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Abstract—Overheating is identified as a primary cause of failure in semiconductor devices, lead-
ing to both immediate and progressive malfunctions. In this application note, the foundational
concepts of thermal modelling for semiconductor devices with a focus on IGBT modules are
explored. The application of Cauer and Foster models for the estimation of junction tempera-
tures during both steady-state and transient operations is also discussed. This discussion is sup-
plemented by simulation examples to provide comprehensive insights.

1 Introduction

During operation, power semiconductor
switching devices, such as IGBT modules, gen-
erate losses that result in increased temperatures
across various components of the module. The
IEC 60747-9 standard specifies a spectrum of
temperature ratings for IGBTS, including case
temperature, T;, and virtual junction tempera-
ture, Ty; [1].

Given that IGBT modules exhibit varying
power losses depending on the operating condi-
tions of the load, it is critical to select an IGBT

module that is not only appropriate for the in-
tended load but is also paired with the cooling
system to mitigate the risk of thermal runaway
and early failure. Moreover, to enhance the du-
rability of IGBT modules, it is essential to
maintain minimal temperature fluctuations dur-
ing operation, as significant temperature varia-
tions can induce substantial internal mechanical
stress, shortening the module's operational life.

The thermal behavior of power semiconductor
devices can be effectively estimated using RC
thermal models, where "RC" stands for "Ther-
mal Resistance-Capacitance”. Thermal imped-
ance, Zy,, combining thermal resistance, Ry,—
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Table 1. Analogy between electrical and thermal parameters.

Electrical pa- Voltage V Current I Resistance R Capacitance C
rameter ) A) Q) F
LCEWNETEl B Temperature T Power P Thermal resistance Ry, | Thermal capacitance Cy,
eter (°C) (W) (°CIW) J/°C)

TA{ — @TB

Heat flow Py

Figure 1. Thermal circuit example.

the opposition to heat flow, measured in
°C/W—and thermal capacitance, C;,—the ca-
pacity to store thermal energy, measured in
J/I°C, is the key parameter for thermal model-
ling. These elements are fundamental for ana-
lysing both the steady-state (stationary) and
transient thermal behaviours, ensuring the de-
vice's performance and reliability through ef-
fective thermal management.

These terms (Zy,, Ry, and Cyy,) draw parallels
with electrical circuits to conceptualise heat
flow in devices. This concept of thermal-elec-
trical analogy is encapsulated in Table 1. The
thermal resistance and capacitance of a semi-
conductor device can be equivalently repre-
sented by the electrical resistance and capaci-
tance. By considering electrical current as anal-
ogous to power and potential difference as anal-
ogous to temperature difference, any thermal
circuit can be managed in a similar manner to
an electrical circuit. For example, the thermal
circuit presented in Figure 1 demonstrates how
to obtain the temperature difference between
two specific points (such as A and B) of a de-
vice, when there is a heat flow equal P, be-
tween those two points (assuming the thermal
capacitance is negligible). According to Table
1 and Figure 1, T, can be calculated from (1)
if Tg is known, where Ry, a—g) is the thermal

resistance between points A and B.

Ta = Rina-p)PL + T3 1)

q

Rina-B)

2 Thermal impedance and
resistance determination

2.1 Temperature definition

The junction temperature refers to the internal
temperature of the semiconductor chip, which
is critical to the device's power losses and safe
operating areas. Given that the chip's tempera-
ture is not uniform, the concept of virtual junc-
tion temperature, T;, is introduced. Ty; can be
regarded as the average temperature across the
chip, based on the assumption of uniform cool-
ing. Additionally, thermal impedance and re-
sistance of junction to case, denoted as Zy,j—)
and Ry (j-c) are specified in relation to T;, as
outlined in IEC 60747-9.

For the rest of this application note, when refer-
ring to junction temperature, denoted by Tj as
its symbol, it specifically addresses the concept
of virtual junction temperature, Ty;.

