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ABSTRACT

In this project, effectiveness performances of COOLMOS and MOSFET switches in a
single phase full bridge high frequency inverter circuit are investigated and compared
in terms of output voltage and current waveform, switching losses and efficiency of
the circuit catering for Uninterruptible Power Supply (UPS) system. Recently,
semiconductor field came out with the latest technology of MOSFET family known
as COOLMOS which is specified by the manufacturers to have lower switching
losses with greater efficiency at lower cost. Therefore, the superior performances of
COOLMOS over MOSFET in a single phase full bridge high frequency inverter
design for UPS application are to be verified. The project is executed using
simulation in the Cadence PSpice 14.2 software as well as by experimentation on the
Printed Circuit Board (PCB) layout. The layout of inverter circuit configuration is
designed by using Multisim and transferred to the Ultiboard 2001 software. The
simulation outcomes are confirmed to be as per theoretical study before comparing
them with the experimentation results. From the simulation investigation of both
switches, COOLMOS indicates better performances by having switching energy
losses are reduced up to more than 50% compared to MOSFET and able to cater for
high voltage application. Consequently from the experimentation the PCB layout,
COOLMOS is validated to have superior performances compared to MOSFET in

terms of experiencing lower switching energy losses.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

In this project, a design for a 300W uncontrolled isolated inverter circuit is done for
the conversion of energy from direct current (DC) power supply to alternating current
(AC) power to be used in a high power UPS application. The configuration is
achieved using a single phase full bridge high frequency inverter with MOSFET and
COOLMOS acts as the switches. The switching frequency of this inverter circuit is
selected to be 500 kHz since at this frequency the acoustic noise and distortion at the
AC outputs can be eliminated. The inverter circuit is operated with a constant input of
150V-de supply to fulfill the demands of a high rated voltage for the UPS application.
The duty ratio of the switches is fifty percent (50%) as to generate an equal

proportion of positive and negative cycle at the AC output waveforms.

Basically, this project is carried out by two students whereby the author is focusing
on the effectiveness performances of COOLMOS switches in the single phase full
bridge high frequency inverter design. Meanwhile, the investigation of MOSFET
performances is done by the author's project partner, Nur Alina Jelani. The
effectiveness performances of COOLMOS and MOSFET switches are investigated,
analyzed and compared in terms of its output voltage and current waveform,
switching losses as well as the efficiency of the inverter circuit. MOSFET is a
commonly use power switches. Meanwhile, COOLMOS is the latest revolutionary

technology specifically designed for a higher voltage application (> 600 Volts).

At the end of this project, the most efficient switches between COOLMOS and
MOSFET performed in the inverter circuit for UPS application is concluded by

comparing the switching energy losses as well as the efficiency.



1.2  Problem Statement

The reliability of power supply is very important since minor disturbances may cause
severe damage to the electronic components. Power problems may cause unplanned
shutdowns and leads to the important data losses. These problems will affect the
profitability of an organization especially the manufacturing company. This issue
~might not be affected much on residential consumers but it becomes a major concern
for the industrial consumers in a public service industry, government department,

telecommunications and security establishments.

Power quality study has been widely done by various organizations and it reveals that
the average computer system is subjected to 289 potentially damaging power
disturbances per year [1]. Therefore, one of the best solutions to overcome this
problem is by providing the system with highly reliable and capable UPS which will
maintain a stable power supply regardless of the mains supply quality. Here, an
inverter circuit which is part of the UPS system is studied in order to produce a highly
reliable UPS system. Based on some researches, there have been many ways of
approaches in the inverter circuit design as to provide an efficient AC outputs. One of
the approaches having simple circuit configuration and highly efficient, but unsafe
stnce the front-end and the inverter stages share the power switches without providing
“an isolation between the main line and the load [2]. However, there is an existing
good dynamic response of inverter which offers isolation between main line, the
battery set and the load but the circuit and operation topology is rather complex [3].
[solation between the main line and the load is needed if the inverter circuit is
operated at the DC power supply of higher than 60V mainly for the load protection
purposes. Thus, in this project isolation transformer is implemented between the main

line and the load while maintaining the simplicity of the circuit configuration.

Another solution to provide a highly reliable UPS system is by selecting the most
efficient switches that has lower switching energy losses in the inverter circuit design.
Therefore, a comparison study of COOLMOS and MOSFET performances shall be
performed to choose the best switches to be used in the inverter circuit of UPS
system. Previously, MOSFET is known to have low conduction losses. Meanwhile,
COOLMOS is aétually a high voltage of MOSFETs, 600V a recent new device based

on concept called the super junction (SJ), {4].
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1.3 Objectives and Scope of Study

The objectives of this project is to perform a comparison study between two
semiconductor switches COOLMOS and MOSFET performances by using a single
phase full bridge high frequency inverter circuit for UPS application as the medium.
The inverter circuit is operated at an input of 150V-de, switching frequency of 500
kHz and under fifty percent (50%) duty ratio. The performances of the switches is
investigated and analyzed via simulations using Cadence PSpice 14.2 software and
via hardware experimentation on the PCB layout. The effectiveness performances of
COOLMOS and MOSFET switches in a single phase full bridge high frequency -
inverter circuit are investigated and compared in terms of output voltage and current

waveform, switching losses as well as the efficiency.

1.3.1  Objectives

I. To construct a single phase full bridge high frequency inverter circuit by using
COOLMOS as the switches with isolation in between the main line and the
load while maintaining the simplicity of circuit configuration and operation.

2. To operate the single phase full bridge high frequency inverter circuit with a
base parameters of input DC supply of 150V, switching frequency of 500 kHz
and duty ratio of 0.5.

3. To perform a comparison study of COOLMOS and MOSFET performances as

the switches in a high frequency inverter circuit via:

a. Simulations using Cadence PSpice 14.2 software
In the simulations, COOLMOS performances such as the resultant
output voltage and current waveform, the switching energy losses and
efficiency are investigated at varied input DC supply, duty ratio and

switching frequency.

b. Experimentation on the PCB layout
In the experiments, COOLMOS performances such as the resultant
output voltage and current waveform and the switching energy losses
are investigated at an input DC supply of 150V, switching frequency
of 500 kHz and duty ratio of 0.5.



1.3.2  Scope of Study

Basically, this project deals with the exploitation of power and analogue electronics
area of specialization. The scope covers the understanding of inverter circuit design
and operations, the characteristics of COOLMOS, and also incorporates of some
relevant mathematical formula analysis. The scope also covers the interpreting of
datasheet and specifications of components and hardware involved in the inverter
circuit design. Lastly, the scope of study covers the knowledge on using Cadence
PSpice, Multisim and Ultiboard 2001 software for simulation as well as for

experiments implementation.

1.3.3  Gantt Chart

The process of completing this project is according to the activities planned in the
Gantt chart. This is to ensure the project is successfully reached its goals within the

time specified. The Gantt chart is as attached in Appendix 1.



CHAPTER 2
LITERATURE REVIEW AND THEORY

Inverter circuits are used to deliver power from a DC source to a passive or active
[oad by means of using the gate-driven semiconductor devices as switches, which in
this project COOLMOS and MOSFET. DC-AC inverters are used in applications
where the only source available is a fixed DC source and the system needs an AC
load such as aircraft power supplies and variable-speed AC motor drives. Each and
every year, the number of researches and studies related on the latest advancement
design of a high frequency inverter circuit is kept increasing. This is due to the high
demand for DC-AC high frequency inverter circuit that produces a stable, reliable and
efficient AC output for UPS application. Thus to fulfill the demand, a comparative
study between COOLMOS and MOSFET performances in a high frequency inverter
circuit design is carried out to ensure the UPS system able to produce a fixed AC

frequency output even when the main power grid system is out.

2.1 Imverter Circuit Design

The full bridge circuit configuration for a voltage-source inverter under resistive and

82 (L
Vo R
[ +
-
lo
s4 T/'

Figure 1  Single phase full bridge inverter circuit of R-L load

inductive (R-L) load is shown as in Figure 1.




The inverter is normally employs a bidirectional switching device that can be gate-
controlled to interrupt current flow. These switching devices are the gate-driven types
such as Insulated-gate-bipolar transistors (IGBTSs), Bipolar-junction-transistors
(BJTs), MOSFETs or COOLMOS. The example of COOLMOS implementation as

switches in the inverter circuit is shown as in Figure 2.

