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INTRODUCTION

There are many MOSFET technologies and silicon
processes in existence today, with new advances being
made every day. To make a generalized statement
about matching a MOSFET driver to a MOSFET based
on voltage/current ratings or die sizes is very difficult, if
not impossible.

As with any design decision, there are multiple vari-
ables involved when selecting the proper MOSFET
driver for the MOSFET being used in your design.
Parameters such as input-to-output propagation delay,
quiescent current, latch-up immunity and driver current
rating must all be taken into account. Power dissipation
of the driver will also effect your packaging decision
and driver selection.

This Application Note discusses the details of MOSFET
driver power dissipation in relation to MOSFET gate
charge and operating frequency. It also discusses how
to match MOSFET driver current drive capability and
MOSFET gate charge based on desired turn-on and
turn-off times of the MOSFET.

Microchip offers many variations of MOSFET drivers in
various packages, which allows the designer to select
the optimal MOSFET driver for the MOSFET(s) being
used in their application.

POWER DISSIPATION IN A MOSFET
DRIVER

Charging and discharging the gate of a MOSFET
requires the same amount of energy, regardless of how
fast or slow (rise and fall of gate voltage) it occurs.
Therefore, the current drive capability of the MOSFET
driver does not effect the power dissipation in the driver
due to the capacitive load of the MOSFET gate.

There are three elements of power dissipation in a
MOSFET driver:

1. Power dissipation due to the charging and
discharging of the gate capacitance of the
MOSFET.

EQUATION 1:

Pc = CGXVDDZXF

Where:
Cs = MOSFET Gate Capacitance
Vpp = Supply Voltage of MOSFET Driver (V)
F = Switching Frequency

2. Power dissipation due to quiescent current draw
of the MOSFET driver.

EQUATION 2:

PQ = (IQH ><D+IQ|_><(1—D)) X Vpp

= Quiescent current of the driver with
the input in the high state

D = Duty cycle of the switching waveform

= Quiescent current of the driver with

the input in the low state
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3. Power dissipation due to cross-conduction
(shoot-through) current in the MOSFET driver.

EQUATION 3:

Pg = CCxFxVpp
Where:

CC = Crossover constant (A*sec)

As deduced from the equations above, only one of the
three elements of power dissipation is due to the
charging and discharging of the MOSFET gate
capacitance. This portion of the power dissipation is
typically the highest, especially at lower switching
frequencies.

In order to calculate a value for Equation 1, the gate
capacitance of the MOSFET is required. The gate
capacitance of a MOSFET is comprised of two capaci-
tances: the gate-to-source capacitance and the gate-
to-drain capacitance (Miller Capacitance). A common
mistake is to use the Input Capacitance rating of the
MOSFET (C,55) as the total gate capacitance of the
MOSFET. The proper method for determining gate
capacitance is to look at the Total Gate Charge (Qg) in
the MOSFET data sheet. This information is typically
shown in the Electrical Characteristics table and as a
typical characteristics curve in any MOSFET data
sheet.
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Table 1 shows a typical example of the data sheet
representation of gate charge for a 500V, 14A, N-chan-
nel MOSFET. Note that the values given in the data
sheet table have conditions associated with them: gate
voltage and drain voltage. These conditions effect the

TABLE 1:

gate charge value. Figure 1 shows the gate charge typ-
ical characteristic curve for the same MOSFET as it
varies with gate voltage and drain voltage. Make sure
the gate charge value you use for calculating power
dissipation fits the conditions of your application.

DATA SHEET REPRESENTATION FOR GATE CHARGE

Nzlrge Parameter Min. | Typ. | Max. | Units Test Conditions
Qg | Total Gate Charge — — 150 Ip = 14A

Qgs | Gate-to-Source Charge — — 20 nC |Vbs =400V

Qgp |Gate-to-Drain Charge — — 80 Ves = 10V

Ciss | Input Capacitance — 2600 — Vgg = 0V

Coss | Output Capacitance — 720 — pF  |Vbs =25V

Crss | Reverse Transfer Capacitance — 340 — f=1.0 MHz

Taking a typical value from the graph in Figure 1 for
Vgs = 10V, we get a total gate charge of 98 nC
(Vps = 400V). Using the relationship Q = C * V, we get
a gate capacitance value of 9.8 nF, which is signifi-
cantly higher than the 2.6 nF input capacitance that is
specified in Table 1. This illustrates the fact that when
a calculation calls for a gate capacitance value, the
total gate capacitance value should be derived from the
total gate charge value.
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FIGURE 1: Total Gate Charge vs. Gate-
to-Source Voltage (500V, 14A, N-channel
MOSFET).