The term T;_n,ax indicates the highest permissi-
ble junction temperature during the device's ac-
tive state. The IGBT module baseplate temper-
ature, known as the case temperature, T;, may
vary from T;. Furthermore, the temperature of
the heatsink, Ty, refers to the surface tempera-
ture of the heatsink to which the power module
is attached. The heatsink and its cooling system
are designed to efficiently manage the dissipa-
tion of heat. Through thermal analysis, it is cru-
cial to consistently ensure that the device re-
mains within its operational temperature limits
and does not surpass its Tj max during opera-
tion.
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2.2 Temperature determination

T; can be measured indirectly using a character-
istic of the device that is sensitive to tempera-
ture changes, such as IGBT collector-emitter
saturation voltage, Vcg sa¢, Or Diode forward
voltage, Vg, at low current. Consequently, a cal-
ibration curve, for example, Vcg gat as a func-
tion of T; (i.e., Vg _sar = f(T5)), need to be es-
tablished so that it can be later used for T; meas-
urement. This calibration involves recording
the curve while applying uniform and homoge-
neous external heating to the power device until
thermal equilibrium is achieved at each meas-
urement point. The current through the device
during measurement should be maintained at a
very low level to ensure internal heat generation
is insignificant. This indirect T; measurement

can be considered T;.

An exemplar calibration curve used to deter-
mine T; by measuring the saturation voltage at
a defined measuring current is presented in Fig-
ure 2. It should be mentioned that at very low
current levels, IGBTSs usually display a negative
temperature coefficient for Vg so¢ and there-
fore Vg _sa reduces with the increase of Tj.

T. and T, are usually measured using thermo-
couples. These thermocouples are designed to
be thermally isolated along their length, with
the exception of their upper ends. It is at these
points that they make direct contact with the
module's baseplate and the heatsink. For precise
measurement, the axis of each thermocouple
should be strategically positioned at the center
of each chip.

2.3 Thermal impedance meas-

urement procedure
The methodology for measuring thermal im-
pedance, as outlined in IEC 60747-9, is pre-
sented in Figure 3. This process involves ap-
plying a constant power, Pgeyice, t0 the IGBT
module by inducing a current flow that leads to
a stable Tj after an initial transient phase. Once
the power is switched off, the module's cooling
process is monitored and Tj, T. and Ty, are
measured using the methods presented in sec-
tion 2.2.

Thermal resistance, denoted as Ripx—y) (Where
X' and 'y' can represent 'j' for junction, ‘c' for
case, and 'h' for heatsink) is calculated by taking

» 1:(°C
60 80 >T;(C)

Figure 2. Exemplar calibration curve meas-
ured at a low constant current with the ex-
ternal heating (when heated from outside,
T;=T,).

the temperature difference at time equals zero
(difference of T, (t = 0) and T, (¢ = 0)) and di-
viding it by Pgevice @S presented by (2). To
compute the time-dependent thermal imped-
ance, Zmx—y)(t), the recorded temperature tra-
jectories are reflected vertically and reposi-
tioned to the coordinate system's origin. Subse-
quently, Z x—y)(t) is determined by dividing
the temperature difference between Ty (t) and
Ty (t) at any given time by Pgeyice as presented

by (3).
Te(t = 0) — T, (t = 0)

Rth(X_Y) B Pdevice (2)
T (t) — Ty (t)
Zih(x—y)(£) = oo (3)

The efficiency of the cooling path from the
junction to the ambient environment signifi-
cantly influences the thermal impedance of the
power module. Water-cooled heatsinks are
known for their effective cooling capabilities
that minimises heat spreading and leads to more
efficient heat dissipation. In contrast, air-cooled
heatsinks, which are generally less efficient, re-
sult in greater heat distribution to neighbouring
components. The thermal impedance of the
power module is typically increased with more
efficient cooling methods that effectively limit
heat spreading. Therefore, when measuring the
module Z, and Ry, , efficient water-cooled
heatsinks should be used to resemble the worst-
case scenario. Additionally, the thermal re-
sistance of the thermal interface material (T1M)
plays a vital role in influencing the module's
thermal impedance. Consequently, it is essen-
tial to aim for the highest quality in the TIM
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The cooling phase curves are
mirrored vertically and aligned with
the origin on the temperature-time
(T-t) plane.

t(s)

>
/ T, 0
— > t(s)

Figure 3. Methodology of thermal impedance measurement.

layer. For detailed instructions on the correct
mounting of an IGBT module, please refer to
Dynex application note AN4505 [2].

