An Introduction to the
Linear Regulator

Marty Brown

Linear power supplies are the simplest of the DC/DC converters, but don’t be fooled by the
apparent simplicity of them. There are several factors in every application of linear supplies
that are important for their reliable operation. These are thermal design, output regulation, sta-
bility considerations and its transient response, any of which could cause the system to behave
badly.

Linear regulators are used much more often than switching regulators. One finds them dis-
tributed throughout products as POL (point of load) supplies, where local circuit regula-
tion is needed, voltage bus quieting for noise sensitive circuits, and inexpensive voltage bus
generation.

If you have done a design completely using linear regulators, you may technically call yourself
a “power supply designer,” but you will not fully appreciate the complexities of the field until
you have experienced a switching power supply design. You have only reached the “tenderfoot”
level of experience.

I've attempted to cover the material in a succinct and intuitive manner showing how flexible the
humble linear regulator can be. The design examples can be scaled and adapted to many other
applications. Related topics such as thermal design can be found in chapter 12.

—Marty Brown

The linear regulator is the original form of the regulating power supply. It relies upon the
variable conductivity of an active electronic device to drop voltage from an input voltage
to a regulated output voltage. In accomplishing this, the linear regulator wastes a lot of
power in the form of heat, and therefore gets hot. It is, though, a very electrically “quiet”
power supply.

The linear power supply finds a very strong niche within applications where its
inefficiency is not important. These include wall-powered, ground-base equipment where
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forced air cooling is not a problem; and also those applications in which the instrument is
so sensitive to electrical noise that it requires an electrically “quiet” power supply—these
products might include audio and video amplifiers, RF receivers, and so forth. Linear
regulators are also popular as local, board-level regulators. Here only a few watts are
needed by the board, so the few watts of loss can be accommodated by a simple heatsink.
If dielectric isolation is desired from an AC input power source, it is provided by an AC
transformer or bulk power supply.

In general, the linear regulator is quite useful for those power supply applications
requiring less than 10 W of output power. Above 10W, the heatsink required becomes so
large and expensive that a switching power supply becomes more attractive.

1.1 Basic Linear Regulator Operation

All power supplies work under the same basic principle, whether the supply is a linear
or a more complicated switching supply. All power supplies have at their heart a closed
negative feedback loop. This feedback loop does nothing more than hold the output
voltage at a constant value. Figure 1.1 shows the major parts of a series-pass linear
regulator.

Linear regulators are step-down regulators only; that is, the input voltage source must be
higher than the desired output voltage. There are two types of linear regulators: the shunt
regulator and the series-pass regulator. The shunt regulator is a voltage regulator that is
placed in parallel with the load. An unregulated current source is connected to a higher
voltage source; the shunt regulator draws output current to maintain a constant voltage
across the load given a variable input voltage and load current. A common example of
this is a Zener diode regulator. The series-pass linear regulator is more efficient than the
shunt regulator and uses an active semiconductor as the series-pass unit, between the
input source and the load.

The series-pass unit operates in the linear mode, which means that the unit is not
designed to operate in the full on or off mode but instead operates in a degree of “partially
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Figure 1.1: The basic linear regulator
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on.” The negative feedback loop determines the degree of conductivity the pass unit
should assume to maintain the output voltage.

The heart of the negative feedback loop is a high-gain operational amplifier called a voltage
error amplifier. Its purpose is to continuously compare the difference between a very stable
voltage reference and the output voltage. If the output differs by mere millivolts, then a
correction to the pass unit’s conductivity is made. A stable voltage reference is placed on
the noninverting input and is usually lower than the output voltage. The output voltage is
divided down to the level of the voltage reference. This divided output voltage is placed into
the inverting input of the operational amplifier. So at the rated output voltage, the center
node of the output voltage divider is identical to the reference voltage.

The gain of the error amplifier produces a voltage that represents the greatly amplified
difference between the reference and the output voltage (error voltage). The error
voltage directly controls the conductivity of the pass unit thus maintaining the rated
output voltage. If the load increases, the output voltage will fall. This will then increase
the amplifier’s output, thus providing more current to the load. Similarly, if the load
decreases, the output voltage will rise, thus making the error amplifier respond by
decreasing pass unit current to the load.

