERRING
OD from RAM sent to PC DATA TRANSFERRED

3.1.7 Power Supply

Power supply is a supplier of current to different circuits of densitometer. As
illustrated in Figure 3.7 the sequence of operations are as the follows: Transformer
decreases voltage from 220 VAC to 19 VAC. Bridge rectifier changes the alternating
current to direct current. Both Positive and negative currents is filtered for smoothing
by 1000 pF capacitors before they enmter LM7815 and LM7915 IC regulator,
respectively. LM7815 regulates voltage into +15 VDC. The LM7915 IC regulates
voltagebinto -15 VDC. The LM7805 IC regulates voltage into +5 VDC. There is a set
of 10 puF and 0.1 uF capacitors that filtrates the frequency of +5 VDC. The LM7905
IC regulates voltage into -5 VDC. Also there is a set of 10 uF and 0.1 uF capacitors

that filtrates the frequency of -5 VDC.
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3.2 Software

The operations of the densitometer and computer are carried out by executing

instructions which are written in assembly language and visual basic 6.0, respectively.
3.2.1 Assembly Language

Assembly language is used in programming the MCS-51 microcontroller unit
for controlling the operational system of densitometer. Flow chart of all operational

programming is illustrated as in Figure 3.8. All program can see in Appendix D.

When power is at ON position, LCD show “DENSITOMETER READY!”. If
LCD does not show, the system is to be checked by user. When the display message
indicates that the densitometer is ready for operation. The arm is pressed to the
measured position and the LCD will show “Optical Density 0.00”. When the film strip
is inserted and arm is pressed, the output voltage from inverting amplifier is compared
to standard optical density and then the LCD shows “OPTICAL DENSITY X.XX”.
When the SEND switch is activated, optical density is sent to computer for exhibiting
a graph. In the moment that hardware is transferring data from densitometer to
computer via ‘sen'a;l port, LCD shows “TRANSFERRING”. When the data is sent to
the computer, LCD will show “DATA TRANSFERRED”. If the switch is not

activated, it will return to the measured position again or to the end of measurement.

3.2.2 Visual Basic 6.0

Visual basic 6.0 is used in programming for designing user-interface and

interfacing between densitometer and computer via serial port.
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The programming of communication via serial port by Visual Basic constituted

details as follows (12, 13):

1. It must have MSComm Control that exists when Visual Basic is installed.

2. Custom Control MSComm.OCX (for the Visual Basic 4 up) is defined by
selecting MSComm.OCX from the menu Project —» Components — at Control, select
the Microsoft Comm Control 6.0 (when the writer use Visual Basic 6) will appear the
Control MSComm (shown as the telephone picture) in the toolbox section.

3. Control MSComm is to be put in Form as desired.

4. Properties to Control are defined and then write the functions which are

related to MSComm.

MSComm Control is used for communication both receiving and sending the

data to the serial port. There are two communications as follows:

1. Event-driven communications or interrupt-driven communications. When

the data are entered, will appear the CommEvent to the OnComm Events.

2. Polling communications with loop for checking the data from serial port at
all time.

MSComm Control included Events and Properties as follows.

1. MSComm Control Events
MSComm Control will have only one event as the OnComm Events that

includes the CommEvent property as follows.

- When the communications are failed, will display in the CommEvent

property as tabulated in Table 3.2.
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- When the status of communications are arisen, will display in the

CommEvent property as tabulated in Table 3.3.

The above CommEvent will arise with the status of communication defined.

Table 3.2 CommEvent property when the communication failed.

ComEventBreak

ComEventCDTO
ComEventCTSTO
ComEventDSRTO
ComEventFrame

ComEventOverrun
ComEventRxOver
ComEventRxParity

ComEventTxFull

ComEventDCB

Break signal is received.

Time out while waiting the CD signal (Carrier Detect).
Time out while waiting the CTS signal (Clear To Send).
Time out while waiting the DSR signal (Data Set Ready).
Frame error that is not find end bit.

Overrun error that is receiving the data not overtake in
processing.

Overflow of buffer for receiving the data or receive the
character after receiving the EOF Char.

Parity error that is incorrect parity bit of the character
received.

Buffer sends the data is full.

Unexpectable appears error.
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Table 3.3 CommEvent property when the communication arisen.

ComEvCD CD (Carrier Detect) changes status that is Receive Line
Signal Detect (RLSD).

ComEvCTS CTS (Clear To Send) changes status.

ComEvVDSR DSR (Data Set Ready) changes status.

ComEvFlag Flag indicator signal is detected.

ComEvReceive Receiving the data keep to InputBuffer.

ComEvSend Sending the data out from OutputBuffer.

ComEvEof EOF character is found.

2. MSComm Control Property

MSComm Control Property is tabulated in Table 3.4.

Table 3.4 MSComm Control property.

Break Defining or clearing break signal.

CDquding Checking the Carrier Detect (CD) signal that whether
have remain the status.

CDTimeout Defining the value or making time value (millisecond)

that wait the Carrier Detect (CD) signal.

CommEvent Making the result of appearing Event of communication.
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CommPort

CTSHolding
CTSTimeout
DSRHolding
DSRTimeout

DTREnable

Handshaking
InBufferCount

InBufferSize

Input
InputLen

Interval

NullDiscard

OutBufferCount

OutBufferSize

Defining or making the result of comport number opened.
Checking the Clear To Send (CTS) signal that whether
have remain the status.

Defining the value or making time value (millisecond)
that wait the Clear To Send (CTS) signal.

Checking the Data Set Ready (DSR) signal that whether
have remain the status.

Defining the value or making time value (millisecond)
that wait the Data Set Ready (DSR) signal.

Enabling the Data Termiﬁal Ready (DTR) signal.
Defining the handshaking by hardware for monitor the
sending and receiving data.

Making the result of data number is in receiving data
buffer.

Defining or making the result of receiving data buffer size
Making the result or removing the data from receiving
data buffer.

Defining or making the result of data number that will
bring from receiving data buffer.

Defining the speed rate for using in polling mode.
Defining to receive Null Character is kept in receiving
data buffer.

Number of data are waiting in sending data buffer.

Defining or making the result of sending data buffer.




Budsapapat Natwong

Materials and Methods / 40

Output
ParityReplace

PortOpen

Rthreshold

RTSEnable

Settings

Sthreshold

Sending the data to sending data buffer for out the data.

If data error appeared, define to send this character
replace.

Defining or making the result of port status that opened or
closed.

Defining or making the result of data number is kept in
receiving data buffer before the CommEvent arises in
receiving the data.

Enabling the Request To Send (RTS) signal.

Defining the baud rate, parity, data and stop bit.

Defining or making the result of data number is kept in
sending data buffer before the CommEvent arise in

sending the data.

There are important contents as the following.

1. General is included:

ComPort

Setting

Defining the port number for communication to RS-232 such

as Coml, Com?2, etc.

Defining the baud rate, parity, data number and stop bit such

as 9600, n, 8, 1

HandShaking It defined four type:

1. ComNone
2. ComXonXoff

3. ComRTS




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Radiological Science) / 41
4. ComRTSXonXoff

2. Buffer is included:

InBufferSize It is used for defining the buffer for receiving the data.

OutBufferSize It is used for defining the buffer for sending the data.

Rthreshold It is used for defining to arise Event-driven for receiving data.

Sthreshold It is used for defining arise the Event-driven for sending data.

Inputlen It is used for defining the data number are read from receiving
data buffer.

EOFEnable End Of File (EOF).

3. Hardware

ParityReplace It for defining the character that will replace when parity error
is arisen.

NullDiscard It for defining that whether receive the null character.

RTSEnable It for enabling the Request To Send (RTS) signal.

DTREnable It for enabling the Data Terminal Ready (DTR) siganl.

There are other properties that must be defined in the operation of MSComm
Control.

1. ComPort is defined by using the CommPort Property such as
MSComm1.CommPort = 1 when Com]1 is used.

2. Settings are defined by using Setting Property such as MSComm1.Settings
=%“9600, N, 8, 1” when 9600 baud rate, no parity, 8 data and 1 stop bit are used.

3. InputLen is defined by using the InputLen Property such as

MSComm1.InputLen = 0 is reading all the data in buffer when Input Property is used.
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4. PortOpen is defined by using the PortOpen Property such as
MSComm1.PortOpen = True is opening port.

5. Rthreshold is defined by using Rthreshold Property when the Event-driven
is desired such as MSComm1.Rthreshold = 1 for all arising the Event-driven when

there is data in receiving data buffer.

When the procedure is programmed, will appear user-interface for
communication control. These can be illustrated by flow chart in Figure 3.9 as

follows:

When communication control user-interface is opened, ComPort can be set
with computer port operated. ComPort opened that can wait data from densitometer
hardware. Data received from densitometer that is displayed on text box and then
shows graph. Furthermore, data can be saved in hard disk. User-interface

configuration can see in Appendix C.
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SETUP PORT COMX
PROPERTIES

ON PORT COMX AND |
WAITING FOR
INCOMING DATA

GET DATA FROM
DENSITOMETER
HARDWARE

DATA FORMATTING

DISPLAY DATA ON
TEXT BOX

DISPLAY GRAPH

SAVE DATA TO FILE

Figure 3.9 Flow chart of communication control.
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CHAPTER 1V

RESULTS

All results of the experiments were shown in Tables 4.1 to 4.6 and Figures 4.1

t04.2.

4.1 Output Voltage from Sensor Section.

Table 4.1 shows the output voltage obtained from output terminal (pin 6) of

sensor section. They are all negative signals.

Table 4.1 Output voltage obtained from sensor section.

1 -3.686
2 -2.352
3 -1.548
4 -1.049
5 -0.742
6 -0.523
7 -0.375
8 -0.255
9 -0.182
10 -0.128
11 -0.091
12 -0.065
13 -0.046
14 -0.033
15 -0.023
16 -0.016
17 -0.012
18 -0.008
19 -0.005
20 -0.003
21 -0.002
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4.2 Output Voltage from Inverting Amplifier.

Table 4.2 shows the output voltage obtained from output terminal (pin 6) of
inverting amplifier. Signals from sensor section output are inverted into positive
signal.

Table 4.2 Output voltage obtained from inverting amplifier.

1 3.686
2 2.352
3 1.548
4 1.049
5 0.742
6 0.523
7 0.375
8 0.255
9 0.182
10 0.128
11 0.091
12 0.065
13 0.046
14 0.033
15 0.023
16 0.016
17 0.012
18 0.008
19 0.005
20 0.003
21 0.002
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4.3 Comparison of Output Voltage using Multimeter and ADC-12
Bit.
Tables 4.3 and 4.4 show output voltage obtained from using Fluke multimeter

and ADC-12 bit, respectively. It is considered that output voltages from Fluke

multimeter can demonstrated more number of levels of step film than the ADC-12 bit.

Table 4.3 Output voltage measured by Fluke multimeter.

1 3.686
2 2.352
3 1.548
4 1.049
5 0.742
6 0.523
7 0.375
8 0.255
9 0.182
10 0.128
11 0.091
12 0.065
13 0.046
14 0.033
15 0.023
16 0.016
17 0.012
18 0.008
19 0.005
20 0.003
21 0.002
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Table 4.4 Output signal obtained from ADC-12 bit.

2 * &* * L * %* % %
3 % * * %
4 % * * * *
5 % % % %
6 * * * * % * *
7 * * % %
8 % * %* * %* * *
9 % % » %
10 * % * *
1 1 % L * L3
12 * *
1 3 %* & % *
14 * # LRI
15 * *
16 * *

* represents bright LED.

As shown in Tables 4.3 and 4.4, the Fluke multimeter could verify 21 different
readings while only 16 steps of densities could be read from the ADC-12 bit. This can
be explained by the limited capability of the ADC-12 bit in measuring high intensity

areas of the step film.
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4.4 Optical Density and Step Number Relationship.

Graph plotted between optical densities and step numbers of standard film
measured by Victoreen densitometer was shown in Figure 4.1. A linear relationship
between optical density and step number was observed. Victoreen could cover a wide

range up to 21 steps of densities with OD values ranges from 0.05 to 3.04.

35 +

0 7 ¥ T T f

0 5 10 15 20 25
step no.

Figure 4.1 Relationship between optical density measured by Victoreen

densitometer and step number of standard film.
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4.5 Accuracy of densitometer

Table 4.5 Optical Density obtained from Victoreen and densitometer constructed.

2 0.22 0.22 0
3 0.36 0.36 0
4 0.52 0.52 0
5 0.66 0.66 0
6 0.81 0.81 0
7 0.95 095 0
8 1.11 1.11 0
9 1.26 1.26 , 0
10 1.41 ' 1.41 0
11 1.56 1.56 0
12 1.71 1.71 0
13 1.86 1.86 0
14 2.01 2.01 0
15 2.14 2.31 7.94

Mean difference = 053 %
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Test of accuracy was carried out by comparing, for each step of film
blackening, the percentage difference between optical density measured by Victoreen
densitometer and our presented densitometer as shown in Table 4.5. It was found that
the OD readings from both densitometers were exactly of the same values until after
step 14, a percentage difference of 7.94 was observed. This could be concluded that

the performance of our designed densitometer is likely to be well accepted with an

accuracy of less than +10%.
25 -
2 -
1.5
)
S
1 -
05 -
0 T T T ]
0 5 10 15 20
Step no.