3 Thermal equivalent cir-

cuit models

The method for calculating the steady-state T;
of IGBT and Diode, given the known power
losses of the IGBT chips and diode chips
(where diodes are present), is straightforward
when using a one-dimensional thermal circuit,
as presented in Figure 4. This thermal circuit
enables easy electrical analysis (as detailed in
section 1) or simulation to determine the
steady-state T; for both the IGBT and diode. In
this thermal circuit, the thermal resistances for
the IGBT (Rth(j—c)_IGBT)i diode (Rth(j—c)_diode)a
from the case to heatsink (R (c—n)), and from
the heatsink to ambient (Rupm-a)) Can be
sourced from datasheets. Further details on this
calculation method are available in the Dynex
application note AN6156 [3].

In certain cases, the transient thermal response
of the IGBT module is just as crucial as its
steady-state performance. Under these condi-
tions, thermal capacitors should not be regarded
as open circuits; instead, they must be incorpo-
rated into the thermal circuit analysis. To accu-
rately investigate the thermal dynamics of sem-
iconductor components in both transient and
steady-state operations, various equivalent cir-
cuit models have been developed. Among
these, the Cauer and Foster models are particu-
larly notable. These models offer a comprehen-
sive view of semiconductor thermal behavior
under both transient and steady-state conditions
and are thoroughly examined in this section.

3.1 Cauer model

The Cauer model, as shown in Figure 5, accu-
rately represents the physical configuration of
the module by including thermal capacitances
and thermal resistances of each layer. This
model is particularly effective when the proper-
ties of each layer within the module are known,
allowing for the calculation or simulation of the
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Pdiodc

Rih(j-c) diode

T; diode
Rih(j-c) IGBT

R th(c-h)

R th(h-a)

_|

I_l

1 T; 1GBT
PiGBT

1,

Figure 4. Thermal circuit for steady-state junction temperature estimation using one-dimen-
sional thermal circuit. T, is the ambient temperature.

T; Rip 1 R 2

Rin 3

R th n

[+ 1

—

C

Cth 1 :-E Cth 2 :-E

th_3 I

C th n :-E

T,

Figure 5. Cauer model. The RC elements are assigned to the package layers and represent the
physical property and packaging structure of the module.

thermal resistance and capacitance of each
layer. However, accurately representing how
heat spreads across these layers remains a chal-
lenge and thicker layers might need to be di-
vided into several RC elements (thermal resis-
tor, Ry, j, and thermal capacitor, Cy, ;).

The Cauer model organises the module struc-
ture into distinct n layers—such as the chip,
chip solder, substrate, substrate solder, and base
plate—each associated with specific RC ele-
ments. Therefore, this arrangement facilitates
monitoring the internal temperatures through-
out the different layers of the semiconductor,
providing detailed insights into its thermal be-
havior.

3.2 Foster model

Creating an accurate Cauer model tends to be
challenging due to the necessity of precisely un-
derstanding the internal geometry, materials,
and effective heat pathways within the device.
Cauer model also often requires the use of finite
element method (FEM) for accurate determina-
tion of RC elements. Conversely, the Foster
model, shown in Figure 6, has wider popularity
for its simpler approach. It derives its RC

elements from the thermal impedance of the de-
vices through mathematical calculation. There-
fore, this model does not rely on detailed
knowledge of the device's internal structure or
material composition, making it more accessi-
ble and practical choice.

IGBT module datasheets commonly present
thermal impedance characteristics, Z,. For ex-
ample, in Figure 7, the Zy, curve of Dynex
module DIM1000ASM65-UF000 is shown. In
the Foster model, the RC elements are chosen
to match the numerical Zy, characteristics, as
presented in (4). The values of the RC elements
in the Foster model do not directly correspond
to the physical layers of the module and they
basically have no physical meaning.

As presented in (4), the thermal impedance's an-
alytical expression can be defined using the var-
iables Ry, ; and Ty, j, Where tyy,  is the product
of Rep i and Cin i (Teh i = Reni X Ceni). The
specific number, n, of RC (resistor-capacitor)
terms in the Foster model is not critical; the pri-
mary goal is for the model to accurately align
with measured Zy, data.
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Rip 1 Rin 2 R 3 Rih n
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o—— Enm—
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11 |} 1 1
Cth 1 Cth_2 Ci 3 Cth n

Figure 6. Foster model. The RC elements are curve-fitting parameters and do not represent the
physical property and packaging structure of the module.

n
-t
Zing-o)(O) = z Ryp i(1—e®mi)  (4)
7

The Foster model simplifies the representation
of thermal impedance, focusing on achieving a
good fit with practical Z;, data rather than de-
tailing the physical properties of the system.
Therefore, this model lacks the detailed insights
that the Cauer model offers, and it performs
well only when the temperature of the device's
case remains constant, a condition that may not
always be met in practical applications.

