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Abstract

Several people are unlucky with veins that are hard to stick. Some of them just have small veins
that are hard to feel for and hard to get a needle into, other fat people tend to have their veins
buried deeper and are thus harder to find. In this case, phlebotomists need several tries to find the
vein and stick it properly, wasting their time and effort, and creating pain to these patients.

This project aims to build a portable vein finder, that uses visible and near infrared radiations
(NIR)light. The system will help the phlebotomists to explore the vein easily by applying a
visible and NIR wavelengths on the patient's arm.it will use processing unit to control light
intensity to provide the phlebotomists with the place of the patients vein within a one seconds.
Hence, reducing the patient pain, and saving phlebotomists effort and time.
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Introduction

Several medical imaging purposes are based on using near-infrared (NIR) window
,such as spectroscopy and tomography.In the70s,visualization of peripheral blood vessels
was explored by several researchers for the first time, using infrared (IR) photography or a
TV infrascope, these methods did not allow real-time visualization.

More recently, due to technological developments, new techniques have become
available to make real-time NIR imaging possible, mostly due to intension arrow band
visible and NIR light sources (light emitting diodes, LEDs) and cameras with a high
sensitivity for NIR light. The new methods of visualization of blood vessels were not
immediately used to facilitate peripheral venous or arterial access, but for biometric
identifications by vein patterns, monitoring of physiological parameters such as local blood
flow and oxygenation. However, more recently, several researchers have explored the
possibility of using visualization of blood vessels to facilitate peripheral venous or arterial
access.

At the start of the research described in this thesis, only the Vein finder at that
moment still a bulky device, and the Vascular Viewer were available, but rather expensive.
Therefore ,in this project the relatively low cost ,vascular imaging system based on trans
illumination of visible and NIR light.

1.1 Project idea description

During blood draw in the hospitals and medical clinics, sometime phlebotomists cannot find
properly the location of veins for dark skin and obesity patients. The idea of this project is to
design a vascular access medical device that can helpphlebotomists in finding the optimal
venipuncture site and avoid potential complications. The hemoglobin in our blood absorbs IR
light. A vein finder that shines IR light on skin causes veins to become much more visible to
the naked eye. IR is at the red of the color spectrum so we will design device include red
lamps as well as IR to make the light visible.

we well designed affordable and very portable device, where its good to use on both
children and adult. A small simulation of the original device by shedding wavelengths near
IR on the patient's arm , to operate it has only an on/off switch and runs off a AA batteries
,the batteries are predicted to last between (5_8) hours of continuous use, when they begin to
get low, the alarm on analog control it blinking .



1.2 Main objective

» Design of a portable medical device from the detection of veins in the for normal

people arms.

» Help the medical staff find the vein easily when blood samples are drawn especially
for people with dark to skin and obese.

* Reduce the patient’s pain and side effects resulting from the traditional search on the

vein.

* Provide the time and effort of medical staff lost in conventional vein search.

1.3 List of abbreviation

Table 1.1: List of Abbreviation

Abbreviation Full Meaning

\AY VeinViewer

NIR Near Infrared Red

LED Light Emitting Diodes
IR InfraRed

\/ Voltage

nm Nano meter

uv Ultra violet

DC Direct current




1.4 Budget

In this section a list of estimated cost of the project components is presented that are

uses in design device, this cost shown in table(1.2).

Type Price Quantity

Arduino Nano 409 1
LEDsCR5111A-WY 15$% 12
LED690-03AU 15% 12
LEDs ELD-650 15% 12
Datec-Pocket-Box 20% 1
RESISTOR 5% 36
Total price $110

Table 1.2:project Components Cost.

1.5 Time schedule

In this part show plan for the work project tasks and time schedule in the semester
,this time plan shown in the table (1.3) and table (1.4)




Weeks
Task

Collect
Information

Basic Design

Specification
Design

Documentation

Table 1.3: Timing Schedule of the First Semester.

Weeks
Task

Full Designing

Purchasing the
components

16

System
Implementation

System
analysis

Documentation

Table 1.4: Timing Schedule of the Second Semester.




Chapter 2

Anatomical and Physiological of the Skin

Skin is the outermost tissue of the body and the largest organ in terms of both weight
and surface area. It has an area of approximately 16,000cm2 for an adult and represents about
8% of the body weight. skin has a very complex structure that consists of many components
as shown in fig(2.1) . Cells, fibers and other components make up several different layers that
give skin a multi-layered structure. Veins, capillaries and nerves form vast networks inside
this structure. In addition ,hairs stick out from the inside of skin. Numerous fine hair are
scattered over the surface of skin.

Hair shaft

Fig 2.1: sectional schematic diagram of skin[1]



1.2 Skin anatomy

The largest organ of the body is the skin, which is multilayered with its three main
layers being epidermis, dermis and the subcutaneous layer, also called the hypodermis. Fig

(2.2) shows the section of skin. The epidermis is the outermost layer and does not contain
any blood vessels. It allows light to pass through it owing to its presence in the superficial
section of skin. The middle layer known as the dermis contains capillaries, glands and hair

follicles. Diffusion takes place between the dermis and epidermis to provide nutrient supply.
The hypodermis lying above the muscle and bone is the lowermost layer in the skin
consisting of fat cells, veins, arteries and nerves. The amount of subcutaneous fat in this layer
determines the penetration of light into tissue beneath it [2]. Children possess skin of lesser
thickness as compared to adults. The depth of epidermis ranges from 0.027 — 0.15mm and
that of dermis ranges from 0.6 — 3mm. The hypodermal thickness can be between 0 — 3mm
with the maximum in the abdomen [3].
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Fig 2.2: Section of human skin.[4]
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2.1.1 Epidermis

The epidermis is the outer layer of skin. The thickness of the epidermis varies in

different types of skin. It is the thinnest on the eyelids at 0.05 mm and the thickest on the

palms and soles at 1.5 mm. [5]

The epidermis contains 5 layers. The layers are named from bottom to top as shown

in figures (2.3):

Stratum Basale
Stratum Spinosum
Stratum Granulosum
Stratum Licidum

Stratum Corneum.

Stratum cormeurn

Stratum lucidurm

Stratum granuloswurm

Stratum spinocsum

Stratum basale

Fig 2.3: The Epidermis Layers[6]



2.1.2 Dermis

The dermis also varies in thickness depending on the location of the skin,as shown in
figure(2.4). 1t is 0.3 mm on the eyelid and 3.0 mm on the back. The types of dermis are: [7]

e Collagen
e Elastic tissue
e Reticular fibers

The dermis have three layers , this layers is: two layers of the dermis are the papillary and
reticular layers , the upper papillary layer, contains a thin arrangement of collagen fibers and
the lower reticular layer, is thicker and made of thick collagen fibers that are arranged
parallel to the surface of the skin.

\\——Elastic fiter
Epidermis — \\ \\——Couagen fiber
(0.1t0 0.3 mm)
\\ Hyaluronic acid
e | i Collagen
(1.0t0 3.0 mm) ) @7 Fibroblasts

Fig 2.4: Dermis[8]

2.1.3 Subcutaneous tissue

Is a layer of fat and connective tissue that houses larger blood vessels and nerves.
This layer is important is the regulation of temperature of the skin itself and the body. The
size of this layer varies throughout the body and from person to person.The skin is a
complicated structure with many functions. If any of the structures in the skin are not
working properly, a rash or abnormal sensation is the result. The whole specialty of
dermatology is devoted to understanding the skin, what can go wrong, and what to do if

something does go wrong. [9]



2.2 Skin physiology
The skin performs five main functions:
1. Regulation of body temperature
2. Protection
3. Sensation
4. Excretion

5. Synthesis of vitamin D

2.3 SKkin optics

Studying the phenomena of light transport in tissue will give a better understanding of
the working of the Vein finder system. Fig(2.5 ) depicts the scattering of light in human
tissue. The light beam that is incident on the skin undergoes absorption, scattering and
reflection by the various layers of tissue at different depths. The characteristics of light
propagation differ with respect to each layer in the skin. The reflection of light from the skin
surface is called specular reflection. Light that is specularly reflected does not permit light to
propagate through internal tissue and can thus add glare to a vein image.

1)

Light beam

- l Pal Reflection
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Fig 2.5: Propagation of light in various tissues.[10]

A three-compartment model of skin is considered which consists of epidermis, dermis and
subcutaneous layer. The epidermal layer absorbs some light and transmits light into the tissue
layers beneath it after scattering. A lot of scattering occurs in the dermis before it propagates
to the hypodermal layer while a part of the light is absorbed. Fat scatters a major portion of
light and absorbs very little. Some of the light reaching blood in the vessels is absorbed by
the hemoglobin present in it, while some is scattered mostly in the forward direction due to

the large size of the red blood cells. It has been reported that the blood in the veins is
dominated by deoxy-hemoglobin with the oxy-hemoglobin content concentration around
47% while that in the arteries contains more oxy-hemoglobin (90% — 95%) [2, 5]. Both types
of hemoglobin possess different light absorption properties as shown in Fig (2.6) [11]. Both
types exhibit almost the same absorption characteristics till the wavelength of 600nm. It can
be understood that the absorption of light by veins is higher than that by arteries between the
wavelengths of 600nm — 800nm. The curve falls rapidly for the deoxyhemoglobin while it
rises a little and then falls for the oxy-hemoglobin.