Figure 4.2 Relationship between optical density measured by our

presented densitometer and step number of standard film.

After the output voltage was converted into optical density by the
microcontroller. As shown in Figure 4.2, although a linear relationship between optical
density measured by our densitometer and step number was also observed, the

linearity was found to limit at step 14.
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4.6 Test of Precision

Repeatability of optical density measurement at different levels of step film
blackening was tabulated in Table 4.6. The optical density were made 10 times at each
step under the same conditions. The %CV was found to range from 0 to 6.09 %. As
shown in the table, after step 12 the measured optical densities were not reproducible
with the %CV varied between 3.33 to 6.09 or an average of 1%. After step 15 the

instrument was unable to verify the differences in densities with OD values above

2.31.
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CHAPTER V

CONCLUSION AND DISCUSSION

5.1 Conclusion

When different steps film were measured by Fluke multimeter, 21 steps of film
density can be detected while the ADC-12 bit can detected only 16 steps of film
density. The performance of our presented densitometer was tested for an accuracy
and precision of measurements. Differences in the measurement of optical density
between Victoreen densitometer and our presented densitometer was not found until
after step 14. The overall %CV of 0.53 is very well accepted. An acceptable range was
found to lies between step 1 to 14. It is observed that after step 14, with increasing
densities, our densitometer can not discriminate differences in optical density while
the Victoreen densitometer can verify the film density up to step 21. This could be
explained by the operational limitation of the ADC-12 bit. Coefficient of variation in
the measurement of precision was found to range from 0 to 6.09 % which is likely to
be accepted with the mean %CV of less than +5%. Optical density can be measured in
range from 0.05-2.31. Since the most useful range of density in diagnostic radiology is
0.25 to 2, it can be concluded that our design densitometer could provide satisfactory

information required in the region of correct exposure.
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5.2 Discussion

Problems Found in Experiments

1.

The aperture of light source and sensor alignment was difficult to set up.
This decreases the initial light beam intensity to the sensor.

A mechanical adjustment of the distance between light source and sensor is
difficult to keep constant. Under this condition output voltage obtained in
each measurement is not reproducible.

Light source position and sensor is not close enough to gain a wide range
of differences in optical density, and the number of levels which could be
measured is uncertained (i.e. less than 21).

Microcontroller MCS-51 used in an operational control is unable to
calculate logarithm.

Light source and sensor specifications are not found.

The software which have been written to convert the output voltage into
OD by relating to the known value of OD. Without reference OD values in
the program memory, the output voltage can not search for its
corresponding OD. In this situation result can not be shown.

The ADC 12 bit has limited ability to discriminate voltage differences in .

the high density area of the film strip.

Suggestion

L.

The light source and sensor circuit should be modified to improve filtration

signal from both analog and digital sections.
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2.

The distance between light source and sensor should be improved to make
the working condition fixed at anytime when the amm is pressed to the
measured position.

The distance between light source and sensor should be adjusted nearer to
each other as much as possible.

The aperture of light source and sensor should be improved to maximum
alignment.

The dimensions of the densitometer should be adjusted to a smaller size to
suit as portable densitometer.

Further research needs to be conducted using microcontroller with high-
performance. A 16-bit ADC may be used to improve the efficiency in

calculation and control of the operational system.
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APPENDIX A

EXPERIMENT

To improve the performance of densitometer, different steps of the
experiments and an alteration of external circuitry and devices are to be discussed. By
simply changing their components and studying their physical attributes, in response
to variations in the light intensity, until suitable combination circuitry are achieved.

The experiments can be arranged in order as follows:

1. Current Sinks and Voltage Divider

+10v +10V +
Super LED §
4-10;/ 10k
>
sk ?_____3 S
> 2 JLF38
2N2222 N
i ™ LDR
Vo
200 J—
- 3

l]l
l

(a) ®)

Figure A.1 The circuits constructed for operating of light source and sensor
(a) Current sinks for light source section.

(b) Voltage divider for sensor section.

Figure A.1 shows the circuits which are designed and constructed for operating

of light source and sensor sections that can be illustrated as the followings:
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1.1 Current Sink
Two current sink circuits are illustrated in Figure A.2(a) and b. These are

similar to the current sources in Figure A.3(b) and A .4(b) except that an npn bipolar

transistor and an n-channel MOSFET are now used. The operation and the design

approach for each circuit is similar to those for the current source circuits.

(a) Current sink using a (b) Current sink using a

bipolar transistor power MOSFET

Figure A.2 A current sink circuit (a) using a bipolar transistor to maintain a
constant sink current by holding the emitter current at Vi/ R;.
(b) Using a MOSFET (or a FET) to give a sink current precisely
equal to the current through R;.

1.2 Current Sources

A current source is a circuit that supplies a constant current in the conventional
direction from positive to negative. Thus, current flows out from the positive terminal
of a current source. A current sink also has a constant current level, but the current

direction is into the ungrounded terminal of current sink.
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A current source circuit in which the load resistor is floating (i.e., not
grounded) is shown in Figure A.3(a). The circuit functions like a non-inverting
amplifier with V; appearing across R;, so the load current is always I, = V/R;. This is
independent of load resistance variations as long as the total voltage drop across R;
and Ry, does not exceed the output voltage range of the op-amp, and as long as the
transistor has sufficient collector-emitter voltage to keep it operational. If the
maximum load current is less than 25 mA, the transistor may not be required. Voltage

Vi can be derived from a potential divider or from a zener diode.

+Vec t b
+Voe
Ry
AT |
-4
w’rle R

+Veo
Ry = B
- A Q

{+Vee

-2
4 N € Ve om
i n-lg-ipy
(a) Constant current circuit (b) Constant current source
for a floating load for grounded load

Figure A.3 A constant current source (a) with a floating load it behaves like
a non-inverting amplifier circuit to keep I, = Vi/R;. (b) For a
grounded load, a pnp transistor is used and again Vi/R; keeps the

load current constant.
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In Figure A.3(b), V is the voltage between +Vcc and the op-amp non-inverting
input terminal. The pnp transistor emitter terminal is connected to the op-amp
inverting input, so that the circuit behaves as a voltage follower with V;, once again,
appearing across resistor R;. The constant input voltage maintains a constant current
through R;, and thus maintains the transistor emitter and collector currents constant.
Note that the voltage drop across Ry puts the transistor collector voltage above ground
level. Allowing a minimum collector-emitter voltage of 3 V, the transistor emitter

must be at least (I.R;+3 V) above ground level.

. i — +Voe
v, t+vee + v
R } %,
'S 56 S
Vi -9 Vi=56V ils -3
Voo &ls L +av R
LM {
- b + Ql
-izv
30 pF IL-Is
=160 mA

_—
=

(a) Use of a FET gives an output (b) A power MOSFET can be employed

current equal to Is for high output current levels

Figure A.4 The use of a FET or a MOSFET in a constant current circuit
produces an output current which precisely equals to the current

through resistor R;.

The load current is the transistor collector current in the circuit of Figure A.3
(b). This is slightly different from I, because of the transistor base current. Substituting
a p-channel FET in place of the bipolar transistor, as shown in Figure A.4(a), improves

the circuit performance. Because the FET drain and source currents are equal, the load
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current is more precisely equal to the current through R;. Figure A.4(b) shows the use

of a power MOSFET for high load current situations (14).

1.3 Voltage Divider

The essential circuit of a voltage divider, also called a potential divider is
shown in Figure A.5.

+Vin

Réop
Rbotiom
Vo
= -‘Jf-"

Figure A.5 Potential divider circuit

In principle, two resistors Rigp and Ryottom are connected in series with Vip,
which is often the power supply voltage. The Vi, is connected above Ryep. The output

voltage Vg is the voltage across Rygom and is given by:

Vout = [Roottom/(Ruottom*Riop)] X Vin

It may help to remember that Rypgyom appear on the top line of the formula because

Vout s measured across Rygiom.

In Figure A.5, if one of the resistors in the voltage divider is replaced by an
LDR that LDR is used as Rpouom, and the circuit becomes Figure A.6 as the

following :
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+Vin
Rtop
N
A" Vout
LDR | 5w
the lght
= =

Figure A.6 Voltage divider circuit which LDR is used as Rpottom-

In other word, this circuit gives a LOW voltage when the LDR is in the light
and a HIGH voltage when the LDR is in the shade. The voltage divider circuit gives
an output voltage which changes with illumination. Figure A.7 shows the voltage

divider built with the LDR in place of Reop:

+Vin
)
h LBPR
Voul
Rhottom HIGH in
tho light
= =

Figure A.7 Voltage divider circuit which LDR is used as Riop -

The action of the this circuit is reversed. That is, Vg becomes HIGH when the
LDR is in the light, LOW when the LDR is in the shade. In fact, the voltage dividers

are most sensitive when the Rpottom and Ryqp have equal values (15):-

44814
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Results

1. Output voltage across LDR is 0.24 V when there is no test film between

light source and sensor.

2. Output voltage across LDR is 4.4 V when film is between light source and

SEnsor.

3. When different step films are measured, the output voltage across LDR

slightly change and have different noise signals.

1.4 Analog to Digital Converter Stand Alone

+5
v $
ik

u Vin(-) 1shDEO +~—W——-—
. . % L o | R A A
% Vi) 2 D e A A A ———
o] e A Amsa— I T 1 T
" A e
AGND DBS '—u-——--w—--ﬂ
e e | A A —— l
9 ey § ouhDE?
= = INIR bl
10k »
A\ i) CLER G p
P 8D P
CLEIN WR D~
sar==z K 3y
Een 1k 4.7 L_L L 3
2} 7408
100F 7
Ik o .
4
=

Figure A.8 ADC-0804 stand alone configuration.

Figure A.8 shows the ADC-0804 stand alone which is designed and
constructed in consideration to the change of signal from output voltage across sensor
devices. Stand alone mean that this circuit can operate by itself and not require the

microcontroller. If the total bits of ADC are changed and stable, output voltage signal
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can be taken to operate. The eight LEDs indicate the variation of bits. The bright LED
exhibit variational bits.

ADC-0804 is IC for conversion the analog signal into digital signal. Details are

as the follows:

1. It converts signal by Successive approximation method.

)

The output signal is 8 bit.

3. The conversion time is 100 ps.

4. There is a circuit for generating clock in chip.

5. The operation can be defined by microprocessors or operate in stand alone.
6. The maximum input voltage is 5 V.

7. The output is logic 3 states.

L -

Figure A.9 Current sinks for the light source section and wheatstone bridge for

the sensor section.
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2. Light Source Section Using Current Sinks and Wheatstone Bridge

Circuit in the Sensor Section

Figure A.9 shows the circuits which are designed and constructed for operating
of light source and sensor sections. The principle of wheatstone bridge circuit is shown

in Figure A.10.

2.1 Wheatstone Bridge

Wheatstone bridge is the bridge circuit used for determining the resistance
value. The circuit is included four arms of resistors connected which is used to
measure the intermediate value of resistance (1-100 kQ). The determination can make
by comparing the resistance value needed to know to the known resistance value (16).
Ry, Rz, R3 and Ry connection is shown in Figure A.10. Rx is unknown value and Rj is

a variable resistor. R; and R, are known resistor and constant value.’

Figure A.10 Basic wheatstone bridge circuit.

When standard resistance R; is adjusted until scale of a galvanometer reads

zero which is a moment when there is no current flow through the galvanometer. This
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occurs when the bridge is balanced. At balance there is no current from A to B;
therefore A and B are at the same potential.
When the bridge is balanced, the voltage across R; and R« are equal and

voltage across R, and R; are also equal (17), so

Vi = Vg (A-1)
and V, = V; (A-2)
but V; = LR, (A-3)

V, = LR, (A4)

V; = LR; (A-5)

Vi = LR« (A-6)

Substitute V; and Vi from equation (A-3) and (A-6) in equation (A-1), so
LRy = LRy . (A-7)
Substitute V, and V3 from equation (A-4) and (A-5) in equation (A-2), so
LiR; = LRs (A-8)
Dividing the equation (A-8) by equation (A-7) and solving,

R _ R or R _R or p _RiR (A-9)

R2 -IT; Rx R3 R2

In the circuit of Figure A.9, to obtain the suitable change of step film, the

resistance value of R;and R is varied by using a 2 kQ variable resistor (Rgimpot) and

Rvolume Of 10 kQ iS used as R4.
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Result

Table A.1 Change of step film with resistance value

R, and R, (kQ) R jome (K2 Step Film

0.99 10 1-14

1 10 6-19

1.2 10 1-12

2 10 1-12

33 10 1-12

39 10 1-12

0.91 10 1-12

0.10 10 1-12

0.50 10 1-12

When supply voltage is 9 volts, R; and R; are 0.99 kQ, Ryoume is 10 kQ,

changes of step film is between 1-14 steps.

