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Summary: Thisarticlepresentstheresultsof research carried out on theformation of light
parameter sof thephosphor coatingsand surfacesof fluor escent lamps. Particular attention has
been paid tothose par ameter swhich influencethefor mation of light parameter ssuch aslight
efficacy and ripple. Theresultsof themeasurementsof light efficacy and light ripplearegiven
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intermsof the thicknessof coatingsand someof thephysical parameter sof phosphorsusedin
AC powered mainsfrequency fluorescent lamps. On thebasisof attained resultsthe conclu-
sionsaregiven concer ningtheefficacy of light and thedepth of light ripplein thefunction of the

thicknessof phosphor coating

1 INTRODUCTION

In low-pressure discharge lamps the light is created by
the excitation of mercuric vapour present between two elec-
trodes. The effect of low-pressure discharge is the genera-
tion of two resonating lines of mercury in the ultraviolet spec-
trum of 184,9 and 253,7 nm and relatively weak lines of 313,
365, 405, 435 and 546 nm. The output intensity of UV rays is
expressed by four main elements, that is: the pressure of
mercuric vapour, the type of auxiliary gasses, the dimensions
of the discharge pipe and the current density. Phosphors
applied onto the outer wall of the discharge pipe should have
the capacity to absorb UV rays and the emission band in turn
should be tolerably wide and lying mainly in the visible spec-
trum. Moreover they are formed from crystals of various si-
zes of molecules, so the thickness of the coating of pho-
sphor depends on the size of the crystallites and their distri-
bution, and this in a crucial way affects the efficiency of
conversion of UV radiation into a visible form.

2. TYPES OF PHOSPHORS

Fluorescent lamps use phosphors depending on their par-
ticular designation and can be divided into a number of gro-
ups but in general there are two groups which are most fre-
quently identified [2, 4]:

— standard—as a rule these are halo-phosphates of cal-
cium activated by antimony and magnesium,

— narrow band—most frequently aluminate or borate ac-
tivated by lanthanides: europ or terbium.

Fluorescent lamp with standard phosphors typically po-
sses a low colour rendering index CRI = 50, which is why
their use is limited. This index rating can be improved by
adding different chemical compounds. The choice of compo-
unds is made on the basis of the dispersal of phosphor emis-
sion, however the improvement of the colour return index is
achieved at the cost of a drop in light parameters.

In the group of narrow band fluorescent lamps with pho-
sphor it is possible to distinguish: tri-banded class1b ha-
ving a colour rendering index of R = 80 and class 1a with a
colour rendering index of R = 90. Class 1b phosphors are the
product of a mixture of three phosphors (red, green and nar-
row blue). The phosphor layer of lamps is often applied by
the wet method and is either water or thinners based. Taking
into consideration the different granulations of all fluore-
scent powdered phosphors and the method of applying the
phosphor onto the bulb one can deduce that the phosphor
coatings can vary in thickness.

3. THE THICKNESS OF THE PHOSPHOR
COATING IN LAMPS

The absence of recorded data on the subject of the impact
of the thickness of phosphor coating on light parameters
prompted the author to carry out a series of investigations in
this particular area. The tests focused on the T8 class1b type
fluorescent lamp with tri-banded phosphor. All the tests were
conducted on lamps of the same power rating and overall di-
mensions. The tests for the class1b lamps of different colour
temperatures were conducted with the aid of the Oxford In-
struments JSM 5400 scanning electron microscope and ISIS
series solid-silicon detector. The phosphor blends solutions
were prepared from technological suspensions of mountain
crystals (upholding the application and drying regime requ-
ired in production). Figure 1shows pictures of class 1b pho-
sphor lamps.

There is a scale marker in each one of the pictures and in
each case is 20 um. The results of the research indicate that
the thickness of the phosphor coating in class 1b lamps
amounts to between 17 and 22 um (on average around 20
um) with there being no noticeable significant dependence
on the colour temperature of the lamp. However there was
anoticeable trend towards a diminishing number of partic-
les above 6 mm and at the same time a rise in the colour
temperature of the lamp. This dependence stems from va-
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Fig. 1. Phosphors in lamps with a colour rendering index a) top view, b) cross section, 1 — 7, = 3000K, 2 — 7, = 4000K, 2 — T, = 6000K

rious granulations of particular phosphors [7] (red, green
and blue) as well as the percentage content of fluorescent
powder.