10000

1000

Absorption,p_lem™' ]
=

T O S S
300 500 700 900 1100
Wavdlength ]

Fig 2.6: Absorption of oxy and deoxy-hemoglobin of whole blood.[12]

Light at different wavelengths reaches different depths when it travels through tissue
as seen in Fig (2.7). The bars in Fig (2.7) indicate the extent of transmission of light in all
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layers of the skin at various wavelengths. Visible light wavelengths range from 400nm —
700nm while infrared(IR) wavelengths range from 700nm — 1000 nm. Light at wavelengths
between 300nm and 400nm reach only the epidermal and dermal sections of the skin which
do not contain any veins. Light at near-infrared(NIR) wavelengths (700 — 1000nm) is less
absorbed by other tissue and reaches the blood vessels in the subcutaneous tissue. The VV
utilizes this phenomenon to view veins which cannot be visualized in visible light. The
principle of working of the VVV system is based on tissue-light interaction in the body. The
clinical utility of the VV system determined from prior studies on pediatric subjects is also
discussed.

Fig2.7: Light propagation at different wavelengths in tissue.[13]
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Chapter 3

Interaction of Near Infrared with Tissue in Vein Finder

3.1 Electromagnetic spectrum

Wavelength, distance between corresponding points of two consecutive waves.
Corresponding points” refers to two points or particles in the same phase—i.e., points that
have completed identical fractions of their periodic motion. Usually, in transverse waves
(waves with points oscillating at right angles to the direction of their advance), wavelength is
measured from crest to crest or from trough to trough; in longitudinal waves (waves with
points vibrating in the same direction as their advance), it is measured from compression to
compression or from rarefaction to rarefaction. Wavelength is usually denoted by the Greek
letter lambda (1); it is equal to the speed (v) of a wave train in a medium divided by its
frequancy (f): A = v/f.

The order of colors in light, arranged from shortest wavelength to longest, is called the
visible spectrum of light. The figure(3.1) shows light's visible spectrum, which runs from
violet to red. You might recognize the spectrum as the order of colors in a rainbow.

000 Angstroms S000 Angatroms 6000 Angstrams TO00ANgSams

| |
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figure3.1:light's visible spectrum [13]

But light waves can also have wavelengths lower or higher than the wavelengths in the
visible spectrum, and many familiar types of radiation are just light waves with other
wavelengths. Ultraviolet light and x-rays have wavelengths shorter than violet light, and
infrared (heat) and radio waves have wavelengths longer than red light.

The full range of wavelengths for light is called the "electromagnetic spectrum.” The
figure(3.2) show which wavelength ranges in the electromagnetic spectrum correspond to
light types.

14
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Figure3.2:wavelength ranges in the electromagnetic spectrum correspond to which types of light.[14]

3.2 Near-Infrared Light

Near-infrared (NIR) light is electromagnetic radiation with a longer wavelength (from
650nm up to 3000nm) than visible light (350-660)nm, as depicted in figure (3.3) which
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shows ultraviolet (UV) light, visible (VIS) lightand near-infrared (NIR) light. The near-
infrared window is shown in grey). It is invisible to the human eye.

Cy3 Cy5 LI-COR LI-COR
(550 nm) (649 nm) IRDye® 680LT | IRDye® 800CW
(680 nm) (780 nm)

Visible Eluorophofes Infrared Fluorophores

400 600 800 1000

Wavelength (nm)

Figure3.3:Part of the electromagnetic spectrum [15]

Infrared waves are longer than those of visible light, just beyond the red end of the visible
spectrum. Infrared (IR) falls in the range of the (EM) spectrum between microwaves and
visible light. It has frequencies from about 3 GHz up to about 400 THz and wavelengths of
about 30 centimeters (12 inches) to 740 nanometers (0.00003 inches).

3.2.1 Visible light and near-Infrared Light interaction with biological
tissues

Behavior of (near-infrared) light in tissue is characterized mainly by two phenomena:
absorption and scattering as shown in figure( 3.4).A light particle(photon)can be absorbed
by molecules known as chromophores during interaction with tissue the photon can also be
redirected during interaction with molecules, which is called scattering. The amount of
absorption and scattering is wavelength and tissue (chromophore) dependent and is
determined respectively by the absorption coefficient pa and the scattering coefficient
ps[1].There is a preferred direction of scattering depending on wavelength and size of the
chromophores, described by anisotropy factor 1 (mean cosine scattering angle)[16].For the

amount of forward scattering, the reduced scattering coefficient n0 s is used, which is defined
as us(1—g).Figure(3.4) show saschematic view of an absorption event and a scattering event
when a photon interacts with a molecule.

16
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Figure 3. 4:Schematic view of an absorption event and a scattering event [16]

Blood vessels are covered by a layer of subcutaneous fat, followed by the dermis
and finally the epidermis. The epidermis is typically 0.1mm thick, while the dermis is about
0.5mm to a few millimeters thick, depending on anatomical location and patient
characteristics. The blood vessels are buried in the subcutaneous fat at a depth of up to a few
millimeters. The main chromophores are melanin ("brown’ pigment) and lipids in the
epidermis, and hemoglobin (in the red blood cells), water and lipids in the dermis and
subcutaneous fat[17]. Absorption by most of these chromophores is far less in the near-
infrared part as compared to the visible part of the spectrum. However, absorption by water
typically starts to increase above 900nm as shown in figure (3.5). The scattering behavior of
photons in tissue is usually described by Mie and Rayleigh scattering. Rayleigh scattering is
scattering by particles smaller than a tenth of the wavelength (such as cell organelles) and is
isotropic, while Mie scattering is scattering by particles larger than the wavelength (such as
collagen fibers) and is mainly forwardly orientated [18]. The amount of Mie and Rayleigh
scattering is inversely related to wavelength, but Rayleigh scattering decreases more rapidly.
Mie scattering is dominant in the near infrared spectrum and therefore most relevant to the
project purpose. The most important scatterers are collagen and fat in skin and hemoglobin in
blood[17]. If scattering is much higher than absorption, which is the case in most types of
tissue in the near-infrared spectrum,light becomes quickly isotropic, allowing for diff usion
theory to be used to calculate light transport in tissue [19].
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Figure 3.5: Absorption coefficient about wavelength[20]

The decreased absorption and scattering of chromophores,described above, leads to
a wavelength region between 650 to 1100nm in which deep tissue penetration is possible as
discussed in figure (3.3). At the low end of this region, absorption of hemoglobin and
melanin and scattering are high, while at the high end absorption of water is increasing
rapidly [21].The region in between is called the near-infrared window and enables
visualization of blood vessels, since the concentration of hemoglobin in blood vessels is high
enough to generate a large contrast between tissue and blood vessels.

3.2.2 Optimal wavelength for subsurface visualization of blood vessels

Blood vessels that are used for peripheral venous and arterial access are typically
located up to a few millimeters below the skin surface. The blood vessels are embedded in a
layer of subcutaneous adipose tissue, at a depth of 1 mm to several millimeters. On top, the
epidermis ( 0:1mm) is situated, followed by the dermis ( 1 mm).

The main chromophores in epidermis, dermis and subcutaneous adipose tissue are
melanin, blood (mostly hemoglobin), lipids and water. In the visible part of the spectrum,
melanin and hemoglobin are highly absorptive, counteracting deep tissue penetration. In the
Visible light and near infrared light part of the spectrum (600-880 nm), there is much less
absorption by

melanin and hemoglobin. However, above 900 nm, absorption of water is increasing,
again preventing deep tissue penetration. This creates a so-called “window” between600 to

18



880 nm, where deep tissue penetration with light is possible [22]. Scattering of light by tissue
is also an important factor in characterizing the depth of tissue penetration. In the NIR region
scattering is less than in the visible region, but it still causes a larger light attenuation than
absorption in light-tissue interaction.

The NIR window can be used to penetrate skin and subcutaneous adipose tissue up to a
depth of several centimeters. The absorption of NIR light by blood (hemoglobin) in the blood
vessels is still sufficient to generate a high contrast between blood vessels and surrounding

tissue, as can be seen in figure(3.6). A detailed description of the equations used to calculate
transmission of

light through tissue.
0.6 1
0.5 + light skin
olive skin
dark skin
ﬁ0'4 i very dark skin
=
0.3
‘W
k.
5
E 0.2 1 vein
0.1 4
O T T T T T T T
250 350 450 550 650 750 850 950

wavelength (nm)

Figure 3.6. Transmission (%) of light through different skin types
[22]

3.2.3Visualization of Blood Vessels with Visible Light and NIR Infrared

The Visible Light window is used for several medical imaging purposes ,such as
spectroscopy and tomography .In the70s,visualization of peripheral blood vessels was

explored by several researchers for the first time, using infrared photography or a TV infra
scope [23].The used methods did not allow real-time visualization.
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More recently, due to technological developments, new techniques have become available to
make real-time NIR imaging possible, mostly due to intension arrow band visible NIR light
sources (light emitting diodes, LEDs) and cameras with a high sensitivity for NIR light. The
new methods of visualization of blood vessels were not immediately used to facilitate

peripheral venous or arterial access, but for biometric identifications by vein patterns,
monitoring of physiological parameters such as local blood flow and oxygenation [24, 25].
However, more recently, several researchers have explored the possibility of using
visualization of blood vessels to facilitate peripheral venous or arterial access.