3. Light Source and Sensor Section Using Optointerrupt with Voltage

Divider Circuit

The optointerrupt is used in this experiment. It consists of a QT941 light source
and a H21A1 light sensor. They are separated by a slot with a minimum distance
between the source and the sensor. The configuration of optointerrupt is shown in

Figure A.11.

N

Figure A.11 Configuration of optointerrupt.
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+ +5Y

Rl H21A1

QTs4t f; R2
Vo
= _— —l‘—

Light source Sensor

Figure A.12 The circuit of light source and sensor section using the

optointerrupt. with voltage divider.

Given+V=5V_,R;=R;=1k Q in Figure A.12. It is observed that the output
voltage measured by oscilloscope can not be recorded due to high frequency noise
generated from the circuit. This problem is solved by using first-order low-pass active

filter as shown in Figure A.13.

Vi—-wT__—
p———Q Vo
ct

Figure A.13 First-order low-pass active filter.

When the first-order low-pass active filter circuit was connected to output
voltage of sensor section as shown in Figure A.14, there is no change in the output
voltage. Thus, the first-order low-pass active filter is replaced by the voltage follower

circuit as shown in Figure A.15.
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o
+
4

Rl H21A1

2‘ p——© Vo

Qrse1 W R2

=t
c——
—

Figure A.14 A first-order low-pass active filter circuit connected to

the output voltage of the optointerrupt voltage divider.

_

| I
Figure A.15 A voltage follower circuit.

3.1 A Voltage Follower Circuit

The IC operational amplifier lends itself to wide variety of applications. The
very simplest of these is the voltage follower circuit illustrated in Figure A.15. The
inverting input terminal is connected directly to the output terminal and the signal is
applied'to the non-inverting input terminal. The output voltage now faithfully follows
the input, giving the circuit a gain of 1. The impedance of this circuit is that it has a
very high input impedance and a very low output impedance. If the input voltage (at
terminal 3) was +1 V, or —1 V, or almost any other level, the output voltage would be

virtually the same as the input (14).
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R1 H1A1

2 [LF35 ———o Vo

Qe *s R2 4

A"

=

-

Figure A.16 A voltage follower circuit connected to an output voltage of

sensor section.

Result

When the voltage follower circuit was connected to an output voltage of sensor

section, a gain of unity can not be obtained which is disagreed with the theory.

4. Change the Light Source of the Optointerrupt from QT941 to MLLED930 but

with the same H21A1 Sensor

The circuit used in this experiment is similar to those shown in Figure A.12,
but changing the light source from QT941 to MLLED930 with the same H21A1 sensor.

The configuration of MLLED930 is shown in Figure A.17.

Figure A.17 Configuration of MLED930.
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Rl H21A1
¥

MLED930 R2

Yo

|

.g,}

Figure A.18 The circuit of light source and sensor section with a

voltage divider using the MLED930 and H21A1.
Result

The output voltage obtained from Figure A.17 is shown in Table A.2. Given

R1=R2=lkg.

Table A.2 Output voltage at various step film.

Step Film Vo (mV)
1 960
2 960
3 960
4 940
5 880
6 820
7 700
8 560
9 | 380
10 200
11 80
12 40
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S. Light Source Using MLED930 and SLD-0509CP Sensor

The circuit used in this experiment is similar to those shown in Figure A.18,
but substitute the sensor from H21A1 to SLD-0509CP and retain the MLED930 light'
source. The configuration of SLD-0509CP is shown in Figure A.19 and the circuitry in

Figure A.20.

Figure A.19 Configuration of SLD-0509CP.

13
<

Rl

NS

f-{ SLD-9509CP
!§ .332 Vo
i Ll

Figure A.20 The circuit of light source and sensor section with a

voltage divider using the MLED930 and SLD-0509CP.

Result
At different step film densities, a change in output voltage could not be
observed from the test circuit constructed as in Figure A.20. It is concluded that the

MLED930 light source and SLD-0509CP sensor can not be used in the circuit.
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6. Light Source Using Incandescent Lamp and LDR Sensor

The circuit used in this experiment is similar to those shown in Figure A.20,

but changing the light source and the semsor to incandescent lamp and LDR,
respectively.

421 .3V 5.2V

LDR

Vo
= — -J=-_

Figure A.21 The circuit of light source and sensor section using incandescent

lamp and LDR with a voltage divider .

The circuit in Figure A.21 is tested by- using soft wires for signal connecting.
The output voltage are measured for six times. The results are shown in the Tables A.3

and A.4 along with the graph plotted between V, and step. Results in Table A.3 were

measured from a test film and in Table A.4 from a standard film.

In Table A.5 results are obtained from the same circuit but using hard wired for

signal connection instead of soft wires.
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When incandescent lamp is used as light source, rising in temperature can be
detected. Consequently, the output voltages of each measurement are not equal.
Furthermore, type of wire also affect the output voltage. Soft wires caused more
unstable output voltage than hard wires.

7. Light Source Using Incandescent Lamp and LDR Sensor with

Wheatstone Bridge Circuit in the Sensor Section

+215V

—Q) 1

Figure A.22 The circuit of light source and sensor section using incandescent

lamp and LDR with wheatstone bridge circuit.

The output sigha]s from wheatstone bridge circuit are measured by analog to
digital converter stand alone. Tables A.6-A.10 contain values of output signals
obtained from changing the bits of analog to digital converter along with graph plotted

between bit and step of film. The output signals are measured for five times (M,-M:s)

for determining the precision of measurements.
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8. Amplification of the Output Signal by Instrumentation Amplifier

This experiment is similar to section 7, but with some modification by
connecting the voltage follower circuit to output terminal of the wheatstone bridge
circuit for the purpose of signal filtration. Furthermore, the instrumentation amplifier
circuit is connected to output of the voltage follower circuit to amplify the output
voltage as shown in Figure A.23. The principle of instrumentation amplifier can be

illustrated as follows:

8.1 Instrumentation Amplifier Circuit

The instrumentation amplifier circuit shown in Figure A.24 is a combination of
the differential input/output amplifier (stage 1) and the difference amplifier (stage 2).
The difference amplifier uses the differential output voltages from the differential
input/output amplifier to drive a grounded load. For instrumentation purposes, most
loads have one grounded terminal, otherwise ground loops and static electricity could
cause problems. So, the ability to drive a grounded load is necessary. The differential
input/output stage offers a very high input resistance at each input terminal. The

voltage gain of the complete circuit is,
Ay = Ay xAyp

Where Avl is the voltage gain of stage 1 and Ay; is the stage 2 gain.

2R+ Ry % Rs
Ry R4

Av =

The overall voltage gain can be controlled by adjustment of R,. The common

mode signal attenuation for the instrumentation amplifier is that provided by the
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difference amplifier. This can be maximized by making resistor Ry adjustable. The dc

output voltage level can be controlled if Ry is connected to an adjustable bias voltage

instead of being directly grounded.

Stage 2 -

v, R z/,?’ Voltage gain
1 adjust

A'A‘A‘A'
1.
D
A, 37 Common mode -
7 nulling
v dc offset
8, adjust

Figure A.24 Instrumentation amplifier consisting of a differential input/output,

amplifier input stage and a difference amplifier output stage.

8.2 Infegrated Circuit Instrumentation Amplifier

Instrumentation amplifiers are available in a single integrated circuit package.
Figure A.25 shows the simplified circuit of the LH0036 IC instrumentation amplifier.
In this c'ircuit, difference amplifier resistors R3, R4, Rs, and R are of equal value; so

that the voltage gain of that stage is 1. The overall voltage gain for the circuit is set by

the externally connected resistor Rg.
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With R; =Rj; = 25 kQ, the equation for Rg becomes,

50 kQ
Av"l

Rg -

If Rg is left as infinity, the voltage gain is 1, while Rg = 50 Q give a voltage
gain of approximately 1000. Resistor Ry is trimmed by the manufacturer to yield a

common mode rejection ratio greater than 80 dB. R is also terminated at pin 9, which

is usually grounded. Instead of grounding pin 9, it can be connected to a bias voltage
source for dc output voltage level control. The LH0036 has an input impedance of 300
MQ, a voltage gain adjustable from 1 to 1000, and it can operate with supply voltages

ranging from 1 V to £18 V (14).

Figure A.25 Simplified circuit of a LH0036 IC instrumentation amplifier.

The voltage gain is programmed by selection of resistor Rg.

Result
The ability of step film measurement reduced when the voltage follower is

connected to output of the wheatstone bridge, but the output signals are smooth.
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9. Amplification of the Output Signals by Non-Inverting Amplifier

+10V +22.7mV
L
ik 10k
3 :
N
.
LDR
Super LED !:

Figure A.26 The circuit of light source and sensor section using

the super LED light source and LDR sensor.

The light source and sensor circuit was connected as in Figure A.26. A variable
voltage between 7.36 to 32.1 mV was obtained simply by connecting a constant
voltage across a 10 kQ variable resistance voltage divider. The output voltage
measured at different step of film densities were tabulated in Tables A.11-A.14 along

with a characteristic curve plotted between step film and output voltage.

+1ov +22.7mV Non-Inverting Amplifier
+5V
P,
3
lk$ 1og 2 © Vo
N
!
LDR
Saper LED !::

. ry 6 .
f

R2
=

o ——d —— %

Figure A.27 The circuit included light source and sensor section with

non-inverting amplifier.
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In Figure A.27 a selected 32.1 mV output voltage of sensor section is used as

input voltage to be amplified at different gain (Av) by non-inverting amplifier.

The output voltages measured at different steps of density at Av = 10, 23, 36,
49,62 and 620 were tabulated in Tables A15 to A.20 along with their characteristic

curve plotted between step film and output voltage.

It is important to consider that the sensors generate output voltage related to
changes in optical density being measured. Since the 8 bit ADC can respond to an
output voltage of at least 19 mV. The differences in the output voltage between steps
of film of less than 19 mV will not be able to show differences in optical densities. It
is then necessary to provide a suitable external circuitry to convert variation in the

sensor into a useful signal.
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Table A.11 The output signals obtained from the circuit in Figure A.26
by applying 7.36 V of input voltage

Step Vo
0 0.79 6
1 079
2 0.79
3 0.79
4 0.83
5 0.86
6 0.89
7 0.97
8 1.08
9 1.34
10 1.79
11 253 0 . ; I . .
12 3.48 0 5 10 15 20 25
13 4.16 step
14 4.49
15 468
16 4.75
17 417
18 4.79
19 438
20 48
21 48
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Table A.12 The output signals obtained from the circuit in Figure A.26
by applying 3.53 V of input voltage.

Step Fim| Vo (V)
0 0.32
1 0.33
2 0.33
3 0.33
4 0.35
5 0.36
6 0.38
7 04
8 0.47
9 0.58
10 0.81
0 T T I I L
11 1_.1 4
12 161 0 5 10 15 20 25
13 2.01 step
14 221
15 2.29
16 234
17 235
18 2.36
19 237
20 237
21 2.38
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Table A.13 The output signals obtained from the circuit in Figure A.26

Step Vo
0 33
1 35
2 35
3 36
4 36
5 38
6 40
7 44
8 50
9 63
10 89
1" 123
12 185
13 232
14 260
15 270
16 276
17 278
18 279
19 279
20 280
21 280

by applying 307 mV of input voltage

300

250

50

15 20 25
step
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Table A.14 The output signals obtained from the circuit in Figure A.26
by applying 32.1 mV of input voltage

Step Vo

0 47 120 1

1 49

> . 100

3 5

4 5.1 °

5 53

6 5.7 g

7 6.3

8 74

9 95

10 143

11 23.1 .
12 41.1 0 5 10 15 20 25
13 61.5 step

14 796

15 88.2

16 92.4

17 94

18 94.8

19 95.5

20 959 Wy N
21 4’4”’00%)5‘\‘\‘1\&5\

96.1

44814
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Table A.15 The output signals obtained from the circuit in Figure A.27

with an amplifier gain of 10.
Step Vo
0 57.9 450 - |
1 58
2 58.8
3 59.8
4 60.7
5 62.1
6 65.7
7 70.7
8 80.8
9 97.8
10 134
11 188.2 2 ) ‘ ! ‘ ‘
12 267 0 5 10 15 20 25
13 324 step
14 366
15 381
16 389
17 392
18 394
19 396
20 396
21 396
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Table A.16 The output signals obtained from the circuit in Figure A.27

with an amplifier gain of 23.
Step Vo
1000
0 119 i
1 118 900 -
2 122 800
3 123 700
4 126 S 600
5 128 & s
(=}