Detailed research results of physical parameters of pho-
sphor in class 1b lamps are presented in table 1.

4. THE IMPACT OF THE THICKNESS OF THE
PHOSPHOR COATING ON LIGHT EFFICACY

The efficacy of fluorescent lamp luminosity (1) is defined
as the relation of the generated luminous flux ® to the electri-
cal power P taken by the source:

_2
n="5 [m/W] (1)

The value of light efficacy of fluorescent lamps (of the
same type, power rating, dimensions and with the same auxi-
liary gasses) is determined by the conversion of UV radia-
tion into visible radiation. And with regards to conversion

efficacy itself there are many factors which determine this
but in general they are associated with the phosphor. One of
the more important ones is the thickness of the coating. To
assess the impact of the effect of the phosphor on the lumi-
nous flux, experimental research was carried out on the T8,
class 1 b type lamps (with various thicknesses of coatings)
of colour temperatures 3000 K, 4000 K and 6000 K. In each of
the groups of lamps (for a given colour temperature) the thick-
nesses of phosphor coatings averaged 0 um, 10 um, 20 um,
30 um, 40 um and 60 um. The choice and appraisal of the
thickness of the layer of phosphor was chosen on basis of
morphological tests on the phosphor coatings (shown abo-
ve). The tests encompassed lamps with the same power ra-
ting, overall dimensions including being filled out with the
same auxiliary gas. During measurement and recording pro-
cess optimal surrounding conditions and circuit conditions
were maintained making possible the comparison of results
and findings. No variations in luminous flux were noticed in
lamps of colour temperatures 3000 K, 4000 K, and 6000 K of the
same thicknesses of phosphor coatings. The results of the
conducted experimental research are presented in Figure 2 .
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Tablel. Phosphor coating parameters of class 1b lamps

Diameter molecules

Thickness coating

Tc [K] <2um < 6um <12um >12um um
3000 0.1 0.46 0.33 0.11 17-22
4000 01 0.42 0.36 0.12 175-21
6000 0.1 0.39 0.39 0.12 16.5- 22
The results of the research (Fig. 2) show unequivocally 100
that changing the thickness of the phosphor layer in lamps [%]
does to a significant extent have an effect on the value of 80
luminous flux. 60
The greatest value of luminous flux was achieved with a
coating layer of fluorescent powder of around 20 ym (corre- 40
sponding to three and four crystallites) Increasing the thick-
ness of the layer of phosphor to beyond 20 um resulted in 20
the increase of light absorption by the layers of phosphor 0 : : : i g [m]
0 10 20 30 40 50 60

crystals which in effect decreased the amount of light out-
put. Whereas in the case of thinner coatings below 20 um
part of the UV radiation permeated through the crystals and
into the wall of the glass and consequently was not absor-
bed by the phosphor crystals and converted into light. The
inverse scale of the luminous flux value in the function of the
thickness of the phosphor coating is the UV permeation co-
efficient which changes from unity to the absence of pho-
sphor at zero at a thickness of 20 um.

5. THE IMPACT OF THE THICKNESS
OF COATING ONLIGHT RIPPLE

The Iuminous flux of a discharge lamp occurs with the
flow of current through the lamp. Twice for every period i.e. a
hundred times a second at an electric mains frequency of
50 Hz, the current passes through neutral point, also reaching
a maximum twice. A change in the intensity of light in the
rhythm of the changes of alternating current from the mini-
mum to maximum is termed as the light ripple. It is possible to
elucidate the quantity of light ripple on a graph by illustra-
ting the luminous flux as a function of time (Fig. 3). The quan-
tity of light ripple is characterised by the depth of the light
ripple with the aid of the ripple coefficient of w[1]:

W= Prax = Prin
=% @)
max
where:
D,ins Ppux — maximum and minimum values of luminescent

flux.