The speed by which the error amplifier responds to any changes on the output and how
accurately the output voltage is maintained depends on the error amplifier’s feedback loop
compensation. The feedback compensation is controlled by the placement of elements
within the voltage divider and between the negative input and the output of the error
amplifier. Its design dictates how much gain at DC is exhibited, which dictates how
accurate output voltage will be. It also dictates how much gain at a higher frequency and
bandwidth the amplifier exhibits, which dictates the time it takes to respond to output
load changes or transient response time.

The operation of a linear regulator is very simple. The very same circuitry exists in the
heart of all regulators, including the more complicated switching regulators. The voltage
feedback loop performs the ultimate function of the power supply—the maintaining of
the output voltage.

1.2 General Linear Regulator Considerations

The majority of linear regulator applications today are board-level, low-power
applications that are easily satisfied through the use of highly integrated three-terminal
regulator integrated circuits. Occasionally, though, the application calls for either a higher
output current or greater functionality than the three-terminal regulators can provide.

There are design considerations that are common to both approaches and those that are
only applicable to the nonintegrated, custom designs. These considerations define the
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operating boundary conditions that the final design will meet, and the relevant ones must
be calculated for each design. Unfortunately, many engineers neglect them and have
trouble over the entire specified operating range of the product after production.

The first consideration is the headroom voltage. The headroom voltage is the actual
voltage drop between the input voltage and the output voltage during operation. This
enters predominantly into the later design process, but it should be considered first, just to
see whether the linear supply is appropriate for the needs of the system. First, more than
95 percent of all the power lost within the linear regulator is lost across this voltage drop.
This headroom loss is found by

PHR = (Vin(max) B Vout )Iload(fated) (1_1)

If the system cannot handle the heat dissipated by this loss at its maximum specified
ambient operating temperature, then another design approach should be taken. This loss
determines how large a heatsink the linear regulator must have on the pass unit.

A quick estimated thermal analysis will reveal to the designer whether the linear regulator
will have enough thermal margin to meet the needs of the product at its highest specified
operating ambient temperature. One can find such a thermal analysis in Chapter 12.

The second major consideration is the minimum dropout voltage of a particular topology of
linear regulator. This voltage is the minimum headroom voltage that can be experienced by
the linear regulator, below which it falls out of regulation. This is predicated only by how
the pass transistors derive their drive bias current and voltage. The common positive linear
regulator utilizes an NPN bipolar power transistor (see Figure 1.2a). To generate the needed
base-emitter voltage for the pass transistor’s operation, this voltage must be derived from its
own collector-emitter voltage. For the NPN pass units, this is the actual minimum headroom
voltage. This dictates that the headroom voltage cannot get any lower than the base-emitter
voltage (~0.65 VDC) of the NPN pass unit plus the drop across any base drive devices
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Figure 1.2: The pass unit’s influence on the dropout voltage: (a) NPN pass unit;
(b) PNP pass unit (low dropout)
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(transistors and resistors). For the three terminal regulators such as the MC78XX series, this
voltage is 1.8 to 1.5 VDC. For custom designs using NPN pass transistors for positive outputs,
the dropout voltage may be higher. For applications where the input voltage may come even
closer than 1.8 to 1.5 VDC to the output voltage, a low dropout regulator is recommended.
This topology utilizes a PNP pass transistor, which now derives its base-emitter voltage from
the output voltage instead of the headroom or input voltage (see Figure 1.2b). This allows the
regulator to have a dropout voltage of 0.6 VDC minimum. P-Channel MOSFETSs can also be
used in this function and can exhibit dropout voltages close to zero volts.

The dropout voltage becomes a driving issue when the input to the linear regulator during
normal operation is allowed to fall close to the output voltage. If operating from an AC
wall transformer, this would occur at brown-out conditions (minimum AC voltages).