6 137 > 400
7 148 -
8 167

200
9 203

100
10 280

0 T T T T
11 399
0 5 10 15 20 25

12 565
13 708 step
14 789
15 825
16 842
17 848
18 852
19 854
20 856
21 860
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Table A.17 The output signals obtained from the circuit in Figure A.27

with an amplifier gain of 36.
Step Vo
0 150.3 1400 1
1 153.5 1200
2 155.3
3 157.4 1000
4 160.8
5 166.1 % -
g

6 172.8 S 600
7 187.8
8 212 Vo
9 262

200
10 369
11 540 0 : . , : ,
12 805 0 5 10 15 20 25
13 1034 step
14 1190
15 1257
16 1291
17 1 305
18 1317
19 1322
20 1327
21 1330
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Table A.18 The output signals obtained from the circuit in Figure A.27

with an amplifier gain of 49.
Step Vo
5 33 2500 -
1 236
2 238 2000
3 252
4 257 ; 1500
5 265 5
° ks § 1000
7 299
8 341
9 419 7
10 585
11 853 0 y T T T 1
12 1265 0 5 10 15 20 25
13 1613 step
14 1846
15 1939
16 1982
17 1996
18 2010
19 2020
20 2020
21 2030
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Table A.19 The output signals obtained from the circuit in Figure A.27

with an amplifier gain of 62.
Step Vo

0 336 3000 4
1 337

2500
2 338
3 343

2000
4 349
5 356 E -
6 377 S
7 408 1000
8 464
9 570 500
10 782
11 1161 0 . . . .
12 1703 0 5 10 15 20 25
13 2220 step
14 2550
15 2690
16 2760
17 2780
18 2790
19 2800
20 2810

21 2820
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Table A.20 The output signals obtained from the circuit in Figure A.27

with an amplifier gain of 620.
Step Vo
0 3.01 "7
1 3.09
2 3.1
3 3.17
4 3.25
5 3.42
6 3.62
7 3.89 .
8 441
9 5.52 >
10 7.89 0 | l . | |
" 11.56 0 5 10 15 20 25
12 12.88
13 12.9 step
14 12.93
15 12.96
16 12.97
17 12.99
18 13.01
19 13.03
20 13.05
21 13.07
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APPENDIX B

CIRCUITS
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APPENDIX C

SPECIFICATION AND OPERATION

Specifications

Range 0.050D to 2.310D minimum

Aperture 5 mm.

Light source Red LED

Sensor Photodiode

Display 16 characters 2 Lines LCD‘

Indicator SEND : Red LED will bright on control

panel when send button is activated.
RESET : RED LED will bright on control

panel when reset button is activated.

Controls Power switch ON/OFF; Send button; Reset
button.
Power supply +5V.and+15V.

Dimension (HxWxD) 11.5cm x 16.5cmx 30.2cm
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Photograph of Densitometer

Figure C.2 Photograph of densitometer (rear)
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Figure C.4 Photograph of power supply case (top view)
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Operation of Densitometer

1. Pressing POWER switch to the start densitometer. When power is on,
green LED at switch will illuminate.

2. When the densitometer is ready the LCD appears “DENSITOMETER
READY!” message.

3. Ensure that initial optical density value display 0.00 OD by pressing arm
after the LCD appears “Optical Density 0.00”.

4. Insert film strip between light source and sensor.

5. Optical density is measured by pressing arm and then LCD appears
“Optical Density X.XX” (X.XX represents the measured value of optical
density).

6. If optical density in each value is required to proceed to the computer for
showing the graph and saving data, press SEND switch and red LED
labelled Send will illuminate.

7. When SEND switch is pressed, LCD appears “TRANSFERRING!”
message and when optical density is sent to computer, LCD appears
“DATA TRANSFERRED” message.

8. If each value of optical density is not required to proceed to the computer
and successive measurements is needed, repeat steps 3-5.

9. Pressing POWER switch to end the densitometer. When power is off, green

LED will not illuminate.

NOTE : Step 3 should be made to set zero reading in every measurement.

NOTE : RESET switch is used to reset system when densitometer hasa problem.
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NOTE : This densitometer can use with a battery by disconnecting the power supply.

Operation of Software

1. Communication between densitometer and computer can operate by

clicking OffCom button and then OffCom changes to OnCom.

2. When optical density was sent from densitometer, each value is inserted

into the textbox with order of sending value from densitometer as shown in

Figure C.5.

- Figure C.5 User-Interface used with densitometer configuration.

3. If operator wants to show graph, click Display Graph button.
4. If operator wants to open old files for application, click File menu and

Open, respectively.
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5. If operator wants to save or save as files, click File menu and Save or Save
as, respectively.

6. If operator wants to setup computer port, click File menu and
Communication Setup will appear CommPort Properties as shown in

Figure C.6.

NOTE : This program can save and print same as other application program.

Figure C.6 CommPort Properties configuration.
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ORG
LJMP

ORG

LCDOO
LCDO1
LCD10
LCD11

DOUT
CLK
DIN
Cs

DAT11
DAT22
DAT33
DAT1
DAT2
DAT3
DAT4
DAT_1
DAT_2
DAT_3
DAT_4
BHI
BLO

0000H
MAIN

0050H
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

OFAQOH
OFAO1TH
OFAO2H
OFAQO3H

P1.2
P11
P1.3
P1.0

EQU 20H
EQU 21H
EQU 22H
EQU 23H
EQU 24H
EQU 25H
EQU 26H
EQU 27H
EQU 28H
EQU 29H
EQU 2AH
EQU 30H
EQU 31H

APPENDIX D

PROGRAM

AppendixD /110
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INITLCD: MOV DPTR#LCD00O
MOV A#38H
MOVX @DPTR,A
LCALL CHKBF
MOV A#OCH
MOVX @DPTR,A
LCALL CHKBF
MOV A#01H
MOVX @DPTR,A
LCALL CHKBF
MOV A#06H
MOVX @DPTR,A
LCALL CHKBF
RET

CHKBF: PUSH DPH
PUSH DPL
MOV DPTR#LCDO1

BF: MOVX A@DPTR

JB ACC.7.BF
POP DPL
POP DPH
RET

DELAY: MOV  R7 #00H
DE:MOV R6,#00H
DINZ R6.$
’DJNZ R7.DE
RET

INIT8255: MOV R0,00H
MOV DPTR#0F803H
MOV A #89H

NEXT: MOVX @DPTR.A

M:Sc.(Radiological Science)/ 111
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DJNZ RO,NEXT
RET

INITSERL: MOV SCON #53H
MOV TMOD,#20H
MOV TCON,#40H
MOV TH1#0FDH
SETB TR1
RET

ADC_READ: CLR CS
NOP
CLR CLK
MOV R5,#04H
ADC1:RLC A
MOV DIN,C
SETB CLK
NOP
CLR CLK
DJNZ R5,ADC1
SETB CLK
NOP
CLR CLK
MOV R5#04H
ADC2: MOV  C,DOUT
SETB CLK
NOP
CLR CLK
RLC A
DJNZ R5,ADC2
ANL A#OFH
MOV R1A
CLR A
MOV R5#08H
ADC3: MOV C,DOUT
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SETB CLK
NOP

CLR CLK
RLC A

DJINZ R5,ADC3
MOV ROA
SETB CS

RET

MAIN: LCALL INIT8255

LCALL INITLCD

MOV DPTRAMTEXT11
LCALL MTD11

MOV DPTR#MTEXT12
LCALL MTD21

LCALL DELAY

LCALL DELAY

LCALL DELAY

LCALL DELAY

LCALL DELAY

LCALL DELAY

LCALL DELAY

LCALL DELAY

MOV DPTR#MTEXT21
LCALL MTD11

MOV DPTRAMTEXT22
LCALL MTD21

MOV  R5,#00H
LOOP: B P1.6,LOOP
MOV R5#00H
SETB CS
SETB CLK
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LCALL OD_ZERO
LCALL DELAY
LOOP2: UNB P1.6,LOOP2
JB P163%
MOV A#0DOH
LCALL DELAY
LCALL DELAY
LCALL DELAY
.CALL ADC_READ
MOV  BHIR1 ; KEEP DATA BIT HI
MOV BLO,RO ; KEEP DATA BIT LO
S SRR
MOV  DPTR#OF801H
MOV ARt
MOVX @DPTRA
MOV  DPTR#0F800H
MOV  ARO
MOVX @DPTRA
S
LCALL TABLE
LCALL OD_DIS
LOOP4:JB P1.5,LO0P3
LCALL SERIAL
MOV DPTR#MTEXT21
LCALL MTD11
MOV DPTR#MTEXT32
LCALL MTD21
LCALL OD_DIS
LOOP3: JNB P1.6,LOOP4
JB  P1.6,LOOP4
JMP LOOP

SERIAL: MOV* DPTR#MTEXT31
LCALL MTD11
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MOV DPTR#MTEXT32
LCALL MTD21

LCALL DELAY

LCALL DELAY

LCALL INITSERL

JNB TIL$

CLR TI

MOV  SBUF,DAT_2
JNB TLS

CLR Tl

MOV SBUF,DAT_3
JNB TI$

CLR TI

MOV SBUF,DAT_4
LCALL DELAY

MOV DPTR#MTEXT41
LCALL MTD11

MOV DPTR#MTEXT42
LCALL MTD21

LCALL DELAY

LCALL DELAY

LCALL DELAY

RET

TABLE: MOV A,BHI
ANL  A#HOFH
CJINE A#OCH,TWO
MOV ABLO
CJNE A #10H,ONE1
ONE2: MOV  DAT_2#30H
MOV DAT_3,#32H
MOV DAT_4,#30H
RET
ONE1:JC ONE2

M.Sc.(Radiological Science) / 115



Budsapapat Natwong

CJNE A#20H,0ONE3
ONE4: MOV DAT_2#38H
MOV DAT_3#31H
MOV DAT_4#30H

RET

ONE3:JC ONE4
CJNE A#30H,ONE5

ONE6: MOV  DAT_2#36H
MOV DAT_3#31H
MOV DAT_4,#30H
RET

ONE5:JC  ONE6
CJNE A#40H,ONE7

ONEB8: MOV  DAT_2#34H
MOV DAT_3#31H
MOV DAT_4,#30H
RET

ONE7:JC ONE8
CJINE A#50H,0NE9

ONE10: MOV DAT_2 #32H
MOV DAT_3#31H
MOV DAT_4 #30H
RET

ONE9:JC ONE10
CJNE A#60H,ONE11

ONE12: MOV DAT_2,#30H
MOV DAT_3#31H
MOV DAT_4#30H
RET

ONE11:JC ONE12
CJNE A#70H,ONE13

ONE14: MOV DAT_2,#38H
MOV DAT_3#30H
MOV DAT_4#30H
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RET

ONE13:JC ONE14
MOV DAT_2#35H
MOV DAT_3,#30H
MOV DAT_4#30H
RET

TWO: CINE A#07H,THREE
MOV ABLO
CJINE A#10H,TWO1

TWO2: MOV DAT_2#30H
MOV DAT_3,#32H
MOV DAT_4,#30H
RET

TWO1.JC TwO2
CJINE A#20H,TWO3

TWO4: MOV DAT_2#34H
MOV DAT_3#33H
MOV DAT_4,#30H
RET

TW03:JC TWO4
CJNE A#30H,TWO5

TWO6: MOV DAT_2,#32H
MOV DAT_3#33H
MOV DAT_4#30H
RET

TWO5:JC TWO8
CJNE A#40H,TWO7

TWO8: MOV DAT_2#30H
MOV DAT_3.#33H
MOV DAT_4,#30H
RET

TWO7:JC  TWO8
CJNE A#50H,TWO9
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TWO10: MOV DAT_2,#38H
MOV DAT_3,#32H
MOV  DAT_4#30H
RET

TW09: JC  TWO10
CJNE A#60H,TWO11

TWO12: MOV DAT_2,#36H
MOV DAT_3#32H
MOV DAT_4#30H
RET

TWO11:JC  TWO12
CJINE A#70H,TWO13

TWO14: MOV DAT_2#34H
MOV DAT_3,#32H
MOV DAT_4,#30H
RET

TWO13:JC TWO14
MOV DAT_2,#32H
MOV DAT_3#32H
MOV DAT_4,#30H
RET

THREE: CJNE A #05H,FOUR
MOV ABLO
CJINE A#10H,THREE1

THREE2: MOV DAT_2#33H
MOV DAT_3.#32H
MOV DAT_4#30H
RET

THREE1: JC THREE2
CINE A#20H,THREE3

THREE4: MOV DAT_2#34H
MOV DAT_3#32H
MOV DAT_4 #30H
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RET

THREE3: JC THREE4
CINE A#30H,THREE5

THREEG: MOV DAT_2#36H
MOV  DAT_3.#32H
MOV DAT_4 #30H
RET

THREES: JC THREE6
CJNE A #40H,THREE7

THREES: MOV  DAT_2,#38H
MOV DAT_3,#32H
MOV DAT_4,#30H
RET

THREE7: JC THREES
CJINE  A#50H,THREEQ

THREE10: MOV DAT_2 #30H
MOV DAT_3#33H
MOV DAT_4,#30H
RET

THREE9: JC THREE10
CJINE A#60H,THREE11

THREE12: MOV DAT_2,#32H
MOV DAT_3.#33H
MOV DAT_4#30H
RET

THREE11:JC THREE12
CJUNE A#70H,THREE13

THREE14: MOV  DAT_2,#34H
MOV DAT_3.#33H
MOV DAT_4,#30H
RET

THREE13:JC THREE14
MOV DAT_2 #36H
MOV  DAT_3,#33H
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MOV DAT_4,#30H
RET

FOUR: CUNE A#03H,FIVE
MOV ABLO
CJNE A#10H,FOURT

FOUR2: MOV DAT_2,#38H
MOV DAT_3#33H
MOV  DAT_4,#30H
RET

FOUR1:JC FOUR2
CJINE A#20H,FOUR3

FOUR4: MOV DAT_2#30H
MOV DAT_3.#34H
MOV  DAT_4,#30H
RET

FOUR3:JC FOUR4
CJINE A#30H,FOUR5

FOURG: MOV  DAT_2#32H
MOV DAT_3 #34H
MOV DAT_4,#30H
RET

FOUR5:JC FOUR6
CJNE A#40H,FOUR?