When using maximum values for gate charge from the
Electrical Characteristics table for worst-case design,
the values must be adjusted for the drain-to-source and
gate-to-source voltages in your design.

Using the MOSFET information presented in Table 1
and Figure 1 as an example, the power dissipation in a
MOSFET driver due to the charging and discharging of
the gate capacitance of this MOSFET with a Vgg of
12V, a switching frequency of F = 250 kHz and a drain-
to-source voltage of 400V would be:

Pe = Cox VP xF
Pe = 95x107° x (12)% x 250 x 10°
Pe = 342mW

The value for Cg is arrived at by using the graph in
Figure 1 and finding the value for Qg at 12V. Qg is then
divided by 12V to get the Cg value. Knowing that Qg is
equal to Cg * Vg, the equation for P could be rewritten
as:

Pc = Qg*xVxF

A note of importance is that the voltage in this equation
is squared. Therefore, a reduction in the gate drive
voltage can result in a significant reduction in power
loss in the driver. For some MOSFETSs, driving the gate
voltage above 8V to 10V does not result in any further
decrease in MOSFET resistance (Rps_on)- Using the
same MOSFET as above as an example, a 10V gate
drive results in the following power dissipation:

Pc = QgxVxF
Pe = 98x107° x 10 x 250 x 10°
P. = 245mW

The 16% reduction in gate voltage (going from 12V to
10V) resulted in a 28% reduction in power dissipation
due to gate drive. Further savings will also be seen in
the cross-conduction losses due to gate drive voltage
reduction.

Equation 3 represents the power dissipation due to
MOSFET driver cross-conduction, or what is
commonly referred to as shoot-through. This is a result
of the P-channel and N-channel FETs in the output
drive stage being on at the same time as they
transition between the on and off states.
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Cross-conduction characteristics are shown in the
MOSFET driver data sheet as a typical characteristic
curve and as “Crossover Energy vs. Supply Voltage”.
An example of this is shown in Figure 2.
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FIGURE 2:
Supply Voltage.

The units for the crossover constant are typically shown
as Amp-Seconds (A*sec). Multiplying this number by
the frequency of operation yields a value for average
current. Figure 2 illustrates a point that was discussed
earlier. Namely, as bias voltage increases, the cross-
over constant increases and, consequently, the power
dissipation in the driver (due to cross-conduction)
increases. Therefore, a decrease in driver voltage will
result in a decrease in driver power dissipation.

One thing to make note of is that when using a dual
driver, the crossover constant is usually shown for both
portions of the driver operating. If only one portion of
the driver is being used, or the two portions of the driver
are operating at different frequencies, be sure to use
only half the value for each portion of the driver.

Using the information illustrated in Figure 2 as an
example, we will assume it is for a single-output driver
operating with a Vpp of 12V, at a frequency of 250 kHz.
Based on the graph, the crossover constant is found to
be 5.2*10°°.

Pg = CCxFxV
P = 52x107° x 250 x 10° x 12
Pg = 15.6mW

For this driver, operating at this voltage and frequency,
the power dissipation is relatively insignificant. Typically,
as the current drive capability of the MOSFET driver
increases, the losses due to shoot-through current will
also increase. These losses can be significant and need
to be taken into account when selecting a package for
the MOSFET driver.

Microchip offers surface-mount and pin through-hole
packages, ranging from 8-pin MSOPs to 8-pin DFNs to
5-pin TO-220s, allowing for the selection of the package
that is most appropriate for your application.

DIE SIZE EFFECT ON GATE
CAPACITANCE

As can be expected, the larger the die size of the
MOSFET, the larger the effective gate charge. For an
illustration of this, browse through any manufacturer's
data book. By relating die size to total gate charge, you
will find that, as die size increases, the total gate charge
will also increase. As advances are made in silicon
technology, new MOSFETs are produced that may
have the same die size as an older device, but with a
lower total gate charge. However, MOSFETSs within the
same silicon technology still follow the same general
rule that as die size goes up, so does the gate charge
requirement.