The low dropout regulator (e.g., LM29XX) would allow the regulator to operate to a
lower AC input voltage. Low dropout regulators are also widely used as post regulators
on the output of switching power supplies. Within switching regulators, the efficiency

is of great concern, so the headroom drop needs to be kept to a minimum. Here, the low
dropout regulator will save several watts of loss over a conventional NPN-based linear
regulator. If the application will never see headroom voltages less than 1.5V, then use the
conventional linear regulators (e.g., MC78XX).

Another consideration is the type of pass unit to be used. From a headroom loss
standpoint, it makes absolutely no difference whether a bipolar power transistor or a
power MOSFET is used. The difference comes in the drive circuitry. If the headroom
voltage is high, the controller (usually a ground-oriented circuit) must pull current from
the input or output voltage to ground. For a single bipolar pass transistor this current is

Ig = Iy goq/heg (1-2)
The power lost just in driving the bipolar pass transistor is

Vi

rive ~ Yin/max

Iz orV,

Pd out IB (1'3)

This drive loss can become significant. A driver transistor can be added to the pass
transistor to increase the effective gain of the pass unit and thus decrease the drive
current, or a power MOSFET can be used as a pass unit that uses magnitudes less DC
drive current than the bipolar power transistor. Unfortunately, the MOSFET requires up
to 10 VDC to drive the gate. This can drastically increase the dropout voltage. In the vast
majority of linear regulator applications, there is little difference in operation between a
buffered pass unit and a MOSFET insofar as efficiency is concerned. Bipolar transistors
are much less expensive than power MOSFETSs and have less propensity to oscillate.

The linear regulator is a mature technology and therefore can usually be accommodated
by the integrated solutions provided by the semiconductor manufacturers. For applications
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beyond the limits of these integrated linear regulators alone, usually adding more
components around the IC will satisfy the requirement. Otherwise, a completely custom
approach would need to be utilized. These various approaches are overviewed in the
design examples in the following section.

1.3 Linear Power Supply Design Examples

Linear regulators can be designed to meet a variety of cost and functional needs. The
design examples that follow illustrate that linear regulator designs can range from the
very elementary to the more complex. Designs for enhanced three-terminal regulator
designs will be abbreviated, since the integrated circuit datasheets usually contain
great detail. Due to the relatively large power loss of linear regulators, the thermal
considerations typically represent a significant problem. Some thermal analysis and
design is done in the examples. For further insight on this please refer to Chapter 12.

1.3.1 Elementary Discrete Linear Regulator Designs

These types of linear regulators were commonly built before the advent of operational
amplifiers and they can save money in consumer designs. Some of their drawbacks
include drift with temperature and limited load current range.

1.3.1.1 The Zener shunt regulator

This type of regulator is typically used for very local voltage regulation for less than

200 mW of a load. A series resistance is placed between a higher voltage and is used to
limit the current to the load and Zener diode. The Zener diode compensates for the
variation in load current. The Zener voltage will drift with temperature. The drift
characteristics are given in many Zener diode datasheets. Its load regulation is adequate for
most supply specifications for integrated circuits. It also has a higher loss than the series-
pass type of linear regulator, since its loss is set for the maximum load current, which for
any load remains less than that value. A Zener shunt regulator can be seen in Figure 1.3.

* Vingmin) > Vour + 3V
: R Vz = Vou
Vi >t A= 1.1Vi/n(min)
out(max)
a-{ Vv, ;:1 . Vout PD(R) = (Vin(max) - Vout)2 R
u

PD(Z) =11V Iout(max)

Figure 1.3: A Zener shunt regulator
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1.3.1.2 The one-transistor series-pass linear regulator

By adding a transistor to the basic Zener regulator, one can take advantage of the gain
that the bipolar transistor offers. The transistor is hooked up as an emitter follower,
which can now provide a much higher current to the load, and the Zener current can

be lowered. Here the transistor acts as a rudimentary error amplifier (refer to Figure 1.4).
When the load current increases, it places a higher voltage into the base, which
increases its conductivity, thus restoring the voltage to its original level. The transistor
can be sized to meet the demands of the load and the headroom loss. It can be a

TO-92 transistor for those loads up to 0.25W or a TO-220 for heavier loads (depending
on heatsinking).