FOURS:MOV DAT_2#34H
MOV DAT_3#34H
MOV DAT_4,#30H
RET

FOUR7:JC FOURS
CJINE A#50H,FOUR9

FOUR10: MOV DAT_2,#36H
MOV DAT_3#34H
MOV DAT_4,#30H
RET

FOURQG: JC FOUR10
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CINE A#60H,FOUR11
FOUR12: MOV  DAT_2#38H
MOV DAT_3.#34H
MOV DAT_4,#30H
RET
FOUR11:JC FOUR12
CJINE A#70H,FOUR13
FOUR14: MOV DAT_2#30H
MOV DAT_3,#35H
MOV DAT_4,#30H
RET
FOUR13: JC FOUR14
MOV DAT_2,#32H
MOV DAT_3,#35H
MOV DAT_4,#30H
RET
FIVE: CUJNE A#02H,SIX
MOV ABLO
CJUNE A#10H,FIVE1
FIVE2: MOV DAT_2,#31H
MOV DAT_3.#35H
MOV DAT_4,#30H
RET
FIVE1: JC FIVE2
CJNE A #20H,FIVE3
FIVE4: MOV DAT_2#32H
MOV DAT_3,#35H
MOV DAT_4,#30H
RET
FIVE3: JC FIVE4
CJNE A #30H,FIVES
FIVEG: MOV  DAT_2,#36H
MOV DAT_3.#35H
MOV DAT_4,#30H
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RET

FIVES: JC  FIVES
CJINE A#40H,FIVE7

FIVES: MOV  DAT_2,#38H
MOV DAT_3#35H
MOV DAT_4,#30H
RET

FIVE7: JC  FIVES
CJNE A#50H,FIVES

FIVE10: MOV DAT_2#30H
MOV DAT_3#36H
MOV DAT_4#30H
RET

FIVE9: JC  FIVE10
CJINE A#60H,FIVE11

FIVE12: MOV DAT_2#32H
MOV DAT_3#36H
MOV DAT_4,#30H
RET

FIVE11:JC  FIVE12
CJINE A#TOH,FIVE13

FIVE14: MOV DAT_2#34H
MOV DAT_3,#36H
MOV DAT_4,#30H
RET

FIVE13:JC  FIVE14
MOV DAT_2#36H
MOV DAT_3#36H
MOV DAT_4,.#30H
RET

SIX: CJNE A#O1H,SIXX
MOV ABLO
. ANL A#80H
CJINE A#OFOH,SIX1
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SIX2: MOV DAT_2#31H
MOV DAT_3,#38H
MOV DAT_4 #30H
RET

SIXX: JMP  EIGHT

SIX1:JNC  SIX2
CINE A#HOEOH,SIX3

SiX4: MOV  DAT_2#33H
MOV  DAT_3,#38H
MOV DAT_4,4#30H
RET

SiIX3:JC  Six4
CIUNE A #0ODOH,SIX5

SIX6: MOV DAT_2#35H
MOV DAT_3,#38H
MOV DAT_4 #30H
RET

SIX56: UJNC  SIX6
CJUNE A#OCOH,SIX7

SIX8: MOV  DAT_2#37H
MOV DAT_3#38H
MOV DAT_4,#30H
RET

SIX7:JC  SIX8
CJUNE A#0BOH,SIX9

SIX10: MOV DAT_2,#39H
MOV DAT_3#38H
MOV DAT_4#30H
RET

SIXe:JC  SIX10
CJUNE A#0DAOH,SIX11

SIX12: MOV DAT_2,#31H
MOV DAT_3,#39H
MOV DAT_4,#30H
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RET
SIX11:JC  SIX12
CJNE A#90H,SIX13
SIX14: MOV  DAT_2#33H
MOV DAT_3,#39H
MOV DAT_4#30H
RET
SIX13:JC  SIX14
CJNE A#80H,SEVEN
SIX15: MOV  DAT_2#35H
MOV  DAT_3,#39H
MOV~ DAT_4,#30H
RET
SEVEN: JC  SIX15
CJNE A#70H,SEVEN1
SEVEN2: MOV DAT_2,#35H
MOV DAT_3,#39H
MOV DAT_4,#30H
RET
SEVEN1: JC SEVEN2
CJNE A#60H,SEVEN3
SEVEN4: MOV  DAT_2,#37H
MOV DAT_3,#39H
MOV  DAT_4,#30H
RET
SEVEN3: JC SEVEN4
CJNE A#50H,SEVEN5
SEVENG: MOV DAT_2,#39H
MOV DAT_3#39H
MOV DAT_4,#30H
RET
SEVENS5: JC  SEVEN6
CJNE A #40H,SEVEN7
SEVENS: MOV  DAT_2,#32H
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MOV DAT_3#30H
MOV DAT_4,#31H
RET

SEVEN7:JC SEVENS
CJINE A#30H,SEVEN

SEVEN10: MOV DAT_2,#36H
MOV DAT_3#30H
MOV DAT_4#31H
RET

SEVENQ: JC  SEVEN10
CJINE A#20H,SEVENT1

SEVEN12: MOV DAT_2#38H
MOV DAT_3#30H
MOV DAT_4#31H
RET

SEVEN11:JC SEVEN12
CJINE A#10H,SEVEN13

SEVEN14: MOV  DAT_2#30H
MOV DAT_3#31H
MOV DAT_4#31H
RET

SEVEN13:JC SEVEN14

EIGHT: MOV  A,BHI
CJINE A#OOH,TAB
MOV A,BLO
CJINE AH#OEOH,EIGHT1

EIGHT2: MOV DAT_2#31H
MOV DAT_3#31H
MOV DAT_4#31H
RET

TAB: JMP TABLED

EIGHT1: NC  EIGHT2
CJINE A#0DOH,EIGHT3

EIGHT4: MOV DAT_2,#33H



Budsapapat Natwong Appendix D/ 126

MOV DAT_3#31H
MOV DAT_4.#31H
RET

EIGHT3: NC  EIGHT4
CJINE A#OCOH,EIGHTS

EIGHT6: MOV  DAT_2,#35H
MOV DAT_3#31H
MOV DAT_4#31H
RET

EIGHT5: JNC  EIGHT6
CJINE A#OBOH,EIGHT7

EIGHTS8: MOV  DAT_2,#34H
MOV DAT_3#32H
MOV DAT_4#31H
RET

EIGHT7: JNC  EIGHTS
CJINE A#OAOH,NINE

NINE1: MOV DAT_2#36H
MOV DAT_3#32H
MOV DAT_4.#31H
RET

NINE: JNC  NINE1
CJINE A#O0H,NINE2

NINE3: MOV DAT_2#38H
MOV DAT_3#32H
MOV DAT_4#31H
RET

NINE2: JNC  NINE3
CJINE A#80H,NINE4

NINE5: MOV  DAT_2,#30H
MOV DAT_3#33H
MOV DAT_4#31H
RET

NINE4: JNC  NINE5
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CJNE A#70H,NINES
NINE7: MOV DAT_2,#32H
MOV DAT_3#33H
MOV DAT_4,#31H

RET

NINE6: JNC  NINE7
CJINE A#60H,NINES

NINE9: MOV  DAT_2#34H
MOV DAT_3#33H
MOV DAT 4#31H
RET

NINES: CJNE A #69H,TEN1

TEN2: MOV DAT_2#31H
MOV  DAT_3,#34H
MOV DAT_4#31H
RET

TEN1:JNC  TEN2
CINE A#66H,TEN3

TEN4: MOV  DAT_2#33H
MOV DAT_3#34H
MOV DAT_4#31H
RET

TEN3: UNC  TEN4
CINE A#63H,TENS

TENG: MOV  DAT_2,#35H
MOV DAT_3,#34H
MOV DAT_4#31H
RET

TEN5: JNC  TENG
CINE A#61H,TEN7

TENS: MOV DAT_2,#38H
MOV DAT_3#34H
MOV DAT_4#31H
RET
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TEN7: UNC TENS
CINE A#50H,TEN9
TEN10: MOV DAT_2#32H
MOV DAT_3#35H
MOV  DAT_4#31H
RET
TENO: JNC TEN10

ELEVEN: MOV A,BLO
CJNE A#40H TWELVE

ELEVENT: MOV  DAT_2#36H
MOV DAT_3#35H
MOV DAT_4#31H
RET

TWELVE: JNC  ELEVEN1
MOV A.BLO
CJINE A#30H,THREETH

TWELVE1: MOV DAT_2#31H
MOV DAT_3.#37H
MOV DAT_4.#31H
RET

THREETH: JNC  TWELVE1
MOV ABLO
CJNE A#20H,FOURTH

THREETH1: MOV DAT_2,#36H
MOV DAT_3#38H
MOV DAT_4#31H
RET

FOURTH: JNC THREETH1
MOV ABLO
CJUNE A#10H,FIFTH

FOURTH1: MOV DAT_2#31H
MOV DAT_3430H
MOV DAT_4#32H
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RET
FIFTH: JNC FOURTH1
MOV ABLO

CINE A#03H,SIXTH
FIFTH1: MOV DAT_2#34H
MOV DAT_3#31H
MOV DAT_4,#32H

RET
SIXTH: JNC FIFTH1
MOV ABLO

CJINE A#01H,SIXTH1

SIXTH2: MOV DAT_2#31H
MOV DAT_3,#33H
MOV DAT_4,#32H
RET

SIXTH1: JC  SIXTH2
MOV A#BLO
CJNE A#00HTABLEO
MOV DAT_2#35H
MOV DAT_3#34H
MOV DAT_4#32H
RET

TABLEO: MOV  DAT_2 #30H
MOV DAT_3#30H
MOV  DAT_4#30H
RET

OD_ZERO:
MOV DAT_2#30H
MOV DAT_3#30H
MOV DAT_4,#30H
LCALL OD_DIS
RET
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STD:
MOV DPTR#LCD0O
MOV A#81H
MOVX @DPTRA
LCALL CHKBF
MOV DPTR#LCD10
MOV A,RO ;DATA1
MOVX @DPTRA
LCALL CHKBF

MOV DPTR#LCD00

MOV A#OC1H

MOVX @DPTRA

LCALL CHKBF

MOV DPTR#LCD10

MOV AR ‘DATA2
MOVX @DPTRA

LCALL CHKBF

RET

OD_DIS:
MOV DPTR#LCD0O
MOV A#OC9H
MOVX @DPTRA
LCALL CHKBF
MOV DPTR#LCD10
MOV A,DAT_2 :DATA2
MOVX @DPTRA
LCALL CHKBF
MOV DPTR#LCD00
MOV A#0C8H
MOVX @DPTRA
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LCALL CHKBF

MOV DPTR#LCD10
MOV ADAT_3 ;DATA3
MOVX @DPTRA

LCALL CHKBF

MOV DPTR#LCDOO
MOV A#HOCT7H

MOVX @DPTRA

LCALL CHKBF

MOV DPTR#LCD10
MOV A #2EH .
MOVX @DPTRA

LCALL CHKBF

MOV DPTR#LCDOO
MOV A #0C6H

MOVX @DPTR.A

LCALL CHKBF

MOV DPTR#LCD10

MOV ADAT_4 ;DATA4
MOVX @DPTR.A

LCALL CHKBF

RET

CHKBF1: PUSH DPH
PUSH DPL
MOV DPTR#LCDO1
BF1: MOVX A,@DPTR
JB ACC.7,.BF1
POP DPL
POP DPH
RET

MTEXT11: DB " DENSITOMETER *
MTEXT12:DB " READY! °
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MTEXT21: DB " OPTICAL DENSITY"
MTEXT22:DB " XXX °