Die sizes will often be referred to in Hex size. Table 2
below gives some typical die sizes and total gate
capacitance values for various MOSFET size Hex
ratings.

TABLE 2: HEX RATINGS AND TYPICAL
GATE CAPACITANCE FOR
MOSFET DIE SIZE
MOSFET Die Size Total C of MOSFET
Size (mm) (pF)
Hex O 0.89 X 1.09 400
Hex 1 1.75x2.41 750
Hex 2 3.40x2.21 1500
Hex 3 4.44 x2.79 3000
Hex 4 7.04 x 4.32 6000
Hex 5 6.45 x 6.45 12000
Hex 6 283 x 348 mil 15000
Hex 7 283 x 348 mil 16000
Parallel Various Up to 48,000
Modules

Many suppliers today have also come out with “low
gate charge” versions of MOSFETs that allow for faster
switching times and lower gate charge losses. These
devices allow applications to operate at higher speeds,
with lower switching losses in the power MOSFET, as
well as lower gate charge losses in the MOSFET driver.
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PEAK CURRENT DRIVE
REQUIREMENTS

The elements of the MOSFET driver that have been
discussed so far have been related to the power dissi-
pation of the MOSFET driver from both internal and
external sources. Being able to calculate the power
losses of the MOSFET driver will assist in being able to
select the correct package for the driver and allow for
junction temperatures to be calculated.

Matching the MOSFET driver to the MOSFET in the
application will primarily be based on how fast the
application requires the power MOSFET to be turned
on and off (rise and fall time of the gate voltage). The
optimum rise/fall time in any application is based on
many requirements, such as EMI (conducted and
radiated), switching losses, lead/circuit inductance,
switching frequency, etc.

The speed at which a MOSFET can be turned on and
off is related to how fast the gate capacitance of the
MOSFET can be charged and discharged. The
relationship between gate capacitance, turn-on/turn-off
time and the MOSFET driver current rating can be
written as:

dT = dVv x C]
|

Where:

dT =turn-on/turn-off time
dV = gate voltage
C =gate capacitance (from gate charge
value)
| = peakdrive current (for the given voltage
value)

Knowing the relationship given earlier for gate charge
is:

Q:CXV

The above equation can be rewritten as:

at = 9

Where:
Q = total gate charge

The relationship shown in the equations above
assumes that a constant current source is being used
for the current (I). By using the peak drive current of the
MOSFET driver, some error will be incurred.

MOSFET drivers are rated by the driver output peak
current drive capability. This peak current drive capabil-
ity is generally given for one of two conditions. Either
the MOSFET driver output is shorted to ground or the
MOSFET driver output is at a particular voltage value
(usually 4V, as this is the gate threshold voltage at
which the MOSFET begins to turn on and the Miller
effect comes into play). The peak current rating is also
generally stated for the maximum bias voltage of the
part. This means that if the MOSFET driver is being
used with a lower bias voltage, the peak current drive
capability of the MOSFET driver will be lower.

Design Example:

Using the following design parameters, the MOSFET
driver peak output current rating will be found:
MOSFET gate charge 20 nC (Q)
MOSFET gate voltage = 12V (dV)
Turn-on/turn-off time = 40 ns (dT)

Using the equation referenced earlier:

ar = 9

=R
dT
_ 20nC
~ 40ns
| = 0.5A

The equation has produced a peak drive current
requirement of 0.5A. However, the gate drive voltage in
the design parameters is 12V, and this must be taken
into account when selecting the appropriate driver. For
instance, if the driver you are selecting is rated for 0.5A
at 18V, the peak output current at 12V will be less than
0.5A. For this reason, a driver with a 1.0A peak output
current at 18V would be chosen for this particular
application.

Any external resistance between the MOSFET driver
output and the gate of the power MOSFET will also
need to be taken into account, as this will reduce the
peak charging current supplied to the gate
capacitance. This drive configuration is shown in
Figure 4.
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TYPICAL MOSFET DRIVER GATE
DRIVE CONFIGURATIONS

There are many circuit configurations that MOSFET
drivers can be used in. Often times, due to the high peak
currents, fast rise/fall times of the drive voltages and
inductance in long board traces, additional clamp
circuitry is required. Figures 3 through 6 show typical
gate drive circuit configurations that are often used.