3.3 Thermal modelling of the
connected module and
heatsink

In practical applications, a power module is typ-
ically mounted on a heatsink using an interface
material, like thermal grease, to ensure optimal
thermal contact. This setup results in the ther-
mal impedance of the interface material and the
heatsink being connected in series with the ther-
mal impedance of the module itself. The ques-
tion that arises is: which model, Cauer or Fos-
ter, performs better when connected to external
thermal resistors/capacitors?

3.3.1 Thermal model of a system:
Cauer model

A straightforward approach is the series con-

nection of the Cauer model of the module, the

thermal resistance, Ry, Tiv, and capacitance,

Cen_tim, Of the TIM and the thermal resistance,

R n, and capacitance, Cy, 1, Of the heatsink.

The Cauer model, along with the integration of
similar individual models of TIM and heatsink,
effectively shows the physical principle where
individual layers sequentially transfer heat to
each other. In this framework, heat flow, repre-
sented as the current in the model from Figure
8, travels to the heatsink, introducing a

measurable delay before the heatsink absorbs
the heat. This gradual process can be accurately
modeled through simulations or calculation.
This method provides a detailed understanding
of how heat propagates through the system, al-
lowing for a precise analysis of thermal dynam-
ics within layered structures. It's worth noting
that accurately representing the heatsink's ther-
mal model may require the inclusion of multi-
ple RC branches.

Even though this method provides results with
a good accuracy, the problem is datasheets usu-
ally do not provide Cauer model and it needs a
detailed thermal analysis of the entire setup us-
ing FEM for the specific operating condition.

3.3.2 Thermal model of a system: Fos-
ter model

An alternative strategy involves creating a se-

ries connection using the Foster model of the

module using the data specified in its datasheet,

100

R IGBT
—— —— Ry, Diode

10

Transient thermal impedance, Zijc) - (°C/kW)

1
0.001 0.01 0.1 1 10
Pulse width, t, - (s)

Figure 7. Transient thermal impedance of
DIM1000ASM65-UF000.
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When a module includes several IGBTs and diodces, their thermal Cauer models are connected in parallel,
with the arrangement of their RC elements which may be different according to the topology.

diode

T diode Ryp Rep 2 Rih 3

]
Illylil

Tj 1GBT Ry 1 RTh_Z' R 3

T
T

T T

C th_

T
T

Cth_n'I rrrrrrrrrrrrrrrrrrrrrrr

R th_n

Heatsink

Ta

Figure 8. Series connection of the entire thermal system using Cauer model. Complicated

heatsinks may require multiple RC branches.

When a module includes several IGBTs and diodes, their thermal Foster models are connected in parallel,

with the arrangement of their RC elements which may be different according to the topology.

R 1 Ryp 2 R 3

p . -
diode ]J‘_dimlc

Rih

Heatsink

Pt
1GBT T 16BT

Figure 9. Series connection of the entire thermal system using Foster model. Complicated

heatsinks may require multiple RC branches.

and connecting it in series with Foster models
of the TIM and the heatsink. This method,
which is shown in Figure 9, does not need any
detailed FEM and can easily be used to estimate
T; . However, this method of linking Foster
models in series is prone to yielding less accu-
rate outcomes, particularly in the transient re-
sponse.

When employing the Foster model, at the be-
ginning of the current conduction, the generated
heat is transmitted directly through the heat ca-
pacitors (capacitors behave basically like a
short-circuit at the beginning of the transient) to
the thermal resistance of the TIM, resulting in
an instantaneous temperature increase in the
case. This immediate change also leads to a step
response in Tj, showing a direct and rapid effect
of heat flow on the thermal characteristics of the

system. As a consequence, in the Foster model,
T, and Tj can be too high at the beginning of the
transient period. This discrepancy (error) be-
comes even more severe in the case of heatsinks
with low time constants (such as those that are
water-cooled).