MTEXT31: DB ° TRANSFERRING *
MTEXT32:DB * -

MTEXT41:DB * DATA °
MTEXT42: DB * TRANSFERRED °

MTD11: MOV RO#16D
MOV A#80H  :ADRESS LINE1.1[00 - OF]
ACALLSTD1
RET

MTD21: MOV RO #16D
MOV A#0COH  ;ADRESS LINE2.1[40 - 4F]
ACALL STD1
RET

STD1: PUSH DPH
PUSH DPL
MOV DPTR#LCDOO
MOVX @DPTRA
LCALL CHKBF1
POP DPL

. POP DPH

WTD1:CLR A
MOVC A@A+DPTR
PUSH DPH
PUSH DPL
MOV DPTR#LCD10
MOVX @DPTRA
LCALL CHKBF1
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END

POP DPL
POP DPH
INC DPTR
DINZ RO,WTD1
RET
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APPENDIX E
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Cost estimation
1. Pulse oximeter probe 16,000 1 16,000
2. ANT-31 microcontroller 1,300 1 1,300
board
3. LCDdisplay 700 1 700
4. EPROM 27256 80 1 80
5. LF351 30 1 30
6. LTC1298 250 1 250
7. OPAI121 950 1 950
8. TL062 200 1 200
9. Micro-switch 20 1 20
10. Socket IC 8 pin 10 4 40
11. DB9 30 3 90
12. Jack 40 1 40
13. Header (M) 10 2 20
14. Header (F) 3 pins 0.37 10 3.70
15. Header (F) 4 pins 0.67 10 6.70
16. Internal pin of header (F) 0.30 56 16.80
17. Resistor trimpot 25 round 35 1 35
18. Resistor 1% 1 10 10
19. Resistor 5% 0.50 10 5
20. Capacitor 5 10 50
21. Switch ON/OFF 80 1| 80
22. Switch ON/OFF of supply 50 1 50
23. Switch send 80 1 80
24. Switch reset 80 1 80
25. LM7805 10 1 10
26. LM7815 10 1 10
27. LM7905 10 1 10




Budsapapat Natwong Appendix E / 136

Cost estimation

10 1 10
29. Fuse box 10 1 10
30. Transformer 180 1 180
31. Multi-purpose PCB 200 1 200
32. PCB 300 1 300
33. Ventilator 100 1 100
34. Plug 220V 150 1 150
35. Densitometer case 3,500 1 3,500
36. Supply case 500 1 500

Total 25,117.2
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BURR - BROWN®

FEATURES

©® LOW NOISE: 6nVAHz typ at 10kHz
@ LOW BIAS CURRENT: 5pA max

@ LOW OFFSET: 2mV max

@ LOW DRIFT: 3uV/°C typ

@ HIGH OPEN-LOOP GAIN: 110dB min

® HIGH COMMON-MODE
REJECTION: 86dB min

DESCRIPTION

The OPA121 is a precision monolithic dielectrically-
isolated FET (Difet®) operational amplifier. Qut-
standing performance characteristics are now
available for low-cost applications.

Noise, bias current, voltage offset, drift, open-loop
gain, common-mode rejection, and power supply
rejection are superior to BIFET® amplifiers.

Very low bias current is obtained by dielectric
isolation with on-chip guarding.

Laser-trimming of thin-film resistors gives very low
offset and drift. Extremely low noise is achieved with
rew circuit design techniques (patented). A new
cascode design allows high precision input specifica-
tions and reduced susceptibility to flicker noise.
Standard 741 pin configuration allows upgrading of
existing designs to higher performance levels.

Difet®. Burr-Brown Corp.
BIFET®, National Semiconductor Corp.

international Akport Industrisl Park  «
Tel: (520) T46-1111

Maikng Address: PO Box 11400
> Tex:9109852-1111 - Cable: BBRCORP

—

Low Cost Precision Difet®
OPERATIONAL AMPLIFIER

«  Tucson, AZB5734 - Street Address: 6730 S. Tucson Blvd,
¢ Telex: 066-6491 -

OPA121

APPLICATIONS

® OPTOELECTRONICS

® DATA ACQUISITION

@ TEST EQUIPMENT

@ MEDICAL EQUIPMENT

® RADIATION HARD EQUIPMENT

Case (TO-99) and Substrate

@H 17]

+Vm

n Noise-Free
Cascode* >_[€I
x0 =20
Tim 4o0 %
[+ wW—$
Trim 10k %z«z 20
¢ { 4 |
“Patented e
OPA121 Simpilified Circuit

= Tueson, AZ 85706

FAX: (520) 8381510 + kmmediate Product info: (300) S48-5132

© 1984 Burr-Brown Cormporation

PDS-539F

Pricted in U.S.A. September, 1993
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ELECTRICAL
At Vo= $15VDC and T, = +25°C unless otherwise noted. Pin 8 connected to ground.
OPAT21KM OPA121KP, KU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
NOISE
Voltage, fo = 10Hz U] 40 §0 nVAHz
1o=100Hz m 15 18 nVHHz
fo=1kHz n 8 10 nVAHz
fo = 10kHz m 6 7 nVAHz
{5 = 10Hz to 10kHz m 0.7 0.8 uvrms
tg=0.1Hz 10 10 Hz m 16 2 uVp-p
Current, f5 = 0.1Hz to 10Hz m 15 21 1A, p-p
fo = 0.1Hz thru 20kHz| U] 0.8 1.1 Hz
OFFSET VOLTAGE®
input Oftset Voltage Vey = 0VDC 0.5 2 0.5 i3 mv
Average Drift Ta = T 10 Thax +3 110 13 +10 uvrC
Supply Rejection 86 104 86 104 dB
6 50 16 450 uvv
BIAS CURRENT®
Input Bias Current Ve =0VDC +1 15 +1 10 pA
Davice Operating
OFFSET CURRENT®
Input Offset Current Veu=0VDC 0.7 4 0.7 18 pA
Device Operating
IMPEDANCE
Differentiat 103111 10111 QlpF
Common-Mode 104113 1014113 Q il pF
VOLTAGE RANGE
Common-Mode Input Range 310 i1 10 11 v
Common-Mode Rejection Viy=+10VDC 86 104 82 100 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain Ry 2 2kQ 110 120 106 114 dB
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 2 MHz
Full Power Response 20Vp-p, R = 2kQ 32 32 kHz
Slew Rate Vo =110V, R, = 2kQ 2 C 2 Vius
Setlling Time, 0.1% Gain=-1, A, =2kQ 6 6 us
0.01% 10V Step 10 10 us
Overload Recovery,

50% Overdrive® Gain=—1 5 5 us
RATED OUTPUT
Voltage Output R =2kQ 111 +12 £11 112 \Y
Gurrent Output Vo=+10VDC 15.5 +10 5.5 +10 mA
Output Resistance DC, Open Loop 100 100 [¢}
Load Capacitance Stability Gain = +1 1000 1000 pF
Short Circuit Current 10 40 10 40 mA
POWER SUPPLY
Rated Voltage +15 +15 vbDC
Voltage Range,

Derated Performance 5 18 5 +18 vDC
Current, Quiescent lo = OMADC 25 a4 25 4.5 mA
TEMPERATURE RANGE
Specification Amblent Temperature 0 +70 0 +70 °Cc
Operating Amblent Temperature ~40 +85 -25 +85 °C
Storage Ambient Temperature —65 +150 -55 +126 °C
8Junction-Ambient 200 15014 °CW

NOTES: (1) Sample tested. (2) Offset voltage, offsst current, and bias current are specified with the units fully warmed up. (3) Overload recovery is defined as
the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive. (4) 100°C/W for KU grade.

The information provided herein is befleved to be reliable; howsver, BURR-BROWN assumes no responsibility for Inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circulis described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®

OPA121
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ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
At Vo = £16VDC and Ty = Ty 10 Tyuax unless atherwise nated.

OPA121KM OPA121KP, KU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification Range Ambient Temperature 1] +70 0 +70 °C
INPUT ’
OFFSET VOLTAGE("
Input Offset Voltage Ve =0VDC #+ 13 +1 15 mv
Average Drift 13 +10 +3 +10 uvrC
Supply Rejection 82 94 82 94 dB
120 180 120 180 uvv
BIAS CURRENT(™
Input Bias Current Ve =0VDC +23 15 123 4250 pA
Device Operating
OFFSET CURRENT()
Input Offset Current Ven =0VDC +16 +100 +16 200 pA
Device Operating
VOLTAGE RANGE
Common-Mode Input Range +10 1 +10 +11 v
Common-Mode Rejection Vi =£10VDC 82 98 80 96 dB
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain R_22kQ 106 116 100 110 dB
RATED OUTRUT
Voliage Output R =2kQ +10.5 21 1105 £11 Y
Current Qutput Vo =110VDC 15,25 +10 15.25 +10 mA
Short Cireuit Current Vo=0VDC 10 40 10 40 mA
POWER SUPPLY
Current, Quiescent lo=0mADC 25 4.5 2.5 5 mA

NOTE: (1) Offset voliage, offset current, and bias current are measured with the units fully warmed up.

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS
View M- TO-98 (H:

Supply +18VDC Top Package (Hermetic)
Internal Power Dissipation(® 500mW Substrate and Case
Differential Input Voltage +38VDC
Input Voltage Range +18VDC
Storage Temperature Range

M package ~65°C to +150°C

P, U packages -565°C to +125°C
Operating Temperature Range

M package ~-40°C t0 +85°C

P, U packages —25°C to +85°C
Lead Temperature

M, P packages (soldering, 10s) +300°C

U package {soldering, 3s) +260°C
Output Short-Circuit Duration@ Continuous
Junction Temperature . +175°C
NOTES: (1) Packages must be derated based on g, = 150°C/W
(P package); 6,, = 200°C/W (M package); 6,, = 100°C/W (U package). Top View P-Package Plastic Minl-DIP
(2) Short circult may be to power supply common only. Rating applies to U-Package Plastic SOIC
+25°C ambient. Observe dissipation limit and T,

Offset Trim | 1 e 8 | Substrate
PACKAGE INFORMATION
PACKAGE DRAWING -n [2] 7| Ve

MODEL PACKAGE NUMBER( +n E 6 | Output
OPA121KM TO-99 001
OPA121KP 8-Pin Plastic DIP 006 Ve | 4 5 | Offsel Trim
OPA121KU 8-Pin SOIC 182

NOTE: (1) For detailed drawing and dimenslon table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

ORDERING INFORMATION
TEMPERATURE
MODEL PACKAGE RANGE
OPA121KM TO-89 0°C to +70°C
OPA121KR 8-Pin Plastic DIP 0°C to +70°C
OPA121KU 8-Pin SOIC 0°C to +70°C

BURR - BROWNSe

3 OPA121
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TYPICAL PERFORMANCE CURVES

Ta=+25°C, Ve = £16VDC unless otherwise noted.

INPUT VOLTAGE NOISE SPECTRAL DENSITY

1k = =
N
T
(P, K
2 100 e\\ KP, KU
£ 7
[
K] N
2 ,4‘ N
3 i (TN
8 10 —=czis=o=c==t
5 - e
>
1
1 10 100 1k 10k 100k ™
Frequency (Hz)
BIAS AND OFFSET CURRENT
vs INPUT COMMON-MODE VOLTAGE
10
4
:g 1 Bias Gu E’—" P T
S :::a::'*’"c
5
o
2 o K
0.01
-186 -10 -5 0 +5 +10 +15
Common-Mode Voliage (V)
COMMON-MODE REJECTION
vs FREQUENCY
140
KM
& 120
2
c
§ 100 q
o ™
g ® SN
£ .
: ® N
[~
g NN
§ N
0
1 10 100 1k 10k 100k ™ 10M
Frequency (Hz)
BURR - BROWN®
OPA121
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-
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-

0.01

Offset Current (pA)

Blas Current (pA)

Power Supply Rejection (dB)

Voltage Qain (dB)
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BIAS AND OFFSET CURRENT
vs TEMPERATURE
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ll/, I
0.1 0.1
/,Iyl
0.0t 2 0.01
50 26 0 425 480 475 4100 4125
Ambient Temperature (°C)
POWER SUPPLY REJECTION
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TYPICAL PERFORMANCE CURVES (ConT)

Tp=+25°C, Voo = +16VDC unless otherwise noted.

LARGE SIGNAL TRANSIENT RESPONSE

+15

Output Voltage (V)
o

INPUT CURRENTS vs INPUT VOLTAGE
WITH £Vee PINS GROUNDED

2 NN

+1

IR A
LN N S I |

Input Current (mA)
o

O e R R i i e s e B e e B =f=t==

-2

Input Voltage (V)

APPLICATIONS INFORMATION

OFFSET VOLTAGE ADJUSTMENT

The OPA121 offset voltage is laser-trimmed and will require
no further trim for most applications. As with most ampli-
fiers, externally trimming the remaining offset can change
drift performance by about 0.3uV/°C for each 100uV of
adjusted offset. Note that the trim (Figure 1) is similar to
operational amplifiers such as 741 and AD547. The OPA121
can replace most BIFET amplifiers by leaving the external
null circuit unconnected.