V+
1/2
TC4424
|_
i
Input 4
—1uF
50V
VvV~ *
FIGURE 3: Typical MOSFET driver
circuit.

The most ideal MOSFET driver circuit is shown in
Figure 3. This configuration is often used in boost, fly-
back and single switch forward power supply switching
topologies. With proper layout techniques and
appropriate bias voltage bypass capacitors, very good
rise and fall times of the MOSFET gate voltage can be
achieved. In addition to having local bypass
capacitance on the bias voltage, the grounding of the
MOSFET driver is also important.

V+
1/2
TC4424
|_
|
Input>———— >—W s
—1uF d
50V
V-
FIGURE 4: Use of a resistor to limit peak

current.

In many gate drive applications, it may be necessary to
limit the peak gate drive current in order to slow down
the rise of the gate voltage. This is usually done to
lower the EMI noise generated by fast slew rates of the
MOSFET drain voltage. Slowing the rise and fall time of
the MOSFET gate voltage can be accomplished by
either changing to a MOSFET driver that has a lower
peak current rating or by adding a series gate drive
resistor, as shown in Figure 4.

V+
j_ 1 uF 1/2
g 50V TC4426
Input >— I
Vo
FIGURE 5: Use of zener diode to clamp

voltage on long board traces.

In applications where the MOSFET driver is not placed
close to the MOSFET it is driving, there will be induc-
tance between the output of the driver and the gate of
the MOSFET. This can result in the gate voltage of the
MOSFET ringing above Vpp and below ground. If the
peak voltage exceeds the maximum-rated gate voltage
of the MOSFET, the MOSFET can be damaged and,
thus, lead to failure. This voltage can be clamped by
adding a zener diode from the gate to the source of the
MOSFET, as is shown in Figure 5. When possible, the
board trace length between the MOSFET driver and
the MOSFET should be made as short as possible to
limit this inductive ringing effect. Inductance between
the driver output and gate of the MOSFET can also
effect the MOSFET driver’s ability to hold the gate of
the MOSFET low during a transient condition.

© 2004 Microchip Technology Inc.
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Figure 6 shows two different gate drive configurations
using gate drive transformers. Gate drive transformers
can be used in both high- and low-voltage applications
where an isolation boundary between the control
circuitry and the power MOSFET is needed for either
safety regulations or for a situation in which a high-side
floating gate drive is required.

Circuits A and B in Figure 6 show a gate drive trans-
former being used in a single-switch forward applica-
tion. The resistor and capacitor that are in series with
the MOSFET driver output and gate drive transformer
are used to balance the volt-time of the gate drive
transformer. Because the volt-time of the gate drive
transformer must be balanced (as is the case with any
transformer), a negative gate-to-source voltage is also
applied to the gate of the power MOSFET during the off
time of the switching cycle. This can often cause switch-

ing time delays at turn-on. If this is an undesired effect,
the circuit configuration in B can be used. This circuit
uses the negative gate drive voltage to turn on the
additional small-signal FET that shorts the gate-to-
source node of the main power MOSFET in order to turn
it off and keep the gate voltage at OV. The drive config-
urations shown in A and B can be used for a two-switch
forward topology as well.

MOSFET Driver IC

MOSFET Driver IC

Transformer
Winding

A) Single-switch forward
gate drive scheme

&3

Transformer
winding

ouT | ]
I
I j
GND

]

B) Single-switch forward gate drive scheme
with circuitry to remove the negative gate
drive voltage to the MOSFET.

FIGURE 6:

Gate Drive Transformer Applications.
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MICROCHIP MOSFET DRIVER
FAMILIES

Microchip offers several MOSFET driver families.
These are:

TC426\27\28 (Dual Output 1.5A)
TC1410\11\12\13 (Single Output 0.5A to 3.0A)
TC1426\27\28 (Dual Output 1.5A)
TC4426\27\28 (Dual Output 1.5A)
TC4426A\27A\28A (Dual Output 1.5A)
TC4403 (Split Output 1.5A)
TC4404\05 (Dual Output 1.5A)
TC4420\29 (Single Output 6.0A)
TC4421\22 (Single Output 9.0A)
TC4431\32 (Single Output 1.5A, 30V)
TC4467\68\69 (Quad Output 1.2A)
TC4626\27 (Single Output 1.5A)

The TC426 was the world's first CMOS MOSFET
driver. It was a dual-output device capable of up to 1.5A
peak currents at 18V. This 1.5A driver also came in two
other versions, the dual non-inverting TC427 driver and
one inverting plus one non-inverting in the TC428
driver.