At the start of the research described in this thesis, only the V'V, at that moment still a bulky
device, and the Vascular Viewer were available, but rather expensive. Therefore, in this
project the relatively low cost, vascular imaging system based on trans illumination of
visible NIR light figure (3.6 ).

Figure 3.7 Veins in the hand of an adult woman, skin type I, with (left to right) the VeinViewer,
the AccuVein and the VascuLuminator[25]

3.2.4 Safety of Visible Light and NIR Light for Skin

Figure(3.7) shows the rise in temperature both by the NIR light itself, using a light
guide, and by the NIR LED in direct contact with the skin. As can be seen only a slight rise
in temperature of ~ 1°C is observed when the light guide was used. However, when the NIR
LED was placed directly in contact with the skin, the temperature rise is much higher (7°C),
because the LED itself generates much heat[26].
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Figure 3.8 Temperature rise of the tissue by NIR light guide and by the visible light in dir
contact. [26]

Temperature rise of the tissue by NIR light guide and by the visible light in direct

skin contact. Measurement of the light guide is shown by the solid line and of the LED in
skin contact by the dotted line. Vertical lines show the SD values. The light source was
turned on at 100 s. Environmental temperature was stable at 22.
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Chapter 4

System Design and Implementation

In this chapter, standard and recommended requirements of vein viewer circuit are
presented. Then according to these requirement, component selection criteria and brief
explanation of the selected component are discussed. Figure(4.1) depicts the main stages of

the system including NIR, visible light, power control, Analog control, Arduino and alarm .

The following section explain the selected component in each stage:

Set Point
Signal

l Condition

Arduino Signal
_— .
Condition

Signal

Condition

Fig4.1:System Block Diagram

Power

Supply 5V
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4.1 Hardware design

4.1.1Arduino

The Arduino Nano shown in fig (4.2) is chosen. It is an electronic board with a
microcontroller on the computer, but with less capabilities, outputs and inputs for digital and
analog signals, as well as a USB port for programming.

The Arduino Nano is programed to fulfill several tasks in the system, such as ,the first
function controlling the intensity of lighting to fat or black skin patients higher intensity of
light than the person with white skin or thin skin layer, we will design the program Arduino
to control the intensity of lighting, the second task is use to giving a warning when the
battery voltage is reduced and need replacement .

I Arduino Nano V 3.0 GRBL Pinout lPin diagram for Grbl v0.8 and v0.9
ATmega 328P

m Pinout Ref]
D13 Spidle Direction D13 \§ Kl D12 Spindle  Enable |D12
3v3 Not Used 3v3 BB ISl D11 Limit Z-Axis ~ |D141
VREF Not Used VREF LRSS - 2 D10 Limit Y-Axis  |D10
A0 Reset/ Abort A0 B3 « i} Limit X-Axis  |D9
A1 Feed Hold A1 AN % ) D8 Stepper Enable/Disable| D8
A2 Cycle Star/ Resume A2 (8 ,{,;.. 8k D7 Direction Z Axis D7
A3 Coolant Enable A3 ) & 4 D6 Direction Y Axis D6
Ad (Not Used/ Reserve) Ad [ 4 D5 Direction X Axis D5
A5 Probe A5 D4 Step Pulse Z Axis D4
A6 Not Used A6l 4N D3 Step Pulse Y Axis D3
A7 Not Used A7 M p2 Step Pulse X Axis D2
5V s AR M GND
RST £§ 2 RsT
GND RX1
VIN ¥, ™1

The main hardware Specifications of controller that taken in the account during the design

are .

Fig4.2:Arduino Nano [Appendix A]

* Microcontroller: ATmega328

* Operating Voltage: 5V

* Input Voltage (recommended):7-12V

* Input Voltage (limits): 6-20V




* Digital I/O Pins: 14 (of which 6 provide PWM output)
* Analog Input Pins: 6

* Clock Speed: 16 MHz

4.1.2 Analog control

In order to control the lighting in the circuit, a Potentiometer is chosen and connected
to the analog part in Arduino Nano as shown in FIG(4.3), the Arduino Nano is programed to
control the lighting by raising and lowering the value of the Potentiometer voltage.

""""""" % Connections:
Yellow AO = Middle connection
on potentiometer.
by Red =5V onArduino
Black = GND (ground) on Arduino

-------
nnnnnnn

------

Fig4.3:Potentiometer connected to in analog part of Arduino

Flow chart of designed system of Arduino shown in Fig(4.4):
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Fig 4.4 Flow chart design system of arduino
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4.1.3 NIF and visible LEDs (Digital Control )

According to the preceding study in Chapter 3,the best wavelength to penetrate the
forearm skin and reach the vein is623 -700 nm giving comfortable radiation to human body .

(CR5111A-WY ,and (ELD-650)and (LED690-03AU ) LEDs are chosen ,visible and infrared
light emitting diode uses high reliability liquid phase epitaxial grown GaAlAs. Optimized for
high power, high efficiency and provides the required wavelength(625-700) nm, the LEDs
connect in digital part of Arduino to give him power 5V and controller the LEDs light
intensity.

The (CR5111A-wWY) from Optec Technology is a round shape, high intensity red color LED
made of AlinGaP material 5*5mm and LED give the wave length 625nm. Its UV resistant
epoxy lens makes this LED an optimal solution for outdoor applications. To other
information review[Appendix B ].

The (ELD-650) is a reliable high speed red LED in standard 5*5 mm package with lens for
optimal beam focusing ,and LED give the wave length 650nm. To other information review
[Appendix C ].

The(LED690-03AU)is an AlGalnP LEDs mounted on a lead frame and encapsulated in an
epoxy lens. On forward bias, and LED give the wave length 690nm.To other information
review[Appendix D ].

A set of three LEDs was designed as shown in Fig (4.5), to sets of the same act is used in
final Design

| Digitat partfrem Arduine: -1l

ST i LBDs Ll |0 LEDs © ol |40 LEGs |
------------------ Cc B2&nm - - - - | - 8BS0 - | - - GBS 0mm -
DA A VU, ' DRI s S
ZZZ::ZZZZZZ:ZZ:::ZI.T.&ZZ:ZZ:ZZZ.I'a:::Z:ZZIZ};ZZ:ZZZ

Fig 4.5:Circuit LED’s connect with digital part from Arduino
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The resistance are required to CR5111A-WY is :

2.0
R=YV —
MaX I max

2.0
R=5-—>
70mA

R=42.8 Q) approximately 50 Q

The resistance are required to ELD-650-523 is :

R=YV —_—
MaX I max

1.9
R=5-——
40mA

R=77.5Q approximately 75 Q

The resistance are required to LED690-03AU s :

1.8
R=YV —_—
max—lmax

1.8
R=5-——
50mA

R=64Q) approximately 60 Q

Then when designed the coded of Arduino ,the voltage required between (2.5V-5V), so
Less of these voltages will cause this alarm to run.
4.1.4 Power supply and Datec-Pocket-Box

The voltage requirement of every major component is within the range of (3 volts to
36 volts ,therefore for portability, a (6-9V) is input to Arduino from DC chargeable battery is
used to power the circuit. Shown fig(4.7),and form Arduino get it 5V to turn on the LEDs.

L
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4
c
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J
]
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Figure(4.6):battery 1.5Volts
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The datec- pocket box is chosen, The attractive pocket-sized DATEC-POCKET-BOX
plastic enclosures offer a remarkable amount of technology in a minimum of space, as well
as sturdy construction.

Small pocket-box, robust, with high sealing capacity. Recessed control area for
membrane keyboards. Two screw pillars prepared for mounting PCBs in the base. Integrated
battery compartment for two 1.5 V lady cells (N). Protection class IP 54 for version with
sealing and sealing rings to be used in connection with the screw hole.

Battery Spacer This spacer, cut 50 x 25 mm, 4 mm thick, as shown in Fig (4.5) ,is made
of PE foam with one-sided adhesive coating. It serves to compensate for the differences in
height and to lock the mignon cells (AA) within the battery compartments which can also
hold a 9 V flat battery (PP3). Suitable for Datec-Pocket BOX.

Figure(4.7):Datec-Pocket-Box

4.5.1Control switch

It turn( on/off ) the system , is chosen a switch and chosen a rocker switch 65112-
BB-1V to control the device.