INPUT PROTECTION

Conventional monolithic FET operational amplifiers require
external current-limiting resistors to protect their inputs
against destructive currents that can flow when input FET
gate-to-substrate isolation diodes are forward-biased. Most
BIFET amplifiers can be destroyed by the loss of —Vc.

Unlike BIFET amplifiers, the Difef OPA121 requires input
current limiting resistors only if its input voltage is greater

SMALL SIGNAL TRANSIENT RESPONSE

- &

Output Voltage (mV)

3

+10mV Typical
Trim Range

*10kQto IMQ
Trim Potentiometer
Ve (100kQ Recommended)

FIGURE 1. Offset Voltage Trim.

than 6V more negative than —~Vgc. A 10kQ series resistor
will limit input current to a safe level with up to 15V input
levels even if both supply voltages are lost.

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolar and FET types),

OPA121
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this may cause a noticeable degradation of offset voltage and
drift.

Static protection is recommended when handling any
precision IC operational amplifier.

GUARDING AND SHIELDING

As in any situvation where high impedances are involved,
careful shielding is required to reduce “hum” pickup in input
leads. If large feedback resistors are used, they should also
be shielded along with the external input circuitry.

Leakage currents across printed circuit boards can easily
exceed the bias current of the OPA121. To avoid leakage
problems, it is recommended that the signal input lead of the
OPA121 be wired to a Teflon™ standoff. If the OPA121 is
to be soldered directly into a printed circuit board, utmost
care must be used in planning the board layout. A “guard”
pattern should completely surround the high-impedance in-
put leads and should be connected to a low-impedance point
which is at the signal input potential.

The amplifier case should be connected to any input shield
or guard via pin 8. This insures that the amplifier itself is
fully surrounded by guard potential, minimizing both leak-
age and noise pickup (see Figure #2).

If guarding is not required, pin 8 (case) should be connected
to ground.

BIAS CURRENT CHANGE
VERSUS COMMON-MODE VOLTAGE

The input bias currents of most popular BIFET operational
amplifiers are affected by common-mode voltage (Figure 3).
Higher input FET gate-to-drain voltage causes leakage and
ionization (bias) currents to increase. Due to its cascode
input stage, the extremely-low bias current of the OPA121
is not compromised by common-mode voltage.

Teflon™ E.L du Pont de Nemours & Co.

BURR - BROWN®
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Non-inverling Buffer
- 28 2N
oPA121 > lopa121 DS
Ino + 0 3,
n

Mini-DIP Bottom View
BOARD LAYOUT 8[- 11
FOR INPUT GUARDING
Guard top and botiom of board. 7] 2
Altemate: use Teflon standoff.
for sensitive input pins. 6] 3

5[] e

FIGURE 2. Connection of Input Guard.

80 TTT I T T T T T T TITT TT 7117
70 A = +25°C; curves iaken from LE156/157
4 mfg. published typical data L
< 60 v
& LA
£ 50 g AD.
g 1 /
5] 40 = v LF1551
30 LF156/157| 4"
2 g A
’g A /’/ ‘/ //
£ 10 [hFISS e T
o | [ADB47I L | Llgpat21
10 [Qp B e
- x *Pey .
Nl R AN b
-10 ~5 0 +5 +10
Common-Mode Voltage (VDC)

FIGURE 3. Input Bias Current vs Common-Mode Voltage.
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‘—’ SGS-THOMSON TL062
> MICROELECTRONICS TLO62A - TL062B

LOW POWER J-FET DUAL OPERATIONAL AMPLIFIERS

o e

= VERY LOW POWER CONSUMPTION : 2001A

= WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGES

= LOW INPUT BIAS AND OFFSET CURRENTS

= QUTPUT SHORT-CIRCUIT PROTECTION

=HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

= INTERNAL FREQUENCY COMPENSATION

» LATCH UP FREE OPERATION
= HIGH SLEW RATE : 3.5V/us D:\ll'-'a sga

(Plastic Package) (Plastic Micropackage)
DESCRIPTION

The TL062, TLO62A and TL062B are high speed ORDER CODES

J-FET input dual operational amplifier family. Each Package
of these J-FET input operational amplifiers incor- Part Number | Temperature Range N T o
porates well matched, high voltage J-FET and bi-
polar transistors in a monolithicintegrated circuit. e '55:C' + 2§C e ¢
The devices feature high slew rates, low input bias ] '400 2 *"l c R B
and offsetcurrents, andlow offsetvoltagetempera- | TL062C/AC/BC 0C, +70C e | o
ture coefficient. Example : TLO62IN
PIN CONNECTIONS (top view)
1 [ ] s
1 - Output 1
2 - Inverting input 1
2 E ] 7 3 - Non-inverting input 1
4-Veo
§ - Non-inverting input 2
3 [ 16 6 - Inverting input 2
7 - Output 2
0 Qs %

October 1997 110
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TLO62- TL TLO062B
SCHEMATIC DIAGRAM
Veet
‘}
nput 1/2 TLO62
32k R
42k Q
[ vec™
MAXIMUM RATINGS
Symbol Parameter TLO62M,AM,BM TLO621,ALBI TL0O62C,AC,BC | Unit
Vec | Supply Voitage - (note 1) +18 +18 > +18 v
Vi Input Voltage - (note 3) +15 +15 +15 \'J
Via Differential Input Voltage - (note 2) +30 - +30 +30 v
Ptot Power Dissipation 680 680 680 mwW
Output Short-Circuit Duration (Note 4) Infinite Infinite Infinite
Toper Speraﬁng Free-Air Temperature -55 to +125 -40 to +105 0to +70 °c
ange
Tstg | Storage Temperature Range - 65 to + 150 -65 to + 150 -65 to + 150 °c
Notes : 1. All voltage values, e differential voltage, are with res) to the zero reference level (ground) of the supply voltages where
the zerogreeferenoe lm the midpoint begveeen Vet andps‘; @ ) Poly ges
2. Differential voltages are at the non-inverting input terminal with respect to the Inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages mustbe limited to ensure that the
dissipation rating is not exweéed.

210
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TL062 - TL0O62A - TL062B
ELECTRICAL CHARACTERISTICS
Vce =+ 15V, Tamb = 25°C (unless otherwise specified)
2M TLO62 TLO62C
Symbol Parameter TLOG 06 Unit
Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.
Vio Input Offset Voltage (Rs = 50Q) mvV
Tamb =25C 3 6 3 6 3 15
Tmin. < Tamb < Trmax. 15 9 20
DVi, | Temperature Coefficient of Input uvree
Offset Voltage (Rs = 50Q) 10 10 10
lio Input Offset Current *
Tamb = 25°C 5 | 100 5 | 100 5 1200 | pA
Tmine < Tamb < Trmax. 20 10 5 nA
lib Input Bias Current *
Tamb = 25°C 30 | 200 30 | 200 30 [ 400 | pA
Tmin. £ Tamb < Tmax. 50 20 10 nA
Viem | Input Common Mode Voitage +11.5] +15 +11.5] +15 +11 | +15 \
Range -12 -12 -12
Vopp | Output Voltage Swngg (RL = 10kQ) v
Tamb =25°C 20 27 20 27 20 27
Tmin. £ Tamb < Tmax. 20 20 20
Avd Large Signal Voltage Gain VimV
(RL = 10kQ, Vo =+ 10V)
Tamp = 25°C 4 6 4 6 3 6
Tmin. < Tamb < Tmax. 4 4 3
GBP | Gain Bandwidth Product MHz
(Tamb = 25°C, RL = 10kQ
CL = 100pF) 1 1 1
Ri | Input Resistance 10" 10'2 102 Q
CMR | Common Mode Rejection Ratio dB
(Rs =509Q) . 80 86 80 86 70 76
SVR | Supply Voltage Rejection Ratio dB
(Rs=50Q) 80 95 80 95 70 95
lec Supply Current (Per Ampilifier) pA
amb = 25°C, no load, no signal) 200 | 250 200 | 250 200 | 250
Vo1/Voz | Channel Separation dB
(Av = 100, Tamp = 25°C) 120 120 120
Po Total Power Consumption mw
Each Amplifier)
amb = 26°C, no load, no signal) 6 | 75 6 | 75 6 | 75
* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive.
Pulse techniques must be used that will maintain the junction temperature as closes to the ambient temperature as possible.
ELECTRICAL CHARACTERISTICS (continued)
Vcc ==+ 15V, Tamb =25°C
Symbol Parameter TL062C,1,M Unit
Min. Typ. Max.
SR Slew Rate (Vi= 10V, R = 10kQ, C. = 100pF, Ay = 1) 15 35 Vius
tr Rise Time (Vi= 20mV, R = 10kQ, C. = 100pF, Ay = 1) 02 us
Kov Overshoot Factor (Vi= 20mV, R, = 10kQ, C_ = 100pF, Ay = 1) %
(see figure 1) 10
en Equivalent Input Noise Voitage nv
(Rs = 100Q, f = 1KHz2) 42 VHz

310




Budsapapat Natwong Appendix E / 146
TL062 - TL062A - TL062B
ELECTRICAL CHARACTERISTICS (continued)
Vce =+ 15V, Tamb = 25°C (unless otherwise specified)
P ,Al, 2BC,Bl,
Symbol meter TLO62AC,AlL, AM | TL062BC,BI,BM Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vio Input Offset Voltage (Rs = 50Q) mv
Tamb =25C 3 6 2 3
Tmin. € Temb < Tmex. 7.5 5
DVie | Temperature Coefficient of Input Offset Voltage uvree
(Rs = 50Q) 10 10
lio Input Offset Current *
Tamb =25°C 5 | 100 5 [ 100 | pA
Trmine < Tamp < Trnax. 3 3 nA
lib Input Bias Current *
Temb = 25°C 30 | 200 30 | 200 pPA
Trmin. < Tamb < Trnax. 7 7 nA
Viem input Common Mode Voltage Range +11.5 +11 g *+11.5 +11 25 Vv
Vopp | Output Voltage Swing (RL = 10kQ) Vv
Tamb =25°C 20 27 20 27
Tmin. £ Tamb < Tmax. 20 20
Avd Large Signal Voltage Gain (RL = 10kQ, Vo =+ 10V) Vimv
Tamb = 25°C 4 6 4 6
Tmin. < Tamb < Tmex. 4 4
GBP | Gain Bandwidth Product MHz
(Tamb = 25°C, R = 10kQ, C_= 100pF) 1 1
R | Input Resistance 10" 10" 0
CMR | Common Mode Rejection Ratio (Rs = 50Q) 80 86 80 86 dB
SVR | Supply Voltage Rejection Ratio (Rs = 50Q) 80 95 80 95 dB
lee Supply Current (Per Ampilifier) pA
(Tamb = 25°C, no load, no signal) 200 | 250 200 | 250
Voi/Voz | Channel Separation (A, = 100, Tams = 25°C) 120 120
Pp Total Power Consumption (Each Amplifier) mwW
(Tamb = 25°C, no load, no signal) 6 | 75 6 | 75
SR Slew Rate (Vi= 10V, R = 10kQ, C|_ = 100pF, Ay = 1) 156 | 356 1.5 35 Vius
t Rise Time (Vi= 20mV, R_ = 10kQ, C,_ = 100pF, Ay = 1) 0.2 0.2 us
Kov Overshoot Factor (V;= 20mV, RL = 10kQ, C. = 100pF, %
Av = 1) - (see figure 1) ; 10 10
en Equivalent Input Noise Voltage nV
(As = 1002, { = 1KHz) 42 42 Rz

* The input bias currents of a FET-in|
Pulse techniques must be used that
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TLOG‘f1 TLO062A - TL062B

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS SUPPLY VOLTAGE

éO i i 1
5 N Ri=10 KQ
E Tam = +25°C
0O 20 |- See figure 2 .
5= A
g 6 15 -
0ox
£h
¥
2 g 10
S 5
=
i
g 0 2 4 [ 8 10 122 14 16
SUPPLY VOLTAGE (V)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS LOAD RESISTANCE

30
E 25
o 20
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== %
iG] "
S = o
o 1 W
%3 0 i Vee=215V 1]
uw 5 Ld Tamp = +25°C | |
2 r See Figure 2
s 0 | I B
g 100 200 400 700 1tk 2k 4k 7k 10k
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DIFFERENTIAL VOLTAGE AMPLIFICATION
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SUPPLY CURRENT PER AMPLIFIER VERSUS

SUPPLY VOLTAGE
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SUPPLY CURRENT PER AMPLIFIER VERSUS
FREE AIR TEMPERATURE
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TL062 - TLO62A - TL062B