. _
LGGL_M{M - - Fivisack Diode
ci ]

Figure 2 COOLMOS implementation as switches in an inverter circuit

The output voltage of inverter circuit depends on the duty cycle and switching
sequences of Sy, Sz, S3 and S4. If S5-S3 and S;-S4 are switched on and off at a 50%
duty cycle as shown in Figure 3, the output voltage, shown in Figure 4(a) is a
symmetrical squarewave whose maximum and minimum voltage is equal to DC input
supply. Sz-S; is turned on during the first half cycle of complete period, 7. Meanwhile
§1-84 is turned on during the other half cycle of the period, 7.

Close  Open

Figure 3 Switching sequences of full bridge inverter circuit

The voltage has two states of output which is positive and negative value of DC input

voltage summarized as below:

Vo=+Vy during 0<t<7/2
Vo=—Vy during T/2<t<T
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Figure 4 Output voltage and current waveform of inverter at 50% duty cycle, [5]

When S;-S; is turned on, current is flowing from the positive DC input terminal to the
foad, thus the output voltage is equal to positive DC supply voltage. On the other
hand when S-S, is turned on, current is now flowing from the negative terminal of
DC input voltage to the load, therefore the output voltage is now equal to negative of

DC supply voltage.

Presume the inverter operates in the steady state and its inductor current wavéform is
shown in Figure 4(b). For0 <t <¢;, the inductor current is negative since during $,-S;

is on the current actually flows in the reverse direction through the flyback diode of
the switches as shown in Figure 2. In the steady state operation, the following

conditions must hold:
i (0) =i (T/2)
i1.(0) =i, (T)
The value of initial inductor current is calculated by using the given formula:
I
Vpl=e™®

Ir
1+e72r

where rzéand T:L
R

]L(O) =-



2.2 Characteristics of COOLMOS

A few characteristics of COOLMOS have been studied as to understand the internal
structures and behaviors, advantages as well as the disadvantages of the switches in
the inverter circuit operation. The characteristics of both switches are compared as

listed in Table 1.

Table 1 Characteristics of COOLMOS
COOLMOS

» Blocking voltage ¥, of higher
than 600V

» Periodic avalanche rated

» Extreme dV/dt rating

» Extremely fast and controllable
switching

» Low on-state resistance by factor

up to 7

In the semiconductor field, MOSFETs are known to have minimal resistance when
the device is conducting and able to sustain high voltage when the device is off, It is
widely used in various high frequency and low power applications as it is very easy to
drive and switches fast. However, the switch has the limitation in a high voltage
tevels due to its poor conduction properties. High voltage application requires low
doping concentration and reduces the thickness of the epitaxial layer, n” in order to

maintain the electric field below the semiconductor breakdown value.

Recently, the latest technology for high voltage power MOSFETs known as
COOLMOS has been introduced. COOLMOS virtually combines the low switching
losses of'a MOSFET with the on-state losses of an IGBT. In the COOLMOS device,
the drift region of the conventional power MOSFET is replaced by a “super-junction”

which consists of the combination of n" and p” strips in parallel as shown in Figure 5.
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Figure 5 The COOLMOS and drift region structure, [6]

In the novel structure of COOLMOS, the n” strip conducts the drain current when the

device is on. Meanwhile, when the device is off the drain voltage, Vp appears as a

reverse bias between the n” and p~ strips. As a consequent, the drift zone is now

completely depleted and acts like a voltage sustaining layer of a pin-structure.
However, if the voltage is further increased, the electric field rises linearly without
any further expansion of the space charge layer. Thus, no current flows through the
layer. This behavior is characteristics for charge compensated devices and leads
tremendously to lower losses. Therefore, the conduction losses of COOLMOS are

reduced by a factor of 5 versus the conventional MOSFET.

Also, COOLMOS allows the increase of the n” drift doping which permits a reduction
of the conduction resistance up to 5-10 times compared to the conventional high
voltage MOSFET. Moreover, the structure of COOLMOS offers an clectric field
expansion not only in the vertical direction as the conventional MOSFET, but also in
the horizontal direction as well. Therefore, the breakdown voltage of COOLMOS can
be increased by reducing the doping concentration and increasing the thickness of

drift region,



The superior performance of COOLMOS over conventional MOSFET in terms of
lower switching energy losses is illustrated as in Figure 6. This is because the
generated energy which is converted into heat in every turm-on process increases with
the chip area. Thus, it limits the minimum power losses in the inverter circuit

topologies.

25

600VH90 me:
204 Standard-MOS technology

sy
_—p
= 15 c
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g el
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5
O | |
0 100 200 300 400 500
ths (Y}

Figure 6 COOLMOS reduces the stored energy twice versus MOSFET, [7]

As shown in Figure 7, the gate to source threshold voltage of COOLMOS has been
increased to improve the noise immunity margin in the bridge applications. The
typical value of threshold voltage, Vs is 4.5V (range 3.5V to 5.5V at 25°C). In spite
of this, COOLMOS has already reaches its nominal Rpg (on) at the gate voltage of 10V.
The higher threshold voltage results in a better symmetry between turn-on and off

behavior of the switches,

10
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Figure 7 Gate charge characteristics of COOLMOS versus MOSFET, [7]
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The following Figure 8 and 9 show the turn-on and off behavior of a COOLMOS
with ohmic load respectively. The turn-off trend indicates no tail current, with a
clearly visible of soft switching behavior up to a voltage of 50V. There is no carrier
flows through the high field region during the turn-off of the device. Therefore,
COOLMOS switch is insensitive to second breakdown phenomena and can be

switched at a very high dV/dr rated.

8

7
T &d-
< — Vds {50 (V)
B 5 o
4 -
- e 1ds |5 (A}
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S I | e Vs {2 (V) i
s 2 ;
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> 1 “

0 . I \_

1 1
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Figure 8 Turn-on behavior of COOLMOS with ohmic load, [7]
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Figure 9 Turn-off behavior of COOLMOS with ohmic load, [7]

Overall, COOLMOS introduces a compensation structure in the vertical drift region
to reduce its on-state resistance to one fifth of the conventional MOSFET for the
same circuit configuration. As a result, COOLMOS has fastest and controllable

switching speed for the same given circuit configuration {8].
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CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1 Methodology

The process of completing this project is referred to the following tlow chart. During
the first semester, the project goals are achieved via simulations. Meanwhile, at the

second semester the project is executed by hardware implementation on PCB layout.

Start

h 4

1% semester 2% semester

Y

h 4
[ Stl_idy on the re}ated } Study on PCB layout software
literature review Multisim & Ultiboard 2001

h 4

' A
Pspice simulation of a single Experimentation execution of a single
phase full bridge high frequency phase full bridge high frequency
9 inverter circuit inverter circuit on PCB layout
h 4 h 4
Investigate and compare the AC\ _ Investigate and compare the
output voltage & current, AC output voltage & current
switching energy losses and and switching energy losses of
efficiency of MOSFET and MOSFET and COOLMOS
\_ COOLMOS J

Y

\

Compare experimental with simulation result

A

Y

End

Figure 10 Project Process Flow
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3.2 Procedure Identification

The entire procedures in completing this project are elaborated as follows:

l.

Study on the related literature reviews:

Numerous researches and studies have been done on the latest issue of high
frequency inverter circuit design for UPS applications. Literature reviews are
done to enhance the understanding on the project as well as to acquire the
theoretical data and waveforms for the inverter circuit design. The researches

include:

a. Study on the technical papers related to various inverter circuit topologies,
look into the major and recent issues of inverter circuit design for UPS
application as well as familiarize with the characteristics of COOLMOS
semiconductor switches in various application-wise. The technical papers

are all obtained from the IEEE website.

b. Study on the inverter circuit operation and its respective ac output voltage
and current waveforms. The simulation output waveforms are to be
verified with these theoretical output waveforms. Also, the calculation of
initial inductor current is referred from Power Electronics Circuit text

book written by Issa Batarseh.