The 651122-BB-1V is a single-pole single-throw (SPST) sub-miniature Rocker Switch with
0.187-inch tab terminal, vertical molded-in legend and ON-OFF functionshown on
Figure(4.7) The 651 series switch fits in a standard rectangular cut-out and is designed to
provide ease of insertion along with superior panel retention qualities. A high profile rocker
contacts provide the user with a crisp positive-type feel.
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Fig 4.8: Rocker Switch

4.2 Software code

In this section implemented the Arduino Nano coded used to build system in
Appendix [E]

29



Chapter 5

System Implementation and Testing

In this chapter we discuss the construction and the results of the project are discussed
,a prototype system is implemented and tested in this chapter, the system are architecture of
the project is shown in figure (5.1) , core the dimension are 50mm long, and 47mm wide
begin the hole about 30mm above the battery holder, make it roughly centered on the
horizontal, and cut the front of enclosure, a rectangular hole 30mm*45mm in the front cover
of the enclosure, position the hole its bottom is about 7cm from the end of the enclosure.

Fig5.1 Image of prototype system.

The full design of device when connected all component ,and connect the system with

rocker switch to turn on/off the system and collect the component inside the Datec-Pocket-
Box .
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An implementation of each stage in the system is performed according to the system
requirements , initial implementation of the vein viewer was on board shown in figure (5.2).

The hardware and software components are then examined by doing the appropriate test for
each stage as will be discussed in the following sections.

5.1 LEDs and Resistors

The board is cut shape of like “U” and the LEDs are connected in the inner edge of it
to give suitable area to detect the vein and put it in the PCB board along the inner edge of the
center of hole, the anode lead nearest the center and connected him with VVcc from Arduino ,
The resistors connected with the cathode LEDs , initial implementation of the vein viewer was
on board shown in figure (5.2).

Fig 5.2:The LEDs on the blanc circuit board
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5.2: Arduino connection test

The Arduino Nano used in the system to control the system by controlling the light
LED up/down where the depth of vein, and give awarring when the batteg value is decreased
and need replacement . The code first task stage the potentiometer is connect to analog part
in Arduino Nano (A0) and is programmed connect to source and ground from the Arduino ..

The second task is use to give a warning when the value of the battery of a certain amount to
be replaced or returned or up the light by potentiometer.

The value in Analog part in Arduino from (0-1023)when written the code and calculate the
typical and max current for LEDs ,we found the rang value is suitable to work between (672-
1023) in analog part of Arduino to give me suitable light intensity show the Fig (5.3).

Fig.5.3: controlling light intensity and voltage using Arduino.
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Chapter 6
SOFTWARE IMPLEMENTATON

Image contrast enhancement plays a very important role in digital image processing. The aim
of image contrast enhancement is to produce the better image quality with improved
interpretability by changing the characteristics of original input image

In this chapter we will be shown processing images that resulting in ch5, using the matlab
software.

The processing step served two main purposes, the first was noise removal & smoothing ,the
second was contrast enhancement, which was necessary as the vein pattern was faint.

Histogram equalization is the most popular and widely used contrast enhancement technique
due to its accuracy and easy implementation. This technique flattens the probability
distributions and improves contrast of an input image by stretching the dynamic range of
gray levels

The processe by algorithm, this involves real time image acquisition followed by histogram
equalization bring out the region of interest, We tested the algorithm in MATLAB, The
corresponding VHDL code for color's to grey scale conversion and histogram equalization,
The flowchart of the algorithm tested in MATLAB simulation is given in fig (6.1).

Image using
NIR quhting

Convert color's

image to grey
scale imaae

\ 4

|
[ p—
[

equalaization
Y

N

Output display

J

Fig 6.1: flowchart of algorithm.
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The code for color's image to grey scale conversion and histogram equalization is :

[

% histogram equalisation

[

filename= 'vein.jpg'; % the filename to be read
im=imread (filename) ;

im=imresize (im, [256,256]);

im=rgb2gray (im) ;

figure (1) ;

subplot(2,2,1);

imshow (im) ;

subplot(2,2,2);

axis ('square');

colormap ('gray');

imhist (im) ;

im histeg=histeq(im) ;
figure(2);

subplot(1,2,1);

imshow (im_histeq); % display
$axis ('square') ;

colormap ('gray');

subplot (2,2, 3);
imhist (im histeq);

the original image & image processing shown in fig (6.2) & (6.3):

Fig 6.2:original image
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6.3: histogram image.

Histogram equalization is a process aimed at making image histogram more uniform and thus
improving image contrast.

We while apply the Gama Correction to increase the brightness level of a low contrast image
and this modifying the probability distribution of luminance pixels.

Adaptive gamma correction plays an effective role in further enhancement of medical images
after histogram equalization.

the process of gamma shown in code 6.2 and the results shown in fig(6.4):

I=imread('mm.jpg"')
Jl=imadjust (I, [],
J2=imadjust (I, [],
J3=imadjust (I, [],
imshow (J1) ;

subplot (221), imshow (I)
title('original Image');

subplot(2,2,2),imshow (J1)
title ('Gamma=4 ") ;
subplot (2,2, 3),imshow (J2)
title ('Gamma=2 "');
subplot(2,2,4),imshow (J3)
title('Gamma=0.2 ") ;
imhist (J2)

[(1,4);
(1,2);
[1,0.2)

’
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Fig 6.4: gamma implamentation

Adaptive gamma correction plays an effective role in further enhancement of medical images
after histogram equalization.
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Chapter 7

Results and Conclusions

7.1 Results and analysis

The output from the design can be seen as shown figure (6.1)

Fig 7.1:Test of the final shape of device
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The device was tested on a patient arm and gives a positive results and showed the vein
as shown in Figure (6.2) the black line in red area is the vein, the figure is small resolution
because the LEDs affect the negatively to the camera .

Fig 7.2: result of output device.

7.2 Discussions and conclusions

This technique has been found to be especially useful in different type skin where
veins are difficult to identify.

It’s feasible to consider routine use of these device to improve the safety dermal of pain and
any side effect about injections.
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In conclusion the imaging in NIR range (650_700)nm provides relative good contrast of
subcutaneous veins , and the use of NIR light vein viewer device for vascular access in
critically ill children can decrease the total medical time and cost , the device was well

received by our patients,, their families and staff.

7.3 Future work

e Portable robot venipuncture
e Vein finder device for android
e IR VV camera with software
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Jameco Part Number 312160

19-4452; Rev 4, 7/03

AKXV

Serially Interfaced, 8-Digit LED Display Drivers

General Description

The MAX7219/MAX7221 are compact, serial input/out-
put common-cathode display drivers that interface
microprocessors (UPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, multiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Only one external resistor is required to set the seg-
ment current for all LEDs. The MAX7221 is compatible
with SPI™  QSPI™ and MICROWIRE™, and has slew-
rate-limited segment drivers to reduce EMI.

A convenient 4-wire serial interface connects to all
common PPs. Individual digits may be addressed and
updated without rewriting the entire display. The
MAX7219/MAX7221 also allow the user to select code-
B decoding or no-decode for each digit.

The devices include a 150uA low-power shutdown
mode, analog and digital brightness control, a scan-
limit register that allows the user to display from 1 to 8
digits, and a test mode that forces all LEDs on.

For applications requiring 3V operation or segment
blinking, refer to the MAX6951 data sheet.

Applications
Panel Meters

Bar-Graph Displays

Features

10MHz Serial Interface

Individual LED Segment Control
Decode/No-Decode Digit Selection

150pA Low-Power Shutdown (Data Retained)
Digital and Analog Brightness Control
Display Blanked on Power-Up

Drive Common-Cathode LED Display

@ & & & o o o o

Slew-Rate Limited Segment Drivers
for Lower EMI (MAX7221)

4 SPI, QSPI, MICROWIRE Serial Interface (MAX7221)
4 24-Pin DIP and SO Packages

Ordering Information

PART TEMP RANGE  PIN-PACKAGE
MAX7219CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX7219CWG 0°C to +70°C 24 Wide SO
MAX7219C/D 0°C to +70°C Dice*

MAX7219ENG  -40°C to +85°C 24 Narrow Plastic DIP
MAX7219EWG  -40°C to +85°C 24 Wide SO
MAX7219ERG -40°C to +85°C 24 Narrow CERDIP

Industrial Controllers

LED Matrix Displays

Pin Configuration

TOP VIEW —
o [1] 24] DOUT
DiGo [2] 23] sec D
DiG 4 [3] 22] seG o
oo [4] A [21] seat
ools] YA ] o
DiG2 [ 6] 9] v+
D63 [7] 18] ISET
g7 [8] 17] sea
oo [o] [16] sea B
nic 5 [10] 15] SEGF
oig:1 [11] 14] Se6 A
L0AD (€3) [12] 3] ok
() MAX7221 ONLY DIP/SO

Ordering Information continued at end of data sheet.
*Dice are specified at Ta = +25°C.