1.3.2 Basic Three-Terminal Regulator Designs

Three-terminal regulators are used in the majority of board-level regulator applications.
They excel in cost and ease of use for these applications. They can also, with care, be
used as the basis for higher functionality linear regulators.

The most-often ignored consideration is the overcurrent limiting method used in three-
terminal regulators. They typically use an overtemperature cutoff on the die of the
regulator, which is typically between +150°C and +165°C. If the load current is passed
through the three-terminal regulator, and if the heatsink is too large, the regulator may
fail due to overcurrent (bondwire, IC traces, etc.). If the heatsink is too small, then

one may not be able to get enough power from the regulator. Another consideration

is if the load current is being conducted by an external pass-unit, the overtemperature
cutoff will be nonfunctional, and another method of overcurrent protection will be
needed.

1.3.2.1 The basic three-terminal positive regulator design

This example will illustrate the design considerations that should be undertaken with each
three-terminal regulator design. Many designers view only the electrical specifications

of the regulators and forget the thermal derating of the part. At high headroom voltages,

2N3055
+ >+
N
Vin(min) > Vout +25V
R
WA\ L Vin(min) hFE(min)
V ™ V = ——
in 10 uF out 1.2 Iout(max)
XV,
V,= Vo, +06V

Figure 1.4: A discrete bipolar series-pass regulator
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Figure 1.5: A three-terminal regulator

and at high ambient operating temperatures, the regulator can only deliver a fraction of
its full-rated performance. Actually, in the majority of the three-terminal applications,
the heatsink determines the regulator’s maximum output current. The manufacturer’s
electrical ratings can be viewed as having the part bolted onto a large piece of metal and
placed in an ocean. Any application not employing those unorthodox components must
operate at a lower level. The following example illustrates a typical recommended design
procedure (see Figure 1.5).

Design Example 1. Using three-terminal regulators

Specification Input: 12 VDC (max)
8.5 VDC (min)
Output: 5.0VvDC
0.1A to 0.25A
Temperature: —40 to +50°C

Note: The TN4001 is required for discharging the 100 puF capacitor when the system
is turned off.

Thermal Design (refer also to Appendix A)

Given in data sheet: Ry = 5°C/W
Ryys = 65°CIW
Ty = 150°C

PD(max) = (Vin(max) - Vout) ’ Iload(max)
=(12-5V)(0.25A)
=1.75W (headroom loss)
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Without a heatsink the junction temperature will be:

Tj =Py Rya t TA(max)
= (1.75 W)(65°C/W) + 50
= 163.75°C.

A small “clip-on” style heatsink is required to bring the junction temperature down to
below its maximum ratings. Refer to Chapter 12 for aid in the selection of heatsinks.

Selecting the heatsink—Thermalloy P/N 6073B
Given in heatsink data: Rygp = 14°C/W

Using a silicon insulator Rycg = 65°C/W

The new worst-case junction temperature is now:
T = Py(Ryyc + Rycs + Rysa) T T

j(max)
= (1.75W)(5°C/W + 65°C/W + 14°C/W) + 50°C
= 84.4°C

1.3.2.2 Three-terminal regulator design variations

The following design examples illustrate how three-terminal regulator integrated circuits

can form the basis of higher-current, more complicated designs. Care must be taken,
though, because all of the examples render the overtemperature protection feature of
the three-terminal regulators useless. Any overcurrent protection must now be added
externally to the integrated circuit.

The current-boosted regulator

The design shown in Figure 1.6 adds just a resistor and a transistor to the three-terminal

regulator to yield a linear regulator that can provide more current to the load. The current-
boosted positive regulator is shown, but the same equations hold for the boosted negative

regulator. For the negative regulators, the power transistor changes from a PNP to an

1N4001
Fuse
+V;, o-0"\_o—
2N2955*
10042
1 3
W—4 O + Vot * Heatsink required
780X
-~ 1OHF = 10}1F

i_z

Figure 1.6: Current-boosted three-terminal regulator without overcurrent protection
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NPN. Beware: there is no overcurrent or overtemperature protection in this particular
design.