¢. Research on the model number of COOLMOS for different manufacturers
like International Rectifier (IRF), Infineon Technologies and Fairchild
Semiconductor. The respective datasheets are collected and organized for
future references in designing the inverter circuit. The impo_rta.nce of
datasheets is to ensure that the simulation and experiment are executed

without exceeding the maximum device rating.

d. Study on the Cadence Pspice 14.2 software installation and the simulation
method to analyze COOLMOS effectiveness performances in a high
frequency inverter circuit. The manual of the software is referred to Pspice

reference books [9, 10].

13



2. Design a single phase full bridge high-frequency inverter circuit using Cadence

PSpice 14.2 software:

a. Single phase full bridge high frequency inverter circuit with inductive-

C.

resistive (R-L) load is created in the Cadence Pspice sofiware using
COOLMOS as the switches. The inverter circuit is developed under the
project design file of analog or mixed Analog to Digital (A/D) in order to
simulate the inverter circuit. The inverter is having (R-L) load to comply

with the industrial standard.

The switching frequency of the switches is set to be at high-frequency of
500 kHz as to eliminate acoustic noise and distortion at the AC output.
The DC input voltage is 150V, to cater the high rated voltage for UPS
application, The inverter circuit is executed under 50% duty cycle to
generate an equal proportion of positive and negative cycle at the AC

output waveform.

The components opted in the simulation are listed as below:

i. Semiconductor switches:

The process of getting the right model of COOLMOS is simply by
doing trial and error simulations. Initially, the model from Infineon
Technology is selected, but the simulation process dealt a lot with
transient analysis problems. Therefore, the model from IRF
manufacturer is opted as the switches in the simulation of inverter
circuit since it experiences less transient analysis problems. The
model of COOLMOS with its respective maximum voltage rating is
shown as below:

+ COOLMOS Model: IRFBCA40 (Vpss = 600V)

The datasheet for COOLMOS is referred for its maximum voltage

rating before simulations are carried out, [11].

14



ii. Isolation transformer:
It is provided in between the main line and the load for protection
purposes, in case of power failure, the load side is isolated.

 Isolation Transformer Model: TN33 20 11_2P90

iii. Loads:
The load consists of resistive-inductive, as it is practically use in the
industry.
+ Resistive Load: R=10Q
+ Inductive Load: L= 18 pH

iv. Resistances at the input trigger pulse signal:
Small value of resistance is applied in between the input trigger |
pulse signal and the switches to protect the switches from high
transient current.

. R,rz R2=R3=R4:IQ

v. Input trigger pulse signal:
Supposedly, the trigger pulse signal to turn-on COOLMOS is
approximately 4V, however in the simulation the value does not
sufficient to turn-on the switches thus the input trigger pulse signal is

increased to 200V,

d. Parameter settings in the simulations are set to be as follows:
¢ Pulse Width, PW =1 ps, Period, PER =2 us
o Time Delay, Tp =0 ps for V> and V;
¢ Time Delay, Tp=1 us for Vyand ¥,
+ Rise Time, 7z = 0.1 ps, Fall Time, 7= 0.1 ps
» Start saving data after = 1040 us
¢  Maximum step size =1 ns

» Transient point iteration limit = 1000
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e. The inverter circuit is then simulated and the resultant output voltage and
current waveform is compared with the theoretical waveforms. Once the
output waveforms are verified, the effectiveness performances of
COOLMOS in a high frequency inverter circuit are investigated in terms
of the switching energy losses during turn-on and turn-off as well as the

efficiency.

f. The investigation of COOLMOS performances in a high frequency

inverter circuit is extended to different parameters as shown in Table 2.

Table 2 Varying parameters for comparative study of switches performances

Parameters Base Varies
DC input voltage, V), 150V 200V 400V
Switching frequency , f 500 kHz 1 MHz 5 MHz
Duty ratio, D 0.5 04 0.6

3. The simulation results:
The comparative study of COOLMOS and MOSFET for high frequency inverter

design is done in terms of:

a. AC output voltage, ¥, and current, f, waveform
According to the voltage-source inverter (VSI) design, ¥, is a function of
inverter operation and the nature of the load can be observed from the load
current, I,, The voltage spike and leakage current is observed and analyzed

from the resultant output waveforms if there is any.

b. Switching energy losses of COOLMOS and MOSFET
The switching energy losses are calculated as an area under the graph of
power losses. The losses are investigated and compared during turn-on
and turn-off mode of both switches. The switch with lesser switching
energy losses is opted as the best switch in a high frequency inverter

circuit.
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c. Efficiency _
The efficiency of the circuit is obtained by the ratio of resultant output

power to input power,

4. Preliminary study on PCB layout software, Multisim & Ultiboard 2001
The studies are focused on the process of constructing a single phase full bridge
inverter circuit using Multisim and transferred to Ultiboard 2001 to create the

circuit routing.

5. Finalize the components for circuit construction:
The components selection is based on the simulation. The ratings and
specifications of components are obtained from the simulation data operated at
DC input voltage of 150V, switching frequency of 500 kHz and duty cycle of 0.5. |
However, the selection of components is atfected by the limitation of cost and the

availability in the market. The list and details of components are shown as in
Table 3.

Table 3 List and details of components for experimentation

ORDER | NO.OF
NO. ITEM CODE ITEM PRICE

] |Resistor, 102 272723 1 RM 100.02
Wire-wound Aluminum Clad, 200W

7 Re.sistor, 12 . 652453 4 RM 31.77
Wire-wound Aluminum Clad, 100W

3 | Inductor, 18 uH 4981601 1 RM 13.03
Inductor Series 2100

4 | COOLMOS, Vpss = 600V, 1 MHz | 3577577 4 RM 12.96
Model: IRFBC40

6 | Capacitor, 250VAC, 4700pF 3531892 1 RM L.69

7 | Capacitor, 200VDC, 100pF 286930 1 RM 0.99
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6. Construction of inverter circuit on PCB layout:

The steps involved in constructing an inverter circuit on PCB layout is elaborated

as below:

a. Design an inverter circuit using Multisim 2001 software

The inverter circuit is designed by placing and connecting the respective

components equivalent to the inverter circuit configuration done in the

Cadence Pspice software. The corresponding model of the components is

selected from the library folder to obtain the correct footprints. However,

there are few components which do not have its model in the Multisim

library, thus any components with the match footprints are selected.

b. Transfer the inverter circuit from Multisim to Ultiboard 2001 software

i

iii.

iv.

From Multisim, the inverter circuit file is transferred to Ultiboard
2001 software to develop circuit routing of the components

connection.

The components are placed outside the board outline after netlist is -
imported from Multisim. Therefore, the components need to be
arranged into a proper configuration manually. The components

must be well arranged as it will be printed on the PCB layout.

A few factors need highly consideration in PCB design, such as to
ensure that the PCB is a copper bottom design with a single layer.
Furthermore, the trace width, drill hole diameter of the pads and the
spacing between the components are also need to be properly

designed.

Next, the function of auto-routing is activated to develop routing of
traces between components. Any open traces ends and unused vias
of the inverter circuit are deleted before exporting it to the Gerber

file.
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v. Finally, Gerber file is produced by selecting RS274X and NC Dirill
format and exporting the entire available layers list into the Gerber

file format.

7. Experimentation execution on the PCB layout

a. Before the experiments are carried out, some of the components are

soldered on PCB layout. The inverter circuit configuration on the PCB

layout with the high rated resistors and wires is shown as in Figure 11.

i
J
'

Figure 11  Inverter circuit configuration on PCB layout
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The complete experimentation setup of this project is shown as in Figure
12. The hardware consists of three independent DC power supply which is
connected in series to produce DC input voltage of 150V. Digital
oscilloscope is used to capture the AC output voltage and current as well
as the power losses waveform. Initially, two function generators are used
to trigger two different pairs of switches in the full bridge inverter circuit.
However, dﬁe to the synchronization difficulty, BJT switch is used to

overcome this problem.