Typical Application Circuit

MOSI

+5V
4
19

953k Vi

ISeT DIG 0-DIG 7

INAXIMN
1 MAX7219

uP 10

DN wax7221
12 —

SCK

LOAD (C)
k] P SEG A-G,

() MAX7221 ONLY

9 SEGDP

8 DIGITS

GND GND
4

8-DIGIT P DISPLAY

8 SEGMENTS

SPI and QSPI are trademarks of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp.

MAXIN

Maxim Integrated Products

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage (with respect to GND)

Ve -0.3Vto 6V MAX7219C_G/MAX7221C_G
DIN, CLK, LOAD, CS ..o -0.3Vto 6V MAX7219E_G/MAX7221E_G
Al Other PinS.....oooiiiiiiic -0.3Vto (V+ + 0.3V) Storage Temperature Range
Current Lead Temperature (soldering, 10s)
DIGO-DIG7 Sink CUITENt ..o 500mA
SEGA-G, DP Source Current.........cccccoeviiieiiiiiiiae 100mA
Continuous Power Dissipation (Ta = +85°C)
Narrow Plastic DIP (derate 13.3mW/°C
ADOVE +70°C) ..ot 1066mW
Wide SO (derate 11.8mW/°C above +70°C)................. 941mW

Operating Temperature Ranges (TMIN to TMAX)

Narrow CERDIP (derate 12.5mW/°C above +70°C) ...1000mW

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ =5V £10%, RseT = 9.53kQ £1%, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Supply Voltage V+ 4.0 55 \
Shutdown Supply Current |+ All digital inputs at V+ or GND, Ta = +25°C 150 pA

RSET = open circuit 8
Operating Supply Current I+ All segments and decimal point on, mA

330

ISEG_ = -40mA
Display Scan Rate fosc 8 digits scanned 500 800 1300 Hz
Digit Drive Sink Current IpigiIT | V+ =5V, VouTt = 0.65V 320 mA
Segment Drive Source Current ISEG Ta = +25°C, V+ =5V, Vout = (V+ - 1V) -30 -40 -45 mA
Segment Current Slew Rate B o B _ )
(MAX7221 only) AISEG/AL | Ta = +25°C, V+ = 5V, VouT = (V+ - 1V) 10 20 50 mA/us
Segment Drive Current Matching|  AlSEG 3.0 %
Digit Drive Leakage - _
(MAX7221 only) IpigiT | Digit off, VDIGIT = V+ -10 pA
Segment Drive Leakage _
(MAX7221 only) ISEG Segment off, VSeg = OV 1 pA
Digit Drive Source Current . _
(MAX7219 only) IpigiT | Digit off, VpigIT = (V+ - 0.3V) -2 mA
Segment Drive Sink Current _
(MAX7219 only) ISEG Segment off, Vseg = 0.3V 5 mA
2 W AXIW




Serially Interfaced, 8-Digit LED Display Drivers

ELECTRICAL CHARACTERISTICS (continued)

(V+ =5V £10%, RseT =9.53kQ £1%, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER l SYMBOL l CONDITIONS MIN TYP MAX | UNITS
LOGIC INPUTS
LngXtD?é—gent DIN, CLK, v, i | VIN=0V or V+ -1 1 PA
Logic High Input Voltage VIH 3.5 \Y
Logic Low Input Voltage ViL 0.8 \
Output High Voltage VOH DOUT, IsouRCE = -1TmA V+ -1 V
Output Low Voltage VoL DOUT, IsiNk = 1.6mA 0.4 \
Hysteresis Voltage AV DIN, CLK, LOAD, CS 1 v
TIMING CHARACTERISTICS
CLK Clock Period tcp 100 ns
CLK Pulse Width High tCH 50 ns
CLK Pulse Width Low toL 50 ns
CSFall to SCLK Rise Setup Time tcss o5 ns
(MAX7221 only)
CLK Rilse to CS or LOAD Rise tos 0 ns
Hold Time
DIN Setup Time tDS 25 ns
DIN Hold Time tDH 0 ns
Output Data Propagation Delay tDo CLoAD = 50pF 25 ns
e e ™| oo o -
M'inimum CS or LOAD Pulse tosw 50 ns
High
Data-to-Segment Delay tDSPD 2.25 ms

MAXIMN 3
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

Typical Operating Characteristics
(V+ = +5V, Ta = +25°C, unless otherwise noted.)

SCAN FREQUENCY vs. SEGMENT DRIVER OUTPUT CURRENT
POSITIVE SUPPLY VOLTAGE vs. OUTPUT VOLTAGE

830 = 70 o

820 s o I 2
L 2 _ \\ Reer = 10k :
= 800 — ) ~—
25 = \\
S 790 = N~
= 2 -
S 780 3 RsET = 20kQ
i 70 5 30 i
<ZE & \\\
S 760 3 2 - N

. RseT = 40kQ ~N
Te—

750 . *

740 10

730 0

40 44 48 52 56 6.0 0 1 2 3 4 5
POSITIVE SUPPLY VOLTAGE (V) OUTPUT VOLTAGE (V)
MAX7219 MAX7221

SEGMENT OUTPUT CURRENT SEGMENT OUTPUT CURRENT

MAXIMUM INTENSITY = 15/16

10mA/div 10mA/div : :
0 U 0 U

Sus/div 5us/div

MAXIMUM INTENSITY = 31/32

MAX7219/21 03
MAX7219/21 04
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Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK'’s rising edge.
5358 Eight-Digit Drive Lines that sink current from the display common cathode. The MAX7219 pulls
’1 O‘ 11 ’ DIG 0-DIG 7 the digit outputs to V+ when turned off. The MAX7221’s digit drivers are high-impedance when
' turned off.
4,9 GND Ground (both GND pins must be connected)
LOAD Load-Data Input. The last 16 bits of serial data are latched on LOAD’s rising edge
Y’ (MAX7219) put. g edge.
CS Chip-Select Input. Serial data is loaded into the shift register while CS is low. The last 16 bits of
(MAX7221) serial data are latched on CS’s rising edge.
Serial-Clock Input. 10MHz maximum rate. On CLK'’s rising edge, data is shifted into the inter-
13 CLK nal shift register. On CLK's falling edge, data is clocked out of DOUT. On the MAX7221, the
CLK input is active only while CS is low.
14-17 SEG A-SEG G Seven Segment Drives and Decimal Point Drive that source current to the display. On the
’ ' MAX7219, when a segment driver is turned off it is pulled to GND. The MAX7221 segment dri-
20-23 DP o
vers are high-impedance when turned off.
18 ISET Connect to Vpp through a resistor (RsgT) to set the peak segment current (Refer to Selecting
RseT Resistor section).
19 V+ Positive Supply Voltage. Connect to +5V.
o4 DOUT Serial-Data Output. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is used
to daisy-chain several MAX7219/MAX7221’s and is never high-impedance.
Functional Diagram
SEG A-SEG G, DP DIG 0-DIG 7
I N I T I B I
SEGMENT DRIVERS | | DIGITDRIVERS
A 4 f A i A 8
A8 o[ SHUTOOWNREGISTER |—
CODEB |-
" ROM WITH >  MODEREGISTER |NPTS[1§E|TY
BYPASS | INTENSITY REGISTER [——» WIDTH
Reer A | SCAN-LIMIT REGISTER MODULATOR
SEGMENT 8 | DISPLAY-TEST REGISTER
—— CURRENT 8x8
REFERENCE DUAL-PORT [ MULTIPLEX
SRAM T—> SCAN —
Y ADDRESS CIRCUITRY
. 8 8 REGISTER
LOAD (CS) ™ DECODER
/\\ -
piN »——— Do | 1| 02| 03|04 05 [ 06 [ 07 | D8 | D9 [D10|D11[D12[D13[D14|D15] "9 DOUT
R EEEEEEEEEENEEN
(LSB) (MSB)
() MAX7221 ONLY

MAXIMN 5
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

CS \
OR LOAD

1 T
1 1
1 1

1 1
—>iloss e— e to o
1
1 :
J 1,
1

CLK ) \ A \

o YA
X

1
—{LDcK—
=~

- DT

—>: tpo :4—

Figure 1. Timing Diagram

Table 1. Serial-Data Format (16 Bits)

D15 | D14 | D13 | D12 | D11 \Dm\ D9 \ D8

D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO

X X X X ADDRESS

MSB DATA LSB

Detailed Description

MAX7219/MAX7221 Differences
The MAX7219 and MAX7221 are identical except for
two parameters: the MAX7221 segment drivers are
slew-rate limited to reduce electromagnetic interfer-
ence (EMI), and its serial interface is fully SPI compati-
ble.

Serial-Addressing Modes
For the MAX7219, serial data at DIN, sent in 16-bit
packets, is shifted into the internal 16-bit shift register
with each rising edge of CLK regardless of the state of
LOAD. For the MAX7221, CS must be low to clock data
in or out. The data is then latched into either the digit or
control registers on the rising edge of LOAD/CS.
LOAD/CS must go high concurrently with or after the
16th rising clock edge, but before the next rising clock
edge or data will be lost. Data at DIN is propagated
through the shift register and appears at DOUT 16.5
clock cycles later. Data is clocked out on the falling
edge of CLK. Data bits are labeled DO-D15 (Table 1).
D8-D11 contain the register address. DO-D7 contain
the data, and D12-D15 are “don’t care” bits. The first
received is D15, the most significant bit (MSB).