When power loss (generated heat) varies over
time, the capacitors in the Foster model are un-
able to effectively transfer the heat to the case
with delay (as would be expected in practical
scenarios). In other words, in a Foster model,
thermal resistances and capacitances are con-
nected in parallel, implying that heat flows sim-
ultaneously through all paths, which does not
accurately reflect the physical propagation of
heat through the material layers. Consequently,
generated heat is directly transferred to the ther-
mal resistance of the TIM during each transient,
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resulting in significant oscillations. Therefore,
the simplification involved in the series connec-
tion of Foster models can introduce significant
errors.

On the other hand, when the T, can be assumed
constant (for instance, when the load duration is
negligibly short compared to the time constants
of the heatsink) and for a stationary operating
result, the Foster model can be sufficiently ac-
curate. In addition, if an IGBT setup is imple-
mented and its power 10Sses, Pgeyice(t), are
known, calculating the T; becomes possible
through direct measurement of the case temper-
ature, T.(t). In other words, once the Tis
known, it can be effectively utilised in the Fos-
ter model to calculate T; with a better accuracy
and the thermal modelling of the TIM and
heatsink is not needed anymore.

By measuring the thermal impedance with the
entire assembly, including the module, TIM,
and heatsink, the thermal impedances of the
TIM and heatsink are integrated into the mod-
ule's overall thermal impedance. As a result, in
the Foster thermal model obtained from this
thermal impedance, there is no small capaci-
tance at the end of the chain (see Figure 9), pre-
venting an immediate increase in the junction
temperature. This method is the most accurate,
but it necessitates setting up the complete sys-
tem and conducting thermal impedance meas-
urements as detailed in section 2.3.

It should be noted that if the datasheet specifies
the thermal resistance from case to heatsink
separately for the IGBT and diode, Ry, mim
should be calculated as their parallel equivalent.

3.3.3 Thermal model of a system:
Transforming the Foster model
to the Cauer model

The Foster model can be converted to a Cauer

model through mathematical transformation, as

outlined in [4], and the new model can be again
used in Figure 8. Converting the characteristics
outlined in the datasheet (such as thermal dia-
grams or the Foster model data) to a Cauer
Model is feasible, but it is not a one-to-one
transformation and may result in varying Ry, ;
and Cyp ; values for identical Z,j_¢) character-
istics. In other words, this conversion process
does not accurately reflect the physical layer-
ing, and particularly, the total thermal capaci-
tance of the transformed model can

significantly differ—Dby orders of magnitude—
from the actual effective heat capacity of the
power module. Therefore, when such a model
is integrated with a heatsink, the resulting ther-
mal impedance from junction to ambient
(Ztn(j-a)) Of the combined system could be con-
siderably inaccurate. However, this approach
benefits from the structure of the Cauer model,
resulting in enhanced accuracy for estimating
the junction temperature during transient oper-
ations.

3.3.4 Thermal model of a system: Sim-
ulation

To validate the claims made regarding the Fos-
ter model and the transformed Cauer model,
this section offers a comparative analysis.
Firstly, the real Cauer model of an IGBT mod-
ule is derived from knowledge of structure. Sec-
ondly, by simulating the real Cauer model in
PLECS and utilising the thermal circuit pre-
sented in Figure 5 and (4), the thermal imped-
ance and the Foster model of the IGBT module
are obtained. Following this, the Foster model
can be transformed into a Cauer model through
mathematical transformation, as outlined in [4]
(PLECS can also be used to transform the Fos-
ter model into a Cauer model). As the three
models have identical thermal impedance
curve, this process enables a comparison be-
tween the Foster model and the converted
Cauer model, with the real Cauer model serving
as the benchmark.

When there is a constant power loss in the
IGBT, the junction temperatures derived from
the three models are obtained through simula-
tion in PLECS and presented in Figure 10. Ini-
tially, during the transient period, the Foster
model exhibits a significant discrepancy when
compared to the real Cauer model.
Additionally, the converted Cauer model also
shows some discrepancies, indicating it does
not possess the same thermal capacitance as the
real Cauer model, despite both models sharing
identical thermal impedance curve. Neverthe-
less, both the Foster and Cauer models achieve
a good level of agreement with the real Cauer
model in the steady-state.
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Figure 10. Real Cauer, converted Cauer and Foster model comparison under constant power

loss. (a) For transient. (b) For steady-state.
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Figure 11. Junction temperature comparison of (a) the real Cauer model, (b) the converted
Cauer model, and (c) the Foster model under variable power loss at a frequency of 50 Hz.
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Figure 12. Junction temperature comparison of (a) the real Cauer model, (b) the converted
Cauer model, and (c) the Foster model under variable power loss at a frequency of 500 Hz.