DIGITAL
y OSCILLOSCOPE

: -
FUNCTION
GENERATORS

NVERTER CIRCUI

Figure 12 Experimentation setup of full bridge inverter circuit

An additional external circuit is constructed solely by using a BIT in order
to invert the voltage waveform of input trigger signal supplied by the
function generator. The illustration of the switching inversion mechanism

is shown as in Figure 13,

20




Vin= 5V

Invert the Waveform of Function Genarator
+ Trigger Switch $1 and 52

Ve
=, t
From Function Genarator Vhe
Trigger Switch S2 and 83

Figure 13 BJT switch to invert the trigger input signal

Based on the above figure, an input trigger signal of 5V from function
generator is supplied in between the base and emitter terminal of BJT.
This input trigger signal is used to trigger S, and S; switches of full bridge
inverter circuit. When collector-emitter terminal of BJT is supplied with
5V input from DC power supply, the voltage waveform across collector-
emitter terminal is now become the invert of input trigger signal from
function generator. Therefore the voltage across collector-emitter terminal

is used to trigger Siand S, switches of full bridge inverter circuit.

The experiments are carried out only at the base parameters as shown in
Table 4. At these fixed parameters, the AC output voltage and current as
well as power losses waveforms are obtained for COOLMOS switches.
The experimental results are to be compared with the simulation results.
At the end of this project, switch with lesser switching energy losses and
higher efficiency is concluded as the best switch to be used in a full bridge

inverter circuit for UPS application.

Table 4 Base parameters use for experimentation on PCB layout

Parameters Base

DC input voltage, V3, 150V

Switching frequency, /| 500 kHz

Duty ratio, D 0.5
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c.

Getting the power losses waveform of COOLMOS

In the experiments, the waveform of power losses could not obtained
directly since there is no power probe available in the laboratory.
Therefore the following procedures, as shown in Figure 14 are used to

obtain the power losses waveform.

R’ _tir Rz, J P
. & Mt o §g
' . EJ :
. A =L - = o
0 . . C-l ...... . ? j; &.7n [
' . [ ’ < RS
ORY ' ' ' -
15v'T i = , Channel1 .
- R4 C4 R :
m\rm cs—_l il !__JV\A____“_I; Vs o
] b —
1 = @ ! Channal2 _
% R 1 - . o
= ) | l 21
=0 . . . .
. | Graund
0

Figure 14  Circuit arrangement to get power losses waveform

The multiplication of voltage across drain-source, Vg terminal of switch
and current flows through 1€ resistor gives the power losses of the switch.
Two channels of digital oscilloscope are used for this purpose. Channel 1
is used to capture the voltage waveform of the switch. Meanwhile Channel
2 is used to obtain the current waveform flows through the switch. Then,
the power losses waveform is obtained by multiplying the two channels

using the MATH function available on the digital oscilloscope.

Theoretically;

Channel 1 : Voltage, Vi

Channel 2 : Current, /
1=L-¥

R 1Q
Power [osses waveform = Channel 1 x Channel 2
=VxI

=W
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3.3 Equipment & Tools

The major equipment and tools involved in this project are consists of:

1. Cadence Pspice 14.2 tools
The software is used to simulate a single phase full bridge high frequency inverter
circuit in order to investigate and compare the effectiveness performances of

COOLMOS and MOSFET in the inverter circuit.

2. Multisim & Ultiboard 2001 tools

The software is used in the process of constructing and fabricating the circuit '

layout of inverter circuit on the PCB for experimentation purposes.
- 3. Electrical & electronic devices
a. DC Power Supply

It is used to provide the inverter circuit with a DC input voltage supply of

150V.

Figure 15 DC power supply

b. Function Generator

It is used to turn-on the switches with a switching frequency of 500 kHz

Figure 16 Function Generator
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c. Digital Oscilloscope
It is used to capture AC output voltage and current as well as power losses

waveforms.

Figure 17 Digital Oscilloscope
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CHAPTER 4
RESULTS AND DISCUSSION

A comparative study is performed both via simulation using Cadence PSpice and
experimentation on PCB layout to investigate the output voltage and current
waveform of a single phase full bridge high frequency inverter circuit using
COOLMOS and MOSFET as the power switches. Also, the switching energy losses
~and efficiency of the switches are investigated and compared. Simulation is carried

out by using the parameters as shown in Table 3.

Table 5 Parameters setting for simulation

» Switching frequency, f =500 kHz
* Duty ratio, D =0.5

* Period, T =2.0pus

* Pulse width, P =1.0 us

» Time delay, 7D (for V; and Vs) =0

» Time delay, 7D (for Vyand V,) =1.0 ps

» Rise time, 7 and Fall time, Ty =0.1ps

» Start saving data after = 1040 ps
* Maximum step size =1.0ns

* Transient point iteration limit = 1000

In the simulation, the investigation of COOLMOS performances is performed at
varied DC mput voltage of 150V, 200V and 400V, switching frequency of 500 kHz, 1
MHz and 5 MHz as well as varying the duty ratio to 0.4, 0.5 and 0.6.
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The simulation schematic diagram of a single phase full bridge high frequency

inverter circuit with COOLMOS switches is shown in Figure 18.
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Figure 18 Single phase full bridge inverter circuit

The execution of experiment is performed on the PCB layout shown as in Figure 19
with its respective schematic layout shown in Figure 20. The components soldered on
PCB layout of full bridge inverter is placed with high rated resistors on the acrylic
board. From the experimentation, output voltage and current as well as power losses

waveforms are obtained and compared with the simulation results.

Rl

Figure 19 PCB layout Figure 20  Schematic of PCB layout
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4.1 Output Voltage and Current Waveforms

The simulation and experimental output voltage of a full bridge inverter circuit using
| COOLMOS switch is shown as in Figure 21 and 22. Meanwhile, the simulation and
experimental output voltage of a full bridge inverter circuit using MOSFET switch is
shown as in Figure 23 and 24 respectively, as taken from the investigation conducted
by Nur Alina Jelani, [12]. The experimental output voltage waveform of both

switches is obtained at 500ns/divison and 50V/division.

Simulation output voltage Experimental output voltage

LEENECHET

20089

1810&:

8l

-2680 R X X : X
1. 684h8ns 1.842ms 1.044ns
o Y¥{L1:1,R5:8)

Time M-‘ L"”M : &-"W

Figure 21  Simulation output voltage Figure 22  Experimental output
using COOLMOS switch voltage using COOLMOS switch
(Scale on oscilloscope = X:500ns/div,
Y:50V/div)
2080 e T
rq:,_.m 1 L .J.\‘izM,sz‘u “
R | |
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----- e
~ 2B i i !
1. BhBms 1. B42ms 1. s e
a B(L2:1,R1800) |
Time
Figure 23  Simulation output voltage Figure 24  Experimental cutput
using MOSFET switch, {12] voltage using MOSFET switch, [12]

(Scale on oscilloscope = X:500ns/div,

Y:50V/div)
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It can be observed from Figure 21 and 22, the output voltage with COOLMOS switch
is slant-wise due to the characteristics of COOLMOS of having an extreme dV/d:
rated. However, the slant of experimental output voltage is more obvious compared to
the simulation output voltage. As for MOSFET, the simulation and experimental
output voltage is almost a perfect squarewave. From the experimental output voltage
waveform of both switches, the voltage spike exists during turn-on and off the
switches. This is due to the internal noise of the components in the inverter circuit

itself.

Next, the simulation and experimental output current of a full bridge inverter circuit
using COOLMOS switch is shown as in Figure 25 and 26 respectively. The
simulation and experimental output current using MOSFET switch is similar as using
COOLMOS. The experimental output current waveform of both switches is obtained

at 400ns/divison and 2V/division.

Simulation output current Experimental output current
T
o ) fT_’\ 2.3A &\
-/
¥ ey N
ﬂf Y “-’ﬁr}/ - T\\\_K-.
~5. 80 - e
1.8 0ms 1.84%2ms 1. 8hms
o I{L1) & I{L2)
Tinme
Figure 25 Output current using Figure 26  Output current using
COOLMOS COOLMOS
(Scale on oscilloscope = X:400ns/div,
Y:2V/div)

The simulation and experimental output current waveform for both switches are alike
except the value of peak current. The simulation peak output current is 3.4A, while
the experimental peak output current is 2.3A. This is due to the resistances in the wire

connections as well as in the components of the inverter circuit itself,
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Theoretically, the initial value of output current is calculated by the following

formula:
Vdel-e% 150 1—¢ ™0 T:%:wlc)k:zus
Io=—TZf o TNITC 40634 where
R 1377 10 {47 @0 L 18u
T=—="—=|8us
R 10
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4.2 Switching Energy Losses

The simulation and experimental switching energy losses of COOLMOS switches
during turn-on are shown in Figure 27 and 28 respectively. Meanwhile, the simulation
and experimental switching energy losses of MOSFET are shown in Figure 29 and
- 30. The experimental switching energy losses for both COOLMOS and MOSFET are

obtained at 200ns/divison and 5kV/division.