Digit and Control Registers
Table 2 lists the 14 addressable digit and control regis-
ters. The digit registers are realized with an on-chip,
8x8 dual-port SRAM. They are addressed directly so
that individual digits can be updated and retain data as
long as V+ typically exceeds 2V. The control registers
consist of decode mode, display intensity, scan limit
(number of scanned digits), shutdown, and display test
(all LEDs on).

Shutdown Mode
When the MAX7219 is in shutdown mode, the scan oscil-
lator is halted, all segment current sources are pulled to
ground, and all digit drivers are pulled to V+, thereby
blanking the display. The MAX7221 is identical, except
the drivers are high-impedance. Data in the digit and
control registers remains unaltered. Shutdown can be
used to save power or as an alarm to flash the display by
successively entering and leaving shutdown mode. For
minimum supply current in shutdown mode, logic inputs
should be at ground or V+ (CMOS-logic levels).

Typically, it takes less than 250us for the MAX7219/
MAX7221 to leave shutdown mode. The display driver
can be programmed while in shutdown mode, and
shutdown mode can be overridden by the display-test
function.

MAXIMN




Serially Interfaced, 8-Digit LED Display Drivers

Table 2. Register Address Map

ADDRESS HEX

REGISTER | D15- | 11 | p1o| Do | D8 | CODE
D12

No-Op X o | o 0 | oxxo
Digit 0 X o | o 1 | oxx1
Digit 1 X o | o 1] o oxxe
Digit 2 X o | o | 1 1 | oxx3
Digit 3 X o | 1] o] o oxxa
Digit 4 X o | 1 [ o] 1 oxxs
Digit 5 X 0 | 1 1 | o | oxxe
Digit 6 X 0 | 1 1 1 | oxx7
Digit 7 X 1 1 o] ol o oxxs
E/lizoede X 1 1o | o | 1| oxxo
Intensity X 1 1 0 OxXA
Scan Limit X 1 1 1 0xXB
Shutdown X 1 1 0 0 0xXC
?;SS‘?'&V X 1 1 1 1 | OxxF

Initial Power-Up
On initial power-up, all control registers are reset, the
display is blanked, and the MAX7219/MAX7221 enter
shutdown mode. Program the display driver prior to
display use. Otherwise, it will initially be set to scan one
digit, it will not decode data in the data registers, and
the intensity register will be set to its minimum value.

Decode-Mode Register
The decode-mode register sets BCD code B (0-9, E, H,
L, P, and -) or no-decode operation for each digit. Each
bit in the register corresponds to one digit. A logic high
selects code B decoding while logic low bypasses the
decoder. Examples of the decode mode control-regis-
ter format are shown in Table 4.

When the code B decode mode is used, the decoder
looks only at the lower nibble of the data in the digit
registers (D3-D0), disregarding bits D4-D6. D7, which
sets the decimal point (SEG DP), is independent of the
decoder and is positive logic (D7 = 1 turns the decimal
point on). Table 5 lists the code B font.

When no-decode is selected, data bits D7-DO corre-
spond to the segment lines of the MAX7219/MAX7221.
Table 6 shows the one-to-one pairing of each data bit
to the appropriate segment line.

Table 3. Shutdown Register Format (Address (Hex) = 0xXC)

REGISTER DATA
MODE ADDRESS CODE
(HEX) D7 D6 D5 D4 D3 D2 D1 DO
Shutdown 0XXC X X X X X X X 0
Mode
Normal OXXC X X X X X X X 1
Operation

Table 4. Decode-Mode Register Examples (Address (Hex) = 0xX9)

REGISTER DATA HEX
DECODE MODE

D7 D6 D5 D4 D3 D2 D1 DO CODE
No decode for digits 7-0 0 0 0 0 0 0 0 0 0x00
Code B decode for digit 0
No decode for digits 7—1 0 0 0 0 0 0 0 ! 0x01
Code B decode for digits 3-0
No decode for digits 7-4 0 0 0 0 ! ! 1 ! OxOF
Code B decode for digits 7-0 1 1 1 1 1 1 1 1 OxFF

N AXIMW 7
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Serially Interfaced, 8-Digit LED Display Drivers

Table 5. Code B Font

REGISTER DATA ON SEGMENTS =1
7-SEGMENT
CHARACTER | p7* | D6-D4 | D3 D2 D1 DO | DP* A B c D E F G
0 X 0 0 0 0 1 1 1 1 1 1 0
1 X 0 0 0 1 0 1 1 0 0 0 0
2 X 0 0 1 0 1 1 0 1 1 0 1
3 X 0 0 1 1 1 1 1 1 0 0 1
4 X 0 1 0 0 0 1 1 0 0 1 1
5 X 0 1 0 1 1 0 1 1 0 1 1
6 X 0 1 1 0 1 0 1 1 1 1 1
7 X 0 1 1 1 1 1 1 0 0 0 0
8 X 1 0 0 0 1 1 1 1 1 1 1
9 X 1 0 0 1 1 1 1 1 0 1 1
— X 1 0 1 0 0 0 0 0 0 0 1
E X 1 0 1 1 1 0 0 1 1 1 1
H X 1 1 0 0 0 1 1 0 1 1 1
L X 1 1 0 1 0 0 0 1 1 1 0
P X 1 1 1 0 1 1 0 0 1 1 1
blank X 1 1 1 1 0 0 0 0 0 0 0
*The decimal point is set by bit D7 = 1
Table 6. No-Decode Mode Data Bits and Intensity Control
c di S t Li and Interdigit Blanking
orresponding segment Lines The MAX7219/MAX7221 allow display brightness to be
A controlled with an external resistor (RSET) connected
] between V+ and ISET. The peak current sourced from
the segment drivers is nominally 100 times the current
FD DB entering ISET. This resistor can either be fixed or vari-
G able to allow brightness adjustment from the front
[] STANDARD 7-SEGMENT LED panel. Its minimum value should be 9.53kQ, which typi-
cally sets the segment current at 40mA. Display bright-
E c i :
ness can also be controlled digitally by using the
—J O |n.telnS|ty register. . | . |
D DP Digital control of display brightness is provided by an
internal pulse-width modulator, which is controlled by
REGISTER DATA the lower nibble of the intensity register. The modulator
scales the average segment current in 16 steps from a
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO maximum of 31/32 down to 1/32 of the peak current set
Corresponding | 1o | A | g clolelrla by RseT (15/16 to 1/16 on MAX7221). Table 7 lists the
Segment Line intensity register format. The minimum interdigit blank-

ing time is set to 1/32 of a cycle.
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Table 7. Intensity Register Format (Address (Hex) = 0xXA)

DUTY CYCLE HEX
D7 D6 D5 D4 D3 D2 D1 DO
MAX7219 MAX7221 CODE
(rr:i{wsgn) (m1ii11§n) X X X X 0 0 0 0 0xX0
3/32 2/16 X X X X 0 0 0 1 O0xX1
5/32 3/16 X X X X 0 0 1 0 0xX2
7/32 4/16 X X X X 0 0 1 1 0xX3
9/32 5/16 X X X X 0 1 0 0 OxX4
11/32 6/16 X X X X 0 1 0 1 0xX5
13/32 7/16 X X X X 0 1 1 0 0xX6
15/32 8/16 X X X X 0 1 1 1 OxX7
17/32 9/16 X X X X 1 0 0 0 0xX8
19/32 10/16 X X X X 1 0 0 1 0xX9
21/32 11/16 X X X X 1 0 1 0 OxXA
23/32 12/16 X X X X 1 0 1 1 OxXB
25/32 13/16 X X X X 1 1 0 0 0xXC
27/32 14/16 X X X X 1 1 0 1 OxXD
29/32 15/16 X X X X 1 1 1 0 OxXE
31/32 (n1:>/<1§n) X X X X 1 1 1 1 OxXF
Table 8. Scan-Limit Register Format (Address (Hex) = 0xXB)
SCAN LIMIT REGISTER DATA HEX
D7 D6 D5 D4 D3 D2 D1 DO CODE
Display digit 0 only* X X X X X 0 0 0 0xX0
Display digits 0 & 1~ X X X X X 0 0 1 OxX1
Display digits 0 1 2~ X X X X X 0 1 0 0xX2
Display digits 012 3 X X X X X 0 1 1 0xX3
Display digits0 1234 X X X X X 1 0 0 OxX4
Display digits 012345 X X X X X 1 0 1 0xX5
Display digits0123456 X X X X X 1 1 0 OxX6
Display digits01234567 X X X X X 1 1 1 OxX7

*See Scan-Limit Register section for application.