The research also encompassed T8, class 1b type lamps
with tri-band phosphors of colour temperatures 3000 K, 4000
Kand 6000 K all of which had identical overall dimensions as
well as having been filled out with the same auxiliary gases.
With regards to the value of the light ripple coefficient there
are many determining factors. They are mainly associated

Fig. 2. The effect of the thickness of phosphor on the value of lumi-
nous flux; @ — luminous flux, g — thickness of coating
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Fig. 3. The light ripple of a fluorescent lamp with AC power supply

with the properties of the phosphor [7, 8]. The most impor-
tant are: the fluorescent properties of specific phosphors, [3,
5] the granulation of the phosphor powder, the percentage
content of phosphors (red green, blue) in the powder and the
thickness of the phosphor coating itself. Assuming that te-
sts are carried out on lamps with the same colour temperatu-
re and where the percentage content of particular phosphors
irrespective of the thickness is the same then the value of
the light ripple coefficient can only be influenced by the thick-
ness of the phosphor coating. However, for lamps of diffe-
rent colour temperature the percentage content of phosphors
(red, green, blue) in the powder will have an additional im-
pact on the light ripple coefficient [6].

Tests were carried out on lamps with no phosphor covering
including ones covered with phosphor with thickness measu-
ring: 10 um, 20 um, 30 em, 40 ym and 60 um. The results of the
research on the coefficient of light ripple and according to
thickness of the fluorescent powder (phosphor) for lamps 7,,=
3000K, 7,,=4000 K and T, = 6000 K are presented in Figure 4.
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Fig. 4. The value of the coefficient depending on the thickness of the
fluorescent powder: 1 — 7. = 3000 K, 2 — T,. = 4000 K, 3 — T,. = 6000 K

The obtained results indicate that there is a strong trend
towards a drop in the light ripple coefficient when changes
are made to the thickness of the fluorescent powder ranging
from 0 um to 20 gm. This results from the fact that thinner
coatings of phosphor bring about a decrease in UV absorp-
tion which in turn also decrease the luminous flux (Fig 2) In
other words, in terms of the value of the ripple coefficient in
the scope of changes to thickness of the fluorescent powder
in the range of 0 um to 20 um, the UV the coefficient of
transmition comes into force. Whereas in phosphor coatings
of 20 um and above the value of the light ripple coefficient
does not undergo change as the decrease is proportional
D iy — Prax (Fig. 3) and @, / Dy, (Fig. 2).

The resolved differences in the light ripple coefficient va-
lue for lamps (with a phosphor coating thickness of =20
mm) 7¢=3000K, 4000 K and 6000 K, stem from the percenta-
ge portion of phosphors (red, green and blue) in the fluore-
scent powder [5]. A detailed and thorough examination of
the dimension of the light ripple coefficient of single band
phosphor lamps (red, green and blue) were presented in an
earlier paper [7]. The assigned light ripple coefficient values
for lamps coated with phosphor amount to blue 1, green 0.36,
red 0.59 respectively. If one takes into account the fact that
with the increase of the colour temperature the percentage
share of red phosphor diminishes and there is at the same
time a percentage increase of blue phosphor in the fluore-
scent powder, one should conclude that the value of the
light ripple coefficient rises, as is shown in Figure 4.

6. CONCLUSIONS

The carried out research and analyses of the luminous
efficacy and coefficient of the light ripple of class 1b fluore-
scent lamps in the function of changes to the thickness of
the phosphor coating indicate that:

— the value of the luminous flux of lamps is dependent on
the thickness of the phosphor coating and the maximum
luminous flux value is attained when the thickness of the
layer of phosphor amounts to around 20 um. For co-
atings below 20 um. part of the UV radiation passes thro-
ugh the crystals into the wall of the glass tube of the
lamp with no possibility of being absorbed by the pho-
sphor crystallites, whereas above 20 um there is an in-
crease in the absorption of light by the layer of pho-
sphor crystallites.

— the value of the ripple coefficient is dependent on the
thickness of the phosphor coating for coating thicknes-
ses from zero to 20 um, whereas for a thickness =20 um
the coefficient value is practically constant.
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