+ T o - - Bl
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1.84288ms 1. 8421868
o WE2)
Figure 27 Simulation switching Figure 28 Experimental switching
energy losses of COOLMOS during energy losses of COOLMOS during
turn-on turn-on

(Scale on oscilloscope = X:200ns/div,

Y:5kV/div)
LEKY Wiith
(EX
: HOLANE
i
|
2 BHY L
L,
b Rp— ' | i
R e e : wﬁ h* e il;:*i“*"“ :
1.6428ms  1.6421ns  1.8422ms | | '3 |
= W{N2)
Figure 29  Simulation switching Figure 30  Experimental switching
energy losses of MOSFET during energy losses of MOSFET during
turn-on, [12] turn-on, [12]

(Scale on oscilloscope = X:200ns/div,

Y:5kV/idiv)
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The switching energy losses are calculated as area under the graph of power losses

waveform and the calculation is shown as below:

Calculation of simulation switching energy losses:
Switching energy losses = Area under the graph of power losses waveform

= Nos. of boxes x Time (x-axis) x Power (y-axis)

If

24%x100nsx 5 kW
= 1.2 mJ

Switching energy losses of COOLMOS

25x 100 ns x 20 kW
SmJ

Switching energy losses of MOSFET

Calculation of experimentation switching energy losses:
Switching energy losses = Area under the graph of power losses waveform

= Nos. of boxes x Time (x-axis) x Power (y-axis)

I

Switching energy losses of COOLMOS 1.25x 200 ns x 5 kW

1.25 mJ

Tx200nsx 5 kW
7 mJ

Switching energy losses of MOSFET

The experimental switching energy losses for both switches is slightly higher than the
simulation value due to a few factors such as the resistances of the PCB tracks and
routing, as well as connection of high rated wires and digital oscilloscope probes.
Nevertheless, COOLMOS produced 75% reduction of switching energy losses
compared to MOSFET.
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The comparison of simulation and experimental switching energy losses is

represented in the bar chart as shown in Figure 31.

|EMOSFETDCOOLMOS

Simulation |

Experimentation

Switching Energy Losses (mJ)

Experimentation Simulation
L COOLMOS 1.25 1.2
B MOSFET 7 5

Figure 31 Comparison of simulation and experimental switching energy losses

The simulation switching energy losses of COOLMOS and MOSFET switches during

turn-off are shown in Figure 32 and 33 respectively.
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Figure 32 Simulation switching Figure 33  Simulation switching

energy losses of COOLMOS during energy losses of MOSFET during turn-
turn-off off, [12]
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Calculation of simulation switching energy losses:
Switching energy losses = Area under the graph of power losses waveform

= Nos. of boxes x Time (x-axis) x Power (y-axis)

24x100nsx 5 kW
= 1.2 mJ

Switching energy losses of COOLMOS

Switching energy losses of MOSFET = 2.1x 100 ns x 20 kW
= 4.2 mJ

As it can be seen from the power losses waveform, the switching energy losses of
COOLMOS is reduced by 75% compared to MOSFET and the statement is verified

by the above calculations.

4.3 Extra Simulation of COOLMOS and MOSFET at Varying Parameters

4.3.1 Varying f=1,5 & 10 MHz with constant Vi, = 150V and D = 0.5

Two single phase full bridge high frequency inverter circuit each using either
COOLMOS or MOSFET as the switches is simulated together to ease the comparison
of their performances. Firstly, the simulation of the inverter circuit is operated at
varied frequency of 1, 5 and 10 MHz. The output voltage and current waveforms at
frequency of 1 and 5 MIz are attached as in Appendix 2. At a frequency of 5 MHz,
the output voltage and current are having a slight distortion and at a frequency of 10
MHz, the resultant output voltage and current waveform of both switches are severe

distorted as shown in Figure 34 and 35 respectively.
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Figure 34  Simulation output voltage

at /=10 MHz

The severe distortion at the output voltage and current indicates that both switches are

unable to operate properly at a frequency higher than 5SMHz. The distortion is mainly

Figure 35 Simulation output current

at /=10 MHz

caused by the internal structure of both switches which could not sustain a very high

frequency, and thus highly degrades the performances of the inverter circuit.

Therefore, the switching frequency of higher than 5 MHz is unacceptable in inverter

circuit design for UPS application using COOLMOS and MOSFET as the switches.

The maximum value of output voltage and current at the respective three frequencies

is listed as in Table 6. As seen from the table, the maximum value of output voltage

and current reduces as the switching frequency of switches increases.

Table 6 Maximum output voltage and current at /= 500 kHz, 1 & 5 MHz

Switching | Maximum output voltage (V) | Maximum output current (A)
Frequency, f [ COOLMOS |MOSFET, [12]] COOLMOS |MOSFET, [12]
500 kHz 153.001 -150.326 3.3908 3.2869
1 MHz 150.650 149.896 1.3659 1.3136
5 MHz 149.85 149.85 0.2677 0.3139

Next, the switching energy losses of COOLMOS and MOSFET are investigated and

compared in bar chart as shown in Figure 36.
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500 kHz {off)

500 kHz {on)

1 MHz (off) |
1 MHz (on)
5 MHz (off)
5 MHz {on)
T 7’
1 2 3 4 5
500 kHz | 500 kHz
§ MHz (on)|5 MHz (off)|1 MHz (on)|1 MHz (off) (on) (off)
BCOOLMOS (mJ) | 0.1375 0.125 1.42 1.08 1.2 1.2
MOSFET {mJ) 2.55 1.26 4.04 4.04 5 4.2

Figure 36  Comparison of switching energy losses at /=500 kHz, 1 & 5 MHz

From the bar chart, it is obvious that the switching energy losses of COOLMOS in the
full bridge inverter circuit are much lesser than MOSFET. The switching energy
losses for both switches are decrease as the switching frequency increases. This is

true based on the given relations of power, energy and frequency.

Given:
Power = P (Walits)
Energy = F (Joules)
Frequency = f (Hertz)

Since P = Ef , therefore the frequency is given as f =§“

Based on the equation above, the switching energy losses of the switches is inversely

proportional to the switching frequency.

Overall, COOLMOS produced 75% reduction of switching energy losses compared
to MOSFET during turn-on and off.
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The efficiency of inverter circuit using COOLMOS and MOSFET as the switches is
also taken into consideration. As seen in Figure 37, the efficiency of the full bridge
inverter circuit is reduced as the switching frequency increases. However, the
efficiency of the inverter circuit by using COOLMOS as the switches is still higher
compared to MOSFET.

1.2 g—— -
1 —
T
0.2 r———e T
__“_
0.6
0.4
0.2
0 =500 kHz f=1MHz t=EMHz
—e— MOSFET 0.73 0.7% 0.7
~-@— COOLMNGS 0.97 .9 .35

Figure 37  Efficiency of inverter circuit at /= 500 kHz, 1 & 5 MHz

4.3.2 Varying D=10.4 & 0.6 with constant V;, = 150V and f= 500 kH7

Secondly, the effectiveness performances of COOLMOS and MOSFET in a single
phase full bridge high frequency inverter circuit is further investigated by varying the
duty ratio of the switches to 0.4 and 0.6. At the duty ratio of 0.4 and 0.6, the switch is
turned-on 40% and 60% of the total one cycle period, T respectively. The respective

output voltage and current waveforms are attached as in Appendix 2.

From Figure 38, it shows at the duty ratio of 0.4, the value of maximum positive
output voltage is greater than the negative value. On the other hand, at the duty ratio
of 0.6, the value of maximum positive output voltage is lower than the negative value

as shown in Figure 39,
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Figure 38  Simulation output voltage Figure 39  Simulation output voltage
atD=04 at D=10.6

The maximum positive value of output voltage and current at the respective three
duty ratios is listed as in Table 7. As seen from the table, the maximum positive value
of output voltage becomes greater or lower than the DC input voltage depending on

the duty ratio given.