Scan-Limit Register
The scan-limit register sets how many digits are dis-
played, from 1 to 8. They are displayed in a multiplexed
manner with a typical display scan rate of 800Hz with 8
digits displayed. If fewer digits are displayed, the scan
rate is 8fosc/N, where N is the number of digits

MAXIMN

scanned. Since the number of scanned digits affects
the display brightness, the scan-limit register should
not be used to blank portions of the display (such as
leading zero suppression). Table 8 lists the scan-limit
register format.
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If the scan-limit register is set for three digits or less,
individual digit drivers will dissipate excessive amounts
of power. Consequently, the value of the RSgT resistor
must be adjusted according to the number of digits dis-
played, to limit individual digit driver power dissipation.
Table 9 lists the number of digits displayed and the
corresponding maximum recommended segment cur-
rent when the digit drivers are used.

Display-Test Register
The display-test register operates in two modes: normal
and display test. Display-test mode turns all LEDs on
by overriding, but not altering, all controls and digit reg-
isters (including the shutdown register). In display-test
mode, 8 digits are scanned and the duty cycle is 31/32
(15/16 for MAX7221). Table 10 lists the display-test reg-
ister format.

Table 9. Maximum Segment Current for
1-, 2-, or 3-Digit Displays

MAXIMUM SEGMENT
CURRENT
(mA)

10
20
30

NUMBER OF DIGITS
DISPLAYED

Table 10. Display-Test Register Format
(Address (Hex) = 0xXF)

REGISTER DATA
MODE
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Normal X [ x| x| x| x| x|x/|o
Operation
Display Test X X X X X X X ’
Mode

Note: The MAX7219/MAX7221 remain in display-test mode
(all LEDs on) until the display-test register is reconfigured
for normal operation.

No-Op Register
The no-op register is used when cascading MAX7219s
or MAX7221s. Connect all devices’ LOAD/CS inputs
together and connect DOUT to DIN on adjacent
devices. DOUT is a CMOS logic-level output that easily
drives DIN of successively cascaded parts. (Refer to
the Serial Addressing Modes section for detailed infor-
mation on serial input/output timing.) For example, if
four MAX7219s are cascaded, then to write to the

10

fourth chip, sent the desired 16-bit word, followed by
three no-op codes (hex 0xXXOX, see Table 2). When
LOAD/CS goes high, data is latched in all devices. The
first three chips receive no-op commands, and the
fourth receives the intended data.

Applications Information

Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10uF electrolytic and a 0.1uF
ceramic capacitor between V+ and GND as close to
the device as possible. The MAX7219/MAX7221 should
be placed in close proximity to the LED display, and
connections should be kept as short as possible to
minimize the effects of wiring inductance and electro-
magnetic interference. Also, both GND pins must be
connected to ground.

Selecting RseT Resistor and
Using External Drivers
The current per segment is approximately 100 times
the current in ISET. To select RSgT, see Table 11. The
MAX7219/MAX7221’s maximum recommended seg-
ment current is 40mA. For segment current levels
above these levels, external digit drivers will be need-
ed. In this application, the MAX7219/MAX7221 serve
only as controllers for other high-current drivers or tran-
sistors. Therefore, to conserve power, use RSET = 47kQ
when using external current sources as segment dri-
vers.

The example in Figure 2 uses the MAX7219/MAX7221’s
segment drivers, a MAX394 single-pole double-throw
analog switch, and external transistors to drive 2.3”
AND2307SLC common-cathode displays. The 5.6V
zener diode has been added in series with the decimal
point LED because the decimal point LED forward volt-
age is typically 4.2V. For all other segments the LED
forward voltage is typically 8V. Since external transis-
tors are used to sink current (DIG 0 and DIG 1 are used
as logic switches), peak segment currents of 45mA are
allowed even though only two digits are displayed. In
applications where the MAX7219/MAX7221’s digit dri-
vers are used to sink current and fewer than four digits
are displayed, Table 9 specifies the maximum allow-
able segment current. RSET must be selected accord-
ingly (Table 11).

Refer to the Power Dissipation section of the Absolute
Maximum Ratings to calculate acceptable limits for
ambient temperature, segment current, and the LED
forward-voltage drop.
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Table 11. RSET vs. Segment Current and
LED Forward Voltage

VLED (V)

ISEG(MA) 25 T 20 | 25 | 30 | 35
40 122 | 118 | 110 | 106 | 969
30 178 | 171 | 158 | 150 | 140
20 208 | 280 | 259 | 245 | 226
10 667 | 637 | 593 | 554 | 512

Computing Power Dissipation
The upper limit for power dissipation (PD) for the
MAX7219/MAX7221 is determined from the following
equation:

PD = (V + x 8mA) + (V+ - VLED)(DUTY x ISEG x N)
where:

V+ = supply voltage

DUTY = duty cycle set by intensity register

N = number of segments driven (worst case is 8)

VLED = LED forward voltage

ISEG = segment current set by RSET
Dissipation Example:

ISEG = 40mA, N = 8, DUTY = 31/32, VLED = 1.8V at
40mA, V+ = 5.25V

PD = 5.25V(8mA) + (5.25V - 1.8V)(31/32 x
40mA x 8) = 1.11W

Thus, for a CERDIP package (6JA = +80°C/W from
Table 12), the maximum allowed ambient temperature
Ta is given by:
TIMAX) = TA + PD x 6JA + 150°C = TA +1.11W x
80°C/W
where Ta = +61.2°C.

The Ta limits for PDIP and SO Packages in the dissipation
example above are +66.7°C and +55.6°C, respectively.

MAXIMN

Table 12. Package Thermal Resistance
Data

PACKAGE THERMAL RESISTANCE
(64n)
24 Narrow DIP +75°C/W
24 Wide SO +85°C/W
24 CERDIP +80°C/W

Maximum Junction Temperature (TJ) = +150°C

Maximum Ambient Temperature (Ta) = +85°C

Cascading Drivers
The example in Figure 3 drives 16 digits using a 3-wire
pP interface. If the number of digits is not a multiple of
8, set both drivers’ scan limits registers to the same
number so one display will not appear brighter than the
other. For example, if 12 digits are need, use 6 digits
per display with both scan-limit registers set for 6 digits
so that both displays have a 1/6 duty cycle per digit. If
11 digits are needed, set both scan-limit registers for 6
digits and leave one digit driver unconnected. If one
display for 6 digits and the other for 5 digits, the sec-
ond display will appear brighter because its duty cycle
per digit will be 1/5 while the first display’s will be 1/6.
Refer to the No-Op Register section for additional infor-
mation.

11
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AND2307SLC AND2307SLC
> ™ ANODE DP > I"ANODE DP
"} ANoDE A T ANODE A
3 ANODEF S ANODEF
18 ANODE B 12 ANODE B
ANODE G ANODE G
3 ANODE C ‘2‘ ANODE C
3 ANODE E 0 ANODE E
1N55248 ANODE D ANODE D
5.6V 15% CATHODE CATHODE
8 8
2 SEGD
2
U SEGG
18] g MAXxam 5V
15 MAX7219 19
SEGF Va . 47kQ
71 MAX7221 01 ¢ X
z AR Y
SEG DP 30k ‘%
s 18 6] "
GND IsFT p 4
9 GND <. 7 NC1 3
— | NC2 cONT IRF540
= 1 2 1] maxxam
DAT/-!N >—12 DIN DIGO 11- 0 1IN MAX394
LOAD(CS)>—13 LOAD (CS) DIG 1 7| IN2 comz |
CLOCK ———— CLK MO
NO2
5
*4.7kQ PULLUP REQUIRED FOR MAX7221 5V 4| IRF540
() MAX7221 ONLY

Figure 2. MAX7219/MAX7221 Driving 2.3in Displays
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ooooo0000 oQoooo0000
U R R R IR RN U.U.U.Lj
I ) O I ) I
C C
8 8 8 8
DATAIN B DIN DOUT DIN DOUT
o oo se6D |-o o nico SE6D |-o
o064 SEGDP |—o o nic4 SEG DP |—@
GND SEGE |—o GND SEGE |—o
- T SEGC |- v o Dig6 SEGC | v
o2 Vi — - e Ve s —
W T ISET 01uF | o1 piG3 ISET W/—T 01F
¢ Dig7 SEGG |—e 993K g o DiG7 SEGG e 953k g
GND SEGB |—o GND SEGB |—o
—L o065 SEGF |—o L ¢ s SEGF |—o
~ gt SEG A |- MAXI/MN - g1 SEG A | AMAXIMN
l_ LOAD (©9) CLK | mgg‘; |— LOAD (©9) CLK f— %%E?
LOAD DATA »—@
() MAX7221 ONLY CLOCK B

Figure 3. Cascading MAX7219/MAX7221s to Drive 16 Seven-Segment LED Digits
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__Ordering Information (continued)

Chip Topography

PART TEMP RANGE PIN-PACKAGE
MAX7221CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX7221CWG 0°C to +70°C 24 Wide SO
MAX7221C/D 0°C to +70°C Dice*