The TC4426 family is the second generation of the
TC426 family that, through improved processing and
design, has less propagation delay and draws half the
power of the first generation. These improvements
have been incorporated into all drivers with four
numeric digits in the part number.

Another important improvement in the second-genera-
tion families is their ability to have the input signal oper-
ate below the negative rail (ground) by as much as 5V.
This parameter is very useful in systems where the
control circuit ground is not closely tied to the power or
source ground of the MOSFET. These two grounds
often move relative to one another.

The TC4426A family of drivers incorporates all of the
improvements of the TC4426 family, in addition to
having matched propagational delay times. With
matched propagational delay times and matched rise
and fall times, this family of drivers is an ideal choice
when duty cycle integrity is important.

The TC1426\27\28 family is a special, low-cost version
of the TC426\27\28 family that does not have the
below-rail protection on the input. It is a good choice for
large-volume OEMs.

Following the same part numbering pattern as the 1.5A
TC426\27\28 family, the TC4423\24\25 family of dual
drivers has a 3A output capacity. The TC4424 is a dual
non-inverting driver and the TC4425 is one inverting
plus one non-inverting driver.

The TC4429 is a single inverting driver (like its prede-
cessor the TC429), while the TC4420 is non-inverting.
This family has a 6A drive capability at 18V. The
TC4429 can slew a 10,000 pF load at 18V in 65 nsec,
typically.

The TC4421 (inverting) and TC4422 (non-inverting)
are a family of 9A, single-output MOSFET drivers that
are pin-compatible with the TC4420/29 6A MOSFET
drivers. This provides a nice migration path for those
applications that may need more gate drive current
capability than the 6A family can deliver. The
TC1410(N), TC1411(N), TC1412(N), TC1413(N),
TC4420/29 and TC4421/22 are all single-output drivers
that are pin-compatible with each other.

Table 3 on the following page shows the performance
of the various drivers under production test methods.
The characteristics of those drivers are detailed in their
individual data sheets. This table is intended only as a
guide for comparing specifications.

© 2004 Microchip Technology Inc.
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The following families of power drivers are made with a
CMOS process to interface between low-level control
functions and high-power switching devices, particu-
larly power MOSFETs. The devices are also an
optimum choice for capacitive drivers where 1.2A thru
9A may be switched. Both inverting and non-inverting
outputs are available, as well as dual-input logic gates.

Microchip offers additional MOSFET drivers that are
not listed in Table 3. For a complete listing of
Microchip's 38 MOSFET driver product offerings,
please visit our web site at www.microchip.com.

TABLE 3: SELECTING MOSFET DRIVERS
Number of Outputs Rise Rising | Falling Input
Peak and Type Time @ | FallTime | Edge Edge | Protected
Drive Gate Rated @ Rated | Prop. Prop. to 5V
Device |Current Non- | Capacitance Load Load Delay Delay Below
No. (A) Inverting | Inverting (pF) (nsec) (nsec) (nsec) | (nsec) | Gnd Rail
TC1426 1.2 Dual — 1000 35 25 75 75 No
TC1427 1.2 — Dual 1000 35 25 75 75 No
TC1428 1.2 Single Single 1000 35 25 75 75 No
TC4426 15 Dual — 1000 19 19 20 40 Yes
TC4427 15 — Dual 1000 19 19 20 40 Yes
TC4428 15 Single Single 1000 19 19 20 40 Yes
TC4426A 15 Dual — 1000 25 25 30 30 Yes
TC4427A 15 — Dual 1000 25 25 30 30 Yes
TC4428A 15 Single Single 1000 25 25 30 30 Yes
TC4423 3.0 Dual — 1800 23 25 33 38 Yes
TC4424 3.0 — Dual 1800 23 25 33 38 Yes
TC4425 3.0 Single Single 1800 23 25 33 38 Yes
TC4420 6.0 — Single 2500 25 25 55 55 Yes
TC4429 6.0 Single — 2500 25 25 55 55 Yes
TC4421 9.0 Single — 10,000 60 60 30 33 Yes
TC4422 9.0 — Single 10,000 60 60 30 33 Yes
TC4467 1.2 Quad NAND 470 15 15 40 40 Yes
TC4468 1.2 Quad AND 470 15 15 40 40 Yes
TC4469 1.2 Quad AND/INV 470 15 15 40 40 Yes
CONCLUSION

There are many parameters to consider when match-
ing the appropriate MOSFET driver to the MOSFET in
your application. However, by following the steps laid
out in this Application Note, the proper selection can be
made. Table 3 is intended to be used as a general
guide to help in narrowing-down the search.