Table 7 Maximum output voltage and current at D = 0.4, 0.5 & 0.6

Duty ratio, | Maximum output voltage (V) | Maximum output current (A)
D COOLMOS | MOSFET, [12] | COOLMOS | MOSFET, [12]
0.4 180.983 179.620 3.2630 3.2389
0.5 153.001 150.326 3.3908 3.2869
0.6 114.037 109.436 2.9268 2.8514

Next, the switching energy losses of COOLMOS and MOSFET are investigated and

compared in bar chart as shown in Figure 40.
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0 10 15 20

0.6 (off) | 0.5 (off) | 0.4 (off} | 0.6 (on) | 0.5 {on) | 0.4 (on)
ECOOLMOS (mJ)| 1.75 2.8 3.5 2 1.8
MOSFET (mJ) 7 18 8 9 16

Figure 40  Bar chart of switching energy losses at D= 0.4, 0.5 & 0.6.

The relationship of switching energy losses and the duty ratio is given as below:

Given:

Pulse Width = P (Seconds)

Duty Ratio = D

Time = 7' (Seconds)
Frequency = f (Hertz)
Power = P (Watts)
Energy = E (Joules)
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Table 8 The relationship of switching energy losses and duty ratio

During turn-on

During turn-off

The pulse width is given as:

PW=Dr="=2
I Uk

Therefore, the switching energy losses is
given as:

_ PWxP
D

E

The pulse width is given as:
(1-D) (1-D)

N

Therefore, the switching energy losses is

PW =(1-D)T =

given as:

B PWxP
(1-D)

Based on the above relations, during switch turn-on, the switching energy losses of

the switches is inversely proportional to the duty ratio. When the duty ratio increases,

the switching energy losses decrease. However, for the COOLMOS switch, the value

of switching energy losses increases as the duty ratio is increased. This is because the

value of power losses increases at a higher duty ratio.

Meanwhile, during switch turn-off, supposedly the switching energy losses of the

switches are directly proportional to the duty ratio. However, as seen from the bar

chart, the value of switching energy losses is decreases with increasing duty ratio.

This is due to the smaller power losses produced at a higher duty ratio.

Overall, COOLMOS produced 80% reduction of switching energy losses compared

to MOSFET during turn-on and off.
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4.3.3 Varying V;, = 200 & 400V with constant f= 500 kHz and D = 0.5

Thirdly, the effectiveness performances of COOLMOS and MOSFET in a single
phase full bridge high frequency inverter circuit is investigated by varying the DC
input voltage to 200V and 400V. At an input voltage of 200V, the maximum positive
and negative output voltage is equal to the DC input voltage. The respective output
voltage and current waveform at an input voltage of 200V is attached in Appendix 2.
However, at an input voltage of 400V, the output voltage and current waveform of a -
full bridge inverter circuit using MOSFET switches are severely distorted as shown in
Figure 41 and 42. This is because the internal structure of MOSFET has been

damaged since its maximum rated voltage is exceeded (Vpgs = 250V).
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Figure 41  Simulation output voltage Figure 42  Simulation output current
at Vi, = 400V at Vy, = 400V

The maximum positive value of output voltage and current at the respective three DC
input voltages is listed as in Table 9. As seen from the table, the maximum positive

value of output voltage is approximately equal to the DC input voltage.

Table 9 Maximum output voltage and current at V;, = 150, 200 & 400V

Input Maximum Qutput Voltage (V) | Maximum Output Current (A)
Voltage,

Vin COOLMOS | MOSFET, [12]| COOLMOS |MOSFET, [12]
150V 153.001 150.326 3.3908 3.2869
200V 204.923 201.317 4.4628 4.4149
400V 410.249 - 8.9663 -
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CHAPTER 5
CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

Conclusively, the objective of this project in comparing the effectiveness
performances of MOSFET (IRF644, Vpgs = 250V) and COOLMOS (IRFBC40, Vpss
= 600V) semiconductor switches in a single phase full bridge high frequency inverter

circuit for UPS applications has been accomplished. The full-bridge inverter circuit

is operated at an input voltage of 150V-DC and switching frequency of 500 kllz .

under fifty percent (50%) duty ratio. The effectiveness performances of both switches
are Investigated and compared in terms of output voltage and current waveform,

switching losses as well as the efficiency of inverter circuit.

By simulation, COOLMOS shows superior performances of having 50% reduction of
switching energy losses with greater efficiency at varied switching frequency, duty
ratio and DC input voltage. COOLMOS advantage of having lower switching losses
is verified experimentally. However, COOLMOS and MOSFET switches are unable
to operate properly at a very high switching frequency (> 5 MHz) due to the
limitation of their internal structure. Nevertheless, COOLMOS has an advantage in
high voltage application since the breakdown voltage is higher compared to
MOSFET. Therefore, it is worth to substitute the conventional MOSFET with
COOLMOS in a high frequency inverter circuit design for UPS application to meet

the needs of lower switching energy losses with greater efficiency at a lower cost.
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5.2 Recommendations

A few recommendations for future works of this project are:

It is better if the Electrical and Electronics engineering Final Year Project (EE
FYP) committee could develop a systematic filing database of manual and
procedures for software and equipments for the ease of students in executing a
project.

Further investigation on the internal structure of the switches to appreciate and
gain better understanding on the switching behaviors.

More parameters are to be investigated in verifying the superior performances
of COOLMOS in different application-wise such as the heatsink design and

total harmonic distortion.
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APPENDIX 2

EXTRA-INVESTIGATION SIMULATIONS
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Interﬁationél
Rectifier

PD-8.5068

IRFBC40

HEXFET® Power MOSFET

# Dynamic dv/dt Rating

¢ Repetitive Avalanche Rated
* Fast Switching

¢ Lase of Paralleling

¢ Simple Drive Requirements

Description

Third Generation HEXFETS from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

’ Vpsg = 600V
. RDS(OH) = 1EQ
; Ip = 6.2A

“on-resistance and cost-sffectiveness.

The TO-220 package is universally preferred for all commarcial-indusirial
applications at power dissipation levels to approximately 50 walts. The fow
thermai resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

Absolute Maximum Ratings

TO-220A8

Parameter Max. Uriits
i@ To=25G | Conlinuous Drain Current, Vas @ 10V 6.2
ip@ Te=100°C | Continugus Drain Cutrent, Vgs @ 10V 3.8 A
Iowm Pulsed Drain Gurrent @ 25
Po @ Tc=26°C | Power Dissipation 128 W
Linear Derating Factor 1.0 WieC
Vas Gata-lo-Source Voltage 120 v
Eas Single Pulse Avalanche Energy @ &70 md
lag Avalanche Current © 6.2 A
Ear Repelitive Avalanche Energy @ 13 md
dv/dt Peak Diode Recovery dv/dt & 3.0 Vins
Ty Operating Junction and -55 10 +150
Tata Storage Temperalure Bange °C
Soldering Temperalure, for 10 seconds 300 {1.8mm from case)
Mounting Torque, 6-32 ar M3 screw 10 thfsin (1.1 Nem}
Thermal Resistance ,
Parameler Min. Typ. Max, Units
Reuc Junction-ie-Case — — 1.0
Rscs Case-io-Sink, Flat, Greased Surface —_ 0.50 — “Cw
Raga j Junction-to-Ambisnt - — 62
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IRFBC40

Electrical Characteristics @ Ty = 25°C (unless otherwise speci.fied)