MAX7221ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX7221EWG  -40°C to +85°C 24 Wide SO
MAX7221ERG -40°C to +85°C 24 Narrow CERDIP

*Dice are specified at Ta = +25°C.
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GND DIG7 DIG3 DIG2 DIG6 GND

DIG1— — B——oGo

LOAD M 0.093"
% 1 B} on 2.36mm)
cLK—ﬂ’—I ‘ -2 pout

SEGA— B SEGD

mimiy®

i ‘ B
SEG B ‘ ISET SEGC SEG DP
SEG G SEG E
0.080"
- (2.03mm)

TRANSISTOR COUNT: 5267
SUBSTRATE CONNECTED TO GND
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Serially Interfaced, 8-Digit LED Display Drivers

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

(%]
o]
INCHES MILLIMETERS S
N _ DIM| MIN | MAX | MIN | MAX 3
H H H H H H H H A | 0093 | 0104 | 235 | 265
A1 | 0004 | 0012 | 0.10 | 0.30
B | 0014 | 0019 | 035 | 049
C | 0009 | 0013 | 023 | 032
£ M e 0.050 1.27
E | 0291 [ 0299 | 740 | 7.60
H | 0394 | 0419 | 10.00 | 10.65
o L [o0o016 [ 0050 | 040 | 1.27
A\
E‘ H H H H H H H—_ VARIATIONS:
INCHES MILLIMETERS
TOP VIEW oM MIN [ mAx | mIN | mMAX [N [ms013
D | 0398 | 0413 | 10.10 | 1050 [16] AA
D | 0447 | 0463 | 1135 | 11.75 [18] AB
D | 0496 | 0512 | 1260 | 13.00 |20| AC
D | 0598 | 0.614 | 1520 | 1560 |24| AD
D D | 0697 | 0.713 | 17.70 | 18.10 |28| AE

s TERCY

ol e Nd T CW] LL

FRONT VIEW
SIDE VIEW
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH. »,
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.0067). EDs?rﬁt!illﬁéosR/VI/JKI/VI
3. LEADS TO BE COPLANAR WITHIN 0.10mm (.004”). PROPRIETARY INFORMATION
4. CONTROLLING DIMENSION: MILLIMETERS. TITLE
S. MEETS JEDEC MSO013. PACKAGE OUTLINE, .300" SOIC
6' N = NUMBER OF PINS' APPROVAL DOCUMENT CONTROL NO. REV. 1
21-0042 B

MAXIMN 15
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

Package Information (continued)
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

LCCLXVIN/6LCLXVIN

N
E
D ‘ ~—E1—
b -
A A2 _f
4—,*- A3
Loar i \Z"l 0--15- '\,‘E
—le — - B1 ¢
-B eA—
eB
INCHES MILLIMETERS INCHES MILLIMETERS
MIN | MAX [ MIN | MAX MIN | MAX | MIN | MAX | N_[uS001
A|l—-—— 10180 [ -——— [4.572] |D [0.348]0.390] 884 | 9.91 [8 |AB
A1]10.015 |-—— [0.38 | ——— D |0.735|0.765[18.67 [19.43 |14 |AC
A2|0.125 (0175 [3.18 [4.45 D 10.745|0.765[18.92 [19.43 |16 |[AA
A3]0.055 |0.080 [1.40 [2.03 D 10.885[0.915 [22.48(|23.24|18 |[AD
B [0.015 |0.022 [0.381 [0.96 D [1.015 [1.045 [25.78[26.54|20 |AE
B1]0.045 |0.065 [1.14 [1.65 D114 [1.265 [28.96|32.13 |24 |AF
C 10.008 |0.014 (0.2 0.355| [D [1.360 |1.380 [34.54[35.05|28|*5
D1(0.005 |0.080 [0.13 [2.03
E 10.300 10.325[7.62 [8.26 NOTES:
F1]0.24010.310 (610 1787 | & Eéfgzgtgglé“é%%%?ﬁ@%&?ﬁﬁ?
e | 0100 BSC. | 2.54 BSC. ASmm €.006”
eAl 0.300 BSC. | 7.60 BSC. | 3 VEETS JEDEC MSOOLXX AS SHOWN |
eB 0.400 _BSC. 1016 BSC, S IS'\IIM?LBIEII%\DQETEAgthC MO-058AB
0.115 [0.150 [2.921]3.81 6. N = NUMBER OF PINS
ﬂﬂ,ﬁxﬂn@yﬂ (PACKAGE FAMILY DUTLING: PDIP 300" . ({)21-0043 D

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

16 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

© 2003 Maxim Integrated Products Printed USA MAXIM s a registered trademark of Maxim Integrated Products.
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2 [
SPECIFCATION
T F % B

CUSTOMER’S  INFORMATION

P4 F LED $kAL 4
PRODUCTION NAME:

FE A B 1 D788BS-SS22 LA
PRODCTION TYPE: MODEL NO:
LA B T

TYPE: 415 788 fi[k% PART NO:

H #1:2010-10-25 I
DATE: ISSUEDER:

Z F 1A APPROVED BY

B4 H

SIGN: DATE:

24 RESULT
# 1\ )J5 5 [El%F PLEASE RETURN BY ONE COPY

= PART NO LD788BS-SS22

] Description

KICHUE,  Emitted Color  £1¢
SN Lens Color 2. [
AMERSE Max Size  20.00%20.00%5.90

1o 3k 3 0t




W =%  Absolute Maximum Ratings — > ZE 1A H 2R Sl 4G

S Parameter EAfir 'Wﬁﬁﬁ ' ﬁﬁ
Symbol Maximum Rating Unit
Ih#t Power Dissipation Pd mW
ko HLAL  Peak Forward Current Ifp 150 mA
MR ERYiTh ntin Forwar rren
Foigiﬂ&rsﬂ; uous Forward Current Ifm 20 A
S L Reverse Voltage VR 5 A
TAEMEE  Operating Temperature Range Topr -40 — +85 C
fi# R B Storage Temperature Range Tstg -40 — +100 C
R Static Voltage Var A

RS Lead Sodering Temperature

For operation above 25°C, The Ifm Ifp & Pd must be derated, the Curent derating is —0.36mA/C for
drive and -0.86mA/°C for Pulse drive, the power dissipation is

260°C for 3 seconds
Y TAERE & T 25°CHY, Ifm,Ifp £ Id DAZ0 FRAIG;  HLUEBHIC R E-0.36mA/C  EIIKa)), 5-0.86mA/C
Bk s)  DIREFFCZIE-0.75mW/'C 7= 5l I AR FL AN BER T-0F B T AL R 451 1 8% Ifp 1) 60%

must not more than the 60% of the Ifm or Ifp according to the working temperature.

JeHEREYE  Optical-Electrical Characteristic —— 2 1A% FH 9K S0 46l

DC
-0.75mW/°C. The product working current

Z% Parameter Teji“(i:?ﬁﬁING Siﬁl Min | Type | Max %Ifft
KIIRE  Luminous Intensity Tr=10mA Iv 21.8 25.9 28. 4 Mcd
1EHEE  Forward Voltage Tr=10mA VF = 2.01 = \

JZ A HL  REVERSE Current Vg = 5V Ik - 20 uA
VRS Peak Wavelength Tr=10mA 155. 7 630.8 | 631.7 | 634.3 nm
T B Spectral Bandwidth Tr=10mA A A = 40 = nm
BEME  View Angle Tr=10mA 201/ = = Deg.

3.45%) R~} Mechanical Outline
(KRIFERSAZ Unspecified Tolerances is: X+0. 2

w
=

FOEHUn A

COLOR




D788

$1.90
[ coL. 1234567 8ROW
@00 0000 ®— 00000000 1
888888883 00000000 2
] O0000000 3
QOO O0OQO!IL|Z O0000000 4
000 QOO0 OIZI™ 00000000 S
80888888N 00000000 6
| 00000000 7
P|N1-@8O QOO0 ®[— O0000000O 8
| . 2.50*7=17.50 |
- 20.00 .
]
NI e
|_2507=1750 | | 1500 |

K Circuit Diagram
PCB:FJ788A/B

03368884
tattatakataty
o i1 E £ £ £ £
A T
e tatatatatata)
PR IEIEIEIEIEIEIE:
A
S
EEEEEEE

5. R RS Storage & Soldering Condions
® Store with care. Storing the units in bad condition — VEERLE, RSN FE, 25PN

will cause the reflector sheet and decrease it’ s S5 85 56 HIRGHE
adhesive power. Storage the products under the WEAARAE AN 8 25°C+10°C
condition :temperature ( 25°C + 10°C ) and humidity W 65°CCRH=£ 20°CCRH

(65°C CRH£20°C CRH) our recommendation.
® The Soldering Temperature is 260+5°C and Soldering IR RS 260°C £5°C, JR4ENE/NT 3 5D,
Time should be less than 3 sec, and soldering iron ik % /N T 30W
power should be less than 30W.
® The soldering point should be farther than 1.6mm JELE N B8 P S SEAR KT 1. 6mm
from boby.
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