As with any electronic device, no one device is appro-
priate for every application, which is why Microchip
Technology supplies a variety of MOSFET driver
current ratings, output drive polarities and input logic
configurations.
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. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
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property rights.
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Wan Tai Bei Hai Bldg.

No. 6 Chaoyangmen Bei Str.
Beijing, 100027, China

Tel: 86-10-85282100

Fax: 86-10-85282104
China - Chengdu

Rm. 2401-2402, 24th Floor,
Ming Xing Financial Tower
No. 88 TIDU Street
Chengdu 610016, China
Tel: 86-28-86766200

Fax: 86-28-86766599
China - Fuzhou

Unit 28F, World Trade Plaza
No. 71 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7503506

Fax: 86-591-7503521
China - Hong Kong SAR
Unit 901-6, Tower 2, Metroplaza
223 Hing Fong Road

Kwai Fong, N.T., Hong Kong
Tel: 852-2401-1200

Fax: 852-2401-3431

China - Shanghai

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700

Fax: 86-21-6275-5060

China - Shenzhen

Rm. 1812, 18/F, Building A, United Plaza
No. 5022 Binhe Road, Futian District
Shenzhen 518033, China

Tel: 86-755-82901380

Fax: 86-755-8295-1393

China - Shunde

Room 401, Hongjian Building, No. 2
Fengxiangnan Road, Ronggui Town, Shunde
District, Foshan City, Guangdong 528303, China
Tel: 86-757-28395507 Fax: 86-757-28395571
China - Qingdao

Rm. B505A, Fullhope Plaza,

No. 12 Hong Kong Central Rd.

Qingdao 266071, China

Tel: 86-532-5027355 Fax: 86-532-5027205
India

Divyasree Chambers

1 Floor, Wing A (A3/A4)

No. 11, O’Shaugnessey Road

Bangalore, 560 025, India

Tel: 91-80-22290061 Fax: 91-80-22290062
Japan

Yusen Shin Yokohama Building 10F

3-17-2, Shin Yokohama, Kohoku-ku,
Yokohama, Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122
Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea 135-882

Tel: 82-2-554-7200 Fax: 82-2-558-5932 or
82-2-558-5934

Singapore

200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-6334-8870 Fax: 65-6334-8850
Taiwan

Kaohsiung Branch

30F-1No.8

Min Chuan 2nd Road

Kaohsiung 806, Taiwan

Tel: 886-7-536-4816

Fax: 886-7-536-4817

Taiwan

Taiwan Branch

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139
Taiwan

Taiwan Branch

13F-3, No. 295, Sec. 2, Kung Fu Road
Hsinchu City 300, Taiwan

Tel: 886-3-572-9526

Fax: 886-3-572-6459

EUROPE

Austria

Durisolstrasse 2

A-4600 Wels

Austria

Tel: 43-7242-2244-399

Fax: 43-7242-2244-393
Denmark

Regus Business Centre
Lautrup hoj 1-3

Ballerup DK-2750 Denmark
Tel: 45-4420-9895 Fax: 45-4420-9910
France

Parc d’Activite du Moulin de Massy
43 Rue du Saule Trapu
Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20

Fax: 33-1-69-30-90-79
Germany

Steinheilstrasse 10

D-85737 Ismaning, Germany
Tel: 49-89-627-144-0

Fax: 49-89-627-144-44

Italy

Via Salvatore Quasimodo, 12
20025 Legnano (MI)

Milan, Italy

Tel: 39-0331-742611

Fax: 39-0331-466781
Netherlands
Waegenburghtplein 4
NL-5152 JR, Drunen, Netherlands
Tel: 31-416-690399

Fax: 31-416-690340

United Kingdom

505 Eskdale Road

Winnersh Triangle
Wokingham

Berkshire, England RG41 5TU
Tel: 44-118-921-5869

Fax: 44-118-921-5820
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