Parameter Min. | Typ. | Max. | Units Test Conditions
Visrpss Drain-to-Source Breakdown Vaoltage 600 | — — Vo | Vas=0V, In= 250uA
AVieross/AT| Breakdown Voltage Temp. Coefficient — 1 070 | ~— }VRC | Ralerance to 25°C, o= tmA
Roson) Static Drain-to-Source On-Resistance — — | 1.2 £ | Ves=10V, Ip=3.7A @
Vasin Gate Thrashold Veliage 24 — A0 V| Vpe=Vas, Io= 25004
s Forward Transconductance 47 | =1 = $ | Vps=100V,ip=3.7A &
, —_ — ] 100 Vpg=600V, V=0V
Ings Drain-to-Source [eakage Current — — T 500 A VosmABOV, Va0V, T125°C
less Gate-to-Sourcs Forward Leakage — | — j100 ) . |Ves=20V
Gate-to-Source Reverse L.eakage — — | 100 Vag=-20V
Qg Total Gate Charge — — 60 Ip=6.2A
Qgs Gate-to-Scurse Charge — | — {83 | nC |Vps=360V
Qga Gate-to-Drain ("Miller) Charge — — 30 Vag=10V See Fig. 6 and 13 @
Tdton) Tum-Cn Delay Time — 13 — Vop=300V
13 Rise Time — 18 — ns 1p=6.2A
tdfoity Turn-Cif Delay Time —- 55 —_ Ra=8.1Q2
il Fall Time — 20 — Rp=475} See Figurs 10&
Lp Intermal Crain Inductance — | 45 | — g?m??& 2'?5?: ) :
nH | from package .@
Ls Internal Soutce Inductance — 175 | — and center of
die coniact H
Ciss Input Capacitance — [1300) — Vas=0V
Coss Qutput Capacitance — | 180 | — pF | Vps=25Y
! Cres Reverse Transfer Capacitance — 30 - f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. { Units Test Conditions
Is Conlinuous Source Current _l_le 2' MOSFET symbot o
(Body Diode) i A showing the
Ism Pulsed Source Current _ _ o5 integral reverse %
(Body Diode) © . p-n junetion diode. &
Vsp Diode Forward Voltage — —— 1.5 V| T=25°C, la=B.2A, Vas=0V @
tr Reverse Recovery Time — | 450 | 940 | ns |Ty=25°C, Ir=8.2A
G Reverse Recovery Charge — | 38 | 79 | uC |difdt=100AMs @
ton Forward Tum-Cn Time Intrinsic furn-an time is neglagible {lura-on ts dominated by Ls+Lo)
Noles:

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=50Y, starting Tu=25°C, L=27mH

Rg=250, 1ag=6.2A (See Figure 12}

Ty=150°C

@ |gpgb.24, dildi<B0AMs, VDoSV(BR)DSS,

@ Pulse width < 300 pus; duty cycle £2%.
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IREBCA40

Ip, Drain Current (Amps}

" g, Drain Current (Amps}
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Vpg, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics,
Tc=25°C
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7
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7
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7
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Vgg, Gate-to-Source Voltage {volis}

Fig 3. Typical Transfer Characteristics
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IRFBC40

a0 Vs = OV, T = Wi

N Cize = Cgs + Cgg Cae SHORTED
Crss = Cogd
2500
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IRFBC40

[p, Drain Current {Amps}

Rp
Vas > N
D.U.T.
7.0 9
' ~Voo
6.0 .
e ~] Hiov
5.0 _— Pulse Widih s 1ps
o Duly Factor € 0.%
a0 N Fig 10a. Switching Time Test Circuit
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\ | i
1.0 | | |
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Fig 8. Maximum Drain Current Vs,
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[RFBC40 '
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Dicde Recovery dv/dt Test Gircuit ~ See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information — See page 1516 Intemaﬁonal
" Appendix E: Optional Leadforms — See page 1526 Rectiﬁer
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C-11015/Radial Leads

W T ORDER
tary Type Designation: Styles CK05, CK06

values, tolerances, voltages, sizes, configurations and
sctrics not shown, contact AVX facilities directly
nformation.

: Number Example CKO05

e 1
age-Temperature Limits

acitance Gode

~

acitance Tolerance

Part No. Codes

e: CK = Ganeral purpose, ceramic diglectric, fixed
capacitors.
05 = Remaining two numbers identify shape and
dimension.

age-Temperature Limits:
rst letter identifies temperature range.
B =-55°C to +125°C

acond letter identifies voltage-temperature coefficient.

Capacitance Change with Reference to 25°C
Second Letter No Voltage Rated Voltage
X +15, -15% +15, -25%

Fig. Capacitance and Multiplier:

rst two digits are the significant figures of capaoltance
‘hird digit indicates the additional number of zeros.
‘or example, order 100,000 pfF as 104,

racitance Tolerances: K = £10%, M = £20%
ikaging: CKO05 1000 per bag
CK08 1000 per bag

Radial tape and reel packaging available upon
request {2500 pes./reel).

-—
L:S. ’j—;\ I Figura1
.25 Min.+|
P W lL D

?Eﬂ 4
Ls. Figure 2

 — S—

1,250 Min.—-—l

SIZE SPECIFICATIONS

Dlmenslons Millimeters {Inches) |

Case
Size Per MIL Spec
MIL-C-11015 CKO5 (Fig. 1) CKO6 [Fig. 2)
agaezs | 757525
Length (L) £100+010) . (2802.010)
. 483225 787505
Width (W) (180+.010) (280+010)
' . 220:2% 220205
Thickness (T) © (0B0L0NG} (080+.010)
Lead 5.08.38 5.08+.38
Spacing (L.S.) {.200+.015) {.200+.015)
Lead T 64,05 642,05
- Diameter {L.D.) (:025£.002) {025,002}
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-C-11015/Radial Leads

¥y FPart Nusmber [dentification CKOB and CKOB

ilitary Type Capacitance | Capacitance : o Capacitance | Capacitance
esignation (pF) Tolerance WVDC o Desugnatnon [pF) Tolerance WvDC
CKOS {8 . CHOE {BX)
\05BX100_ 10 KM 200 CKOBBX122K _ 1,200 K 200
05BX120K_ i2 K 200 CK0GBX152_ 1,500 K, M 200
05BX150_ 15 K, M 200 CKO6BX182K_ 1,800 K S 200 o
{05BX180K_ 18 K 200 CKooBx222_ 2,200 KM 200
{05BX220_ 22 K;'M 200 . CKOBBX272K_ 2:700 ) K L2000
J06BX270K_ 27 K 200 CKOBBX332: 3,300 K, M 2000
{05BX330.. . 33 K, M 200 CKOBBX392K_ 3,900 K . 200
{06BX390K_ 39 K 200 : CKOBBX472_ 4,700 K, M 10 2o
05BX470_ 47 K, M 200 CHKOBBXE62IK_ 5,800 . K 200
{B5BXE60K_ 56 K 200 - CKO6BX682_ 6,800 KM < 200
05BX680_ 68 K, M 200 CKOBBX822K _ 8,200 .- K 200
05BX820K... 82 K 200 CKO6BX103_ 10,000 K, M © 200
(05BX101_ 100 K,M {0 200 CKOBBX123K . 12,000 K 100
Q5BXI21K 120 K : 200 CKO6BX153_ 15000 . KM 100
O5EX151_ 150 K, M 200, CKOBBX183K_ 18,000 _ K 100
(O5BX181K_ 180 K 200 CKD6BX223_ 22,000 K, M 100
WQ6BX221_ 220 KM - 200 CKO6BX273K_ - 27,000 K 100
OEBX27IK_ 270 K 200 CKO6BX333_ 33,000 KM 100
(06BX331_ 330 K, M 1. 200 CKOBBX393K _ - 39,000 K 100
(0BBX3B1K_ 390 K. F 200 CKOGBX473_ 47,000 K, M 100
0aBX471_ : 470 K, M. 200 CKQBBX563K_ 56,000 K 100
{05BX5E1K_ 560 K 1 200 CKOBBXB83 . : 68,000 K, M 100
(05BX6B1_ - 880 Ko 200 CKOBRX823K_ 82,000 K 100
OBBX821K ’ - 820 K 200 CKOEBX104_. ) 100,000 K, M 100
(O5BX102- 1,000 K, M 200 CKOBBX124K _ : 120,000 K 50
W0BBX122_ ¢ . : 1,200 K 100 -CKO8BX154_ 150,000 K, M a0
(05BX152: 1,500 K, M - 100 CKO8BX184K_ 180,000 K 5C
(O5BX182K_ i 1,800 K 100 CKoBBX224 220,000 KM 50
{05BX222: 2,200 K M 100 CKOGBX274K_ 270,000 K 50
{05BX27ZK_. 2,700 K 100 .. CKOBBX334_ 330,000 K, M 50
(05BX332_ 3,300 K, M 100 CKOBBX394K_ 390,000 K 50
{05BX392K_. 3,800 K 100 CKOGBX474_ 470,000 K, M 50
{05BX472_ 4,700 K,:M 10G CKO6BX564K _ 560,000 K 50
{05BX562K_ 5,800 K 10¢ CKOGBX684_ 680,000 KM 50
{06BX682_ 6,800 K, M 100 . CKOBBXB24K 820,000 K : 50
(05BXB22K_. 8,200 K 100 CKOBBX105_. 1.0 mid K, M 50
L05BX103_ 10,000 K, M 100 L
{06BX128K_ 12,000 K 50 - = o .
C03BX153.. 15,000 K. M £0 Add Capacitance Talerance Letter K = £10% or M = £20%
{058X183K 18,000 K 50
(05BX223_ 22,000 K, M 50
(O5BX273K 27,000 K 50
(05BX333_ 33,000 KM .| . 50
<0SBX383K_ 39,000 K. 7 80t -
QseXA7R.T 47000 | KM C 50
{O5EX663K_: 1 . 56,000 K 0 s
OsBXB83_ © 7| ‘880000 K, M 50
{05BX823K_ |. . 82000 R G 50
05BX104_ 100,000 : K, M ) 50