INPUT AND OUTPUT VOLTAGES

VOLTAGE FOLLOWER LARGE SIGNAL OUTPUT VOLTAGE VERSUS
PULSE RESPONSE ELAPSED TIME
6 |
" WeGT 28
4 24
s OVERSHOOT
E 20 AL " . N
2 OUTPUT] w .
f I\ 8 o | A
S o0 / a3 12 /4
VCC =x15V > I ’
2 R, = 10k 2 8 | Vo =t15V
/ C_=100pF \ = N Ri=10kQ ]
4 Tamp =425°C 0 It Tambl = +2?°C -
_r Y. -4 '
-6 | ] r' | 0 02 04 06 08 1 12 14
0 2 4 6 8 10 TIME (us)
TIME (us)
EQUIVALENT INPUT NOISE VOLTAGE
VERSUS FREQUENCY
100
: " 1111/ I
] Voc =15V
Sy 80 Rg =100Q
55 70 Tamn = 425°C
s 6 N
w50
1
=%
u 10
0

10

40 100 400 1k 4k 10k 40k 100k

FREQUENCY (Hz)
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TLO062 - TL062A - TL062B

PARAMETER MEASUREMENT INFORMATION .
Figure1 : Voitage follower Figure 2 : Gain-of-10 inverting ampilifier

10k Q

172

TLO62 i Q e, .
[+}
y C, = 100pF R, = 10kQ
© t - C, = 100pF
73
TYPICAL APPLICATION
100KHz QUADRATURE OSCILLATOR
1N 4148 it 0 .15V
18pF 1k Q
" 18pF
88.4k Q
{1
1/2
88.4k Q o] QO 6cos Wt
6sin @t 11062 -
P 1% Q
18pF
73 N l"
A U 88.4k Q 18
1N4148
18k Q*
I +15V
* These resistor values may be adjusted fora symmetrical output
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TL062 - TL062A - TL062B

PACKAGE MECHANICAL DATA
8 PINS - PLASTICDIP
od
I 3
[ 1 L |
sl w
MR RN £
e
p 2 | |
Z
D
.10
] §
'S
1 4
Ly Ly Ll
Dimensions Millimeters inches
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.125 0.150
4 1.52 0.060

9110
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TL062 - TL - TL062B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

X2,
A
”

&
|m

Dimensions Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.256 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
¢l 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 . 0.050
ed 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

Information furnished Is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility
for the consequences of use of such information nor for any infringement of patents or other rights of third parties which may resuit
from its use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microslectronics.
Specification mentioned In this publication are subject to change without notice. This publication supersedes and replaces all
information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life
support devices or systems without express written approval of SGS-THOMSON Microelectronics.

© 1997 SGS-THOMSON Microelectronics — Printed In italy — AllRights Reserved
SGS-THOMSON Microelectronics GROUP OF COMPANIES
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TECHNOLOGY

FEATURES

= 12-Bit Resolution
= 8-Pin SOIC Plastic Package
= Low Cost
n Low Supply Current: 250pA Typ.
= Auto Shutdown to 1nA Typ.
m Guaranteed +3/4LSB Max DNL
» Single Supply 5V to 9V Operation
= On-Chip Sample-and-Hold
= 60us Conversion Time
= Sampling Rates:
12.5 ksps (LTC1286)
11.1 ksps (LTC1298)
= |/0 Compatible with SP1, Microwire, etc.
m Differential Inputs (LTC1286)
® 2-Channel MUX (LTC1298)
m 3V Versions Available: LTC1285/LTC1288

APPLICATIONS

» Battery-Operated Systems
= Remote Data Acquisition

= Battery Monitoring

= Handheld Terminal Interface
» Temperature Measurement
= |solated Data Acquisition
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LTC1286/LTC1298

Micropower Sampling
12-Bit A/D Converters In
S0-8 Packages

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive approximation sampling A/D converters. They typi-
cally draw only 250yA of supply current when converting
and automatically power down to a typical supply current
of 1nA whenever they are not performing conversions.
They are packaged in 8-pin SO packages and operate on
5V to 9V supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs include sample-and-holds.
The LTC1286 has a single differential analog input. The
LTC1298 offers a software selectable 2-channel MUX.

On-chip serial ports allow efficient data transfer to a wide
range of microprocessors and microcontrollers over three
wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

These circuits can be used in ratiometric applications or
with an external reference. The high impedance anaiog
inputs and the ability to operate with reduced spans (to
1.5V full scale) allow direct connection to sensors and
transducers in many applications, eliminating the need for
gain stages.

TYPICAL APPLICATIONS

25uW, S0-8 Package, 12-Bit ADC
Samples at 200Hz and Runs Off a 5V Supply

ATpF SV

LTC1288/83 « TAGT

- |'I'|'|'_—L—
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L E] (e.g., 8051)
Vaer Vee P14
ANALOG INPUT 2 +IN yTC1286 CLK L P13
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Supply Current vs Sample Rate
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LTC1286/LTC1298

ABSOLUTE MAXIMUM RATINGS (notes 12ni2)
Supply Voltage (Vge) £0 GND. .....coveevecvecrecerecnrenree 12V Power DisSipation............co.ceevnceenerennenecrerennns 500mw
Voltage Operating Temperature Range
Analog and Reference ................ -0.3Vto Vg + 0.3V LTC1286C/LTC1298C............ccccrnvrennnn. 0°C to 70°C
Digital INPULS ....cuvvreerere et -0.3Vto 12V LTC12861/LTC1298I ...........cormmrenneeee. -40°C to 85°C
Digital Qutput ..........coeerrurerrnrnene. -0.3Vto Ve + 0.3V Storage Temperature Range.................. -65°C to 150°C
Lead Temperature (Soldering, 10 sec.)................ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART y TOPEl ORDER PART
vell] Bl NUMBER 5] veo NUMBER
N [2] 7] cLk 7] cix
-in [3] 6] Doyt LTGC1286CN8 6] Dour LTC1286CS8
anp 4] 5] CS/stbn LTC1286IN8 [5] CS/sHON L1C1286158
N8 PACKAGE S8 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC '
Towax = 150°C, B34 = 130°C/W Toax = 150°C, Byp = 175°CW 1286C
12861 .
TOP VIEW ORDER PART TOPVIEW ORDER PART
Soon[d] [E veo e NUMBER CS/sHDN 8] Voo Veer) NUMBER
CHo [2] 7] CLK CHo 7] cLk
GND [%] 5] Oy ono [2] 5] ow
N8 PACKAGE S8 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC
Tonax = 150°C, 8y =130°C/W Tamax = 150°C, @8 =175°C/W 11%99%?
Consult factory for military grade parts.
geCcOmMMmMeENDED OPERATING CONDITIONS
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vee Supply Voltage (Note 3) LTC1286 45 9.0 v
LTC1298 45 55 v
fok Clock Frequency Voo =5V (Note 4) 200 kHz
tovc Total Cycle Time LTC1286, for = 200kHz 80 s
’ LTC1298, fe = 200kHz 90 us
thoi Hold Time, Dyy After CLKT Veg=5V 150 ns
t5uis Setup Time CSJ Before First CLKT (See Operating Sequence) LTC1286, Vgg = 5V 2 s
LTC1298, Voo =5V 2 us
tsuDi Setup Time, Dy Stable Before CLKT Vee=5V 400 ns
twHeLK CLK High Time Voo =5V 2 us
twiolk CLK Low Time Voo =5V us
twcs CS High Time Between Data Transfer Cycles Veg =5V s
twics CS Low Time During Data Transfer LTC1286, Ty = 200kHz 75 s
LTC1298, fgLk = 200kHz 85 us
2 LY LR
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LTC1286/LT1C1298

CONVERTER AND MULTIPLEXER CHARACTERISTICS (ote 5)

LTG1286 LTG1298
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Resolution (No Missing Codes) ° 12 12 Bits
Integral Linearity Error {Note 6) ® 34 2 34 42 LSB
Differential Linearity Error ® /4 +3/4 /4 13/4 LSB
Offset Error ) 34 3 34 13 LSB
Gain Error e 2 8 2 +8 LSB
Analog Input Range (Note 7 and 8) ® ~0.05V to Vg +0.05V v
REF Input Range (LTC1286) 4.5<Vep <5.5V 1.5V to Vg +0.05V Vv
{Notes 7, 8,and 9) 55V <Vgos v 1.5V {0 5.55V v
Analog Input Leakage Current (Note 10) ® +1 I +1 pA
DIGITAL AND DC ELECTRICAL CHRRACTERISTICS (Notes)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vi High Leve! Input Voltage Veg = 5.25V [ 2 v
ViL Low Level Input Voltage Voo =4.75V ° 0.8 v
m High Level input Current Vin=Veg ) 25 pA
L Low Level Input Current Vin=0V ® -25 pA
VoH High Leve! Output Voitage Vep=4.75V, lg = 10pA ) 40 464 v
Voo = 4.75V, lg = 360pA ® 24 462 v
Voo Low Level Output Voltage Voo =4.75V, lg = 1.6mA ° 04 v
loz Hi-Z Output Leakage CS = High ° +3 pA
Isource | Output Source Current Voyur =0V ~25 mA
Isink Output Sink Current Vour =Veg 45 mA
RRer Reference Input Resistance CS = Vge 5000 Mo
(LTC1286) CS=GND 55 ko
Iner Reference Current (LTC1286) CS=Vgg o 0001 25 pA
tgye 2= 640us, fg k < 26kHz e 80 140 pA
toye = 80us, foLk = 200kHz ) 90 140 VA
lec Supply Current CS =Vge ® 0.001 3.0 A
LTC1286, tgyc = 640ys, foy k < 25kHz ® 200 400 uA
LTC1286, toyc = 80ps, fork = 200kHz e 250 500 uA
LTC1298, tgyc = 720us, fo i < 25kHz ° 290 490 uA
LTC1298, tgyg = 90us, fgik = 200kHz ° 340 640 HA

DYNAMIC ACCURRACY 15y, - 12.5kHz (LTC1285), fgypy = 11.1kHz (LTC1208) (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
S/N +D) | Signal-te-Noise Pius Distortion Ratio 1kHz/7kHz Input Signal 71/68 dB
THD Total Harmonic Distortion (Up to 5th Harmonic) 1kHz/7kHz Input Signal —-84/-80 dB
SFDR Spurious-Free Dynamic Range * 1kHz/7kHz Input Signal 90/86 dB
Peak Harmonic or Spurious Noise 1kHz/7kHz Input Signal -90/-86 dB

LY R
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__ N

AC CHARACTERISTICS (note5)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tsmpL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
Tsmpi(max)| Maximum Sampling Frequency LTC1286 ®| 125 kHz
LTC1298 e 11 kHz
tcony Conversion Time See Operating Sequence 12 CLK Cycles
tano Delay Time, CLK! to Dqyy Data Valid See Test Circuits L 250 600 ns
s Delay Time, CST to Doyt Hi-Z See Test Circuits ° 135 300 ns
ton Delay Time, CLKJ 1o Dgyy Enable See Test Gircuits ] 75 200 ns
thoo Time Output Data Remains Valid After CLK{ CLoap = 100pF 230 ns
i Dgyr Fall Time See Test Circuits ® 20 75 ns
t Doyt Rise Time See Test Circuits ® 20 75 ns
Cin Input Capacitance Analog Inputs, On Channel 20 pF
Analog Inputs, Off Channel 5 pF
Digital Input 5 pF

The @ denotes specifications which apply over the full operating
temperature range.

Note 1: Absolute maximum ratings are those values beyond which the life
of a device may be impaired.

Note 2: All voltage values are with respect to GND.

Note 3: These devices are specified at 5V. For 3V specified devices, see
LTC1285 and LTC1288.

Note 4: increased leakage currents at elevated temperatures cause the S/H
to droop, therefore it is recommended that fy ¢ > 120kHz at 85°C, fgy ¢ >
75kHz at 70° and fgy x > 1kHz at 25°C.

Note 5: Vg = 5V, Vper = 5V and CLK = 200kHz unless otherwise specified.

Note 6: Linearity error is specified between the actual end points of the
A/D transfer curve.

Note 7: Two on-chip diodes are tied to each reference and analog input
which will conduct for reference or analog input voltages one diode drop
below GND or one diode drop above V¢g. This spec allows 50mV forward
bias of either diode for 4.5V < Voe < 5.5V. This means that as long as the
reference or analog input does not exceed the supply voltage by more than
50mV the output code will be correct. To achieve an absolute OV to 5V
input voitage range will therefore require a minimum supply voltage of
4.950V over initial tolerance, temperature variations and loading. For 5.5V
< Vg < 9V, reference and analog input range cannot exceed 5.55V. I
reference and analeg input range are greater than 5.55V, the output code
will not be guaranteed to be correct.

Note 8: The supply voltage range for the LTC1286 is from 4.5V to 9V, but
the supply voitage range for the LTC1298 is only from 4.5V to 5.5V.

Note 9: Recommended operating conditions
Note 10: Channel leakage current is meastired after the channel selection.

TYPICAL PERFORMANCE CHARACTERISTICS

Shutdown Supply Current vs Clock

Supply Current vs Sample Rate Supply Current vs Temperature Rate with CS High and CS Low
1000 T TT 450 35 T
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