The comparison becomes more interesting
when the power loss is not constant over time,
reflecting a more realistic scenario. T; calcu-
lated using the three models, when the power
loss follows a half-rectified sine wave shape,
are presented in Figure 11 and Figure 12 for

frequencies of 50 Hz and 500 Hz, respectively.
Once again, the Foster model leads to greater
oscillation, as the configuration of capacitors in
parallel with resistors fails to effectively filter
and suppress these high frequency oscillations.
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4 Final remarks

The most reliable thermal impedance of a sys-
tem (junction to ambient, Zy,j_4)) can be
achieved by a direct measurement, as outlined
in section 2.3, of the full setup including the
module, TIM and heatsink. Later an analytical
Foster model can be fitted to this measurement.
Therefore, this method delivers a Foster model
of the entire system, with which the junction
temperature can be calculated fault-free.

When direct measurement of the entire system
is impractical, and there is a need to integrate
module and heatsink models, the uncertainty—
particularly in transient scenarios—signifi-
cantly increases. Under these circumstances, it's
advisable to introduce reasonable margins. The
most effective approach in such instances is to
employ series-connected Cauer models, follow-
ing their transformation from the Foster model.
However, it is essential to ensure that the Cauer
models accurately reflect the module's physical
properties, especially concerning total heat ca-
pacity.

If the Foster models of a system must be con-
nected together for any reason, the limitations
and possible significant errors of this approach
should be considered. However, when the case
temperature can be assumed constant (for ex-
ample, when the load duration is negligibly
short compared to the heatsink's thermal time
constant), the junction temperature during the
short transient can be accurately calculated by
only considering the thermal impedance of the
module and neglecting the rest. Additionally,
for stationary operating conditions, the Foster
model can provide sufficient accuracy.
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IMPORTANT INFORMATION:
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the completeness of the product data for the application. The user is responsible for product selection and ensuring all safety and
any warning requirements are met. Should additional product information be needed please contact Customer Service.

Although we have endeavoured to carefully compile the information in this publication it may contain inaccuracies or typographical
errors. The information is provided without any warranty or guarantee of any kind.

This publication is an uncontrolled document and is subject to change without notice. When referring to it please ensure that it is
the most up to date version and has not been superseded.

The products are not intended for use in applications where a failure or malfunction may cause loss of life, injury or damage to
property. The user must ensure that appropriate safety precautions are taken to prevent or mitigate the consequences of a
product failure or malfunction.

The products must not be touched when operating because there is a danger of electrocution or severe burning. Always use
protective safety equipment such as appropriate shields for the product and wear safety glasses. Even when disconnected any
electric charge remaining in the product must be discharged and allowed to cool before safe handling using protective gloves.

Extended exposure to conditions outside the product ratings may affect reliability leading to premature product failure. Use outside
the product ratings is likely to cause permanent damage to the product. In extreme conditions, as with all semiconductors, this
may include potentially hazardous rupture, a large current to flow or high voltage arcing, resulting in fire or explosion. Appropriate
application design and safety precautions should always be followed to protect persons and property.

Product Status & Product Ordering:

We annotate datasheets in the top right-hand corner of the front page, to indicate product status if it is not yet fully approved for
production. The annotations are as follows: -

Target Information: This is the most tentative form of information and represents a very preliminary specifi-
cation. No actual design work on the product has been started.

Preliminary Information: The product design is complete and final characterisation for volume production is in
progress. The datasheet represents the product as it is now understood but details may
change.

No Annotation: The product has been approved for production and unless otherwise notified by Dynex

any product ordered will be supplied to the current version of the data sheet prevail-
ing at the time of our order acknowledgement.

All products and materials are sold, and services provided subject to Dynex’s conditions of sale, which are available on request.

Any brand names and product names used in this publication are trademarks, registered trademarks, or trade names of their
respective owners.

HEADQUARTERS OPERATIONS CUSTOMER SERVICE

DYNEX SEMICONDUCTOR LIMITED Phone: +44 (0) 1522 502753 / 502901
Doddington Road, Lincoln, Lincolnshire, LN6 3LF

United Kingdom. e-mail: powersolutions@dynexsemi.com

Phone: +44 (0) 1522 500500

Web: http://www.dynexsemi.com
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