I— Add Capacitance Tolerance Letter K = 10% or M = +20%

e
CKO05/CKO06
Front ~ Back
CKO5—— Style o 100V—— Voltage Rating: ..
BX —— Temperaturé: Characteristic 1 AAAY—— A for AVX; Plant |.D. (X) ‘Lot-Code (XX)
103K—— Capacitancé Value o 9910—— Date Code .
U u (3 digit code) and Capamtance Tolerance _ H H
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CERAMIC CAPACITORS | y
MEDIUM VOLTAGE CAPACITORS KV to 6KVDC

E.LA. CLASS I & Il DE Series
DIMENSIONS: mm MARKING*
\\ S —_

*LSH

“Three-digit capacitance code
for values of 100pF and Largar,
SL and F hmve no tlemporature
characisristic marking.

PART NUMBERING SYSTEM

TYPE LEADS TEMP, CHAR. CAPA%‘:‘ANCE TOL. VOLTAGE
CAPACITOR LEAD SPEIHG TEMPERATURE CHARACTERISTICS CAPACITANCE CAPACITANCE VOLTAGE
TYPE AND 05a5 Class I; Per standard £1A spacifications. VALUE TOLERANCE Identified by a
SIZE - 07=75 Class 0 & 11 J=15% oae-dight number
10=10 TEMPERATURE RANGE: -25°C to +85°C K =10%
MAX, CAP. CHANGE OVER TEMP. RANGE: Z=+80,-20%
Bax210%
E=+20, -55%
F=+30, ~80%
Note; 8, E, F are JIS codes that are similar to
EIA temperature characterlstics Y5P, Y5L) and Y5V respectively.
HMKV-B . *3KV-B
PART NUMBER DIA (mm) | LS (mm) | CAP(pP PART NUMBER DIA (mm) | LS(mm) | CAP (pF)
DE405B1MKIK 4.5 5 100 DEOSO7TBI01KIK 5 75 100
DECMOSB1S1KIK 4.5 [ 150 DEOSO7B1STKIK 5 75 150
DEJOSB221K1K 4.5 S 220 DE0507B221KIK 5 75 220
DEO40SB331K1K 45 [ 330 DEOSO7B8331 3K 8 75 330
DEOSOSBATIKIK 5 5 470 DEO707B471K3K 7 75 410
DEDS0SBE81K1K B 5 880 DEOSO7BE31KIK 8 75 680
DECSOSB102K1K 6 5 1000 DEOS07B102K3K 9 7.5 1000
DEOBO5B152K1K 8 5 1500 DE1107B152K3K 18! 75 1800
DEOSOSB222KIK 9 5 2200 DE1307B222KaK 13 75 2200
DE1005B332K 1K 10 5 3300 DE1510B332K3K 15 10 3300
DE1205B472K1K 12 S 4700
DE15108682K1K 15 10 6800 *EKV — B
DEGS10B10TKEK 9 10 100
2KV -8 DEQS10B151KEK 9 10 150
DEQ4058101K2K 45 5 100 DEOS108221K6K ] 10 220
DEG4058151K2K 45 5 150 DEGS10B331 KK g 10 330
DEOAO5D221 K2K 45 5 220 DE10T0BATIKEK i0 10 470
DEOBC5B331K2K 5 5 330 DE1110B681K6K 1 10 680
DEOS05R471K2K B 5 470 DE110B102K6K 13 10 1000
DEO7058681K2K 7 E 680 ‘
DEOBOSB102K2K 8 5 1000
DEQ905B152K2K 9 5 1500
DE1005B222K2K 10 5 2200
DE12058332K2K 12 5 3300
DE1510B472K2K 15 10 4700
84 D OLF Bl L3988b5 0005924 335 W8

1 from www.freetradezone.com, a service of Partminer, Inc.
tterial Copyrighted By Its Respective Manufacturer



CERAMIC CAPACITORS

MEDIUM VOLTAGE CAPACITORS 1KV 1o 6KVDC

ELA. CLASS Il & i DE Series
"KV-E
DEOS0SE10221K 5 5 1000
DEO70SE222Z1K 7 5 2200
DEOS0SEA72Z1K 9 5 4700
DE1307E10321K 13 75 10000
2KV ~E
DEDGO5E10222K 6 5 1000
DE0805E222Z2K 8 5 2200
DE110SE472Z2K 14 5 4700
DE1810E103z2K 16 10 10000
3KV-E
DEO707E102Z3K 7 75 1000
DE1007E222Z3K 10 75 2200
DE1307E472Z3K 13 75 4700
6KV - E
DE1110E10226K 1 10 1000
DE1510E22276K 15 10 2200
KV =F
DEDGO5F22221K 8 5 2200
DEOT0SF4T2Z1K: 7 5 4700
DE1005F10321K 10 5 10000
XKV ~F
DEO505F102Z2K 5 5 1000
DE0705F22272K 7 5 2200
DEOS05F47222K 9 5 4700
DE120SF10322K 12 5 10000

Available as standard through autharized Murata Electionics Distributors.

SPECIFICATIONS: CLASS Il & Il

‘st Canditions: Unless ctherwise specified, measurements
shall be made at +25°C, £10°C, a relative humidity no greater
han 75%, and normal atrospheric pressure,

‘apacitance: Capacitance shall be within the specified limits
shen measured at, or corrected 1o, a temperature of +20°C, a
IMS voltage between .05 and 5.0, and a frequency of 1KHz.

Hasipatlon Factor, or (Ratio of Equivalent Sorles Resistance
» Reactance): Dissipation Factor shall not be greater than
-8% tor B and E characteristics, or greater than 5% for £

Life: Capacitors shall be Ssubjected to a DC voltage equal to
150% of the rated working voltage for 1,000 hours at +85°C.
After this test, dissipation tactor shall not he more than twice
the stated initial valus, and insulation resistance shall not be
loss than 2,000MG.

Encapsulation: Ceramic disc Is coated in an pOXY resin
which conforms to ULS4V-0,

TYPICAL TEMPERATURE CHARACTERISTICS

1sulation Resistance: 10,000Mf} minimum when measured .
etween terminals of capacitor 1 minute after application 40
l'a DC test voltage of 500 appiled through a protective =
isistance which wilt fimit the charging current 1o SOmA. * o
0 = —

letectric Strength: Capacitors shall be subjected to 4 DC g g e S
Jltage equal to 200% of their rated working voliage. This 5 20 > N
»Hage shall be applied for 5, +1 seconds through a protective g E / \\ e
sistance that will limit the charging current to 50mA. - / BN

£
umidity Resistance: After exposure for a period of 500 - 4
wrs 1o an atmosphere of 95% relative humidity at a -l _F l
mperature of 40°C, capacitor shall have a minimum o2 o ¥ o ® ™ W
sulation resistance ot 1,000Mc. i

) 0lF BB L3988b