The current-boosted three-terminal regulator with overcurrent protection

This design adds the overcurrent protection externally to the IC. It employs the base-
emitter (0.6V) junction of a transistor to accomplish the overcurrent threshold and gain of
the overcurrent stage. For the negative voltage version of this, all the external transistors
change from NPN to PNP and vice versa. These can be seen in Figures 1.7a and b.

1.3.3 Floating Linear Regulators

A floating linear regulator is one way of achieving high-voltage linear regulation. Its
philosophy is one in which the regulator controller section and the series-pass transistor
“float” on the input voltage. The output voltage regulation is accomplished by sensing
the ground, which appears as a negative voltage when referenced to the output voltage.
The output voltage serves as the “floating ground” for the controller and the power for

1N4001
ld
Fuse Ry,
+V, AM\—e- . 0.7V
H 2N2955* = T
1000 2N6049
AN 1 3 o+ Vout
T touF  01pFT 780X = * Heatsink required
. eatsink require
+ " . L1ouF d
|
(@)
1N4001
bl
| 4]
Fuse Rs.
*Vin > < 0.7V
2N3055* R, =
1 ISC
AAA. 1 3 V
V- 0 +
56Q1uF] 790X oF
o~ 10uF T =
= = 1 * Heatsink required

IE

(b)
Figure 1.7: (a) Positive current-boosted three-terminal regulator with current limiting

(b) Negative current-boosted three-terminal regulator with current limiting
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the controller and series-pass transistor is drawn from the headroom voltage (the input-to-
output difference) or is provided by an auxiliary isolated power supply.

The power transistor still needs to have a breakdown voltage rating greater than the input
voltage, since at start-up it must see the entire input voltage across it. Other methods such
as a bootstrap Zener diode can also be used in order to shunt the voltage around the pass
transistor, but only when the input voltage itself is switched on and off to activate the
power supply. Also, caution must be taken to ensure that any controller input or output
pin never goes negative with respect to the floating ground of the IC. Protection diodes
are usually used for this purpose. One last caution is the little-known breakdown voltage
of common resistors. If the output voltage exceeds 200V, more than one sensing resistor
must be placed in series in order to avoid the 250V breakdown characteristic of 1/4 W
resistors.

A common low-voltage positive floating regulator is the LM317 (the negative regulator
complementary part is the LM337). The MC1723 can also be used to create a floating
linear regulator, but care must be taken to protect the IC against the high voltage.

The first example shows how an LM317 can be modified to create a 70V linear regulator
from a 100V input voltage. Several design restrictions must be strictly followed; for
example, the operational headroom voltage must not exceed the voltage rating of the
bootstrap Zener diode or regulation will be lost. Also the use of the protection diode on
the error amplifier is mandatory. This regulator can be seen in Figure 1.8.

The second example illustrates a 350V floating linear regulator that can provide up to
10mA of load current from a 400 to 450V unregulated source. The TIP50 provides the
bias supply for the controller, which must withstand the full input voltage during start-up
and power supply foldback. The controller is “grounded” on the output voltage and the

39V, 1W
AVl
5.6V
500 mW
+100V o in out o +75V
LM317
adj 47K2 x
+ +
+Vi, = 10uF T +Vout
150V 100uF
L 100V
27K 3 l/pmg
GND o— o GND

Figure 1.8: A high voltage floating linear regulator
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450V T N41 ] () Vee
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» 4 13
> r———)
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Figure 1.9: A 350V, 10-mA floating linear regulator

minimum headroom voltage is 15V. To readjust the output voltage, one changes the value
of the two series resistors in the voltage sensing branch and this is set by

sense

( out

+ 4.0V)/I

sense

(1-4)

Floating linear regulators are particularly suited for high-output voltage regulation, but
may be used anywhere. This regulator can be seen in Figure 1.9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Symbol
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0045006c0073006500760069006500720020005000720065007300730020005000440046002000530070006500630073002000560065007200730069006f006e0020004100630072006f00620061007400200036000d0052006f0062002000760061006e002000460075006300680074002c0020005300510053002c00200045006c007300650076006900650072002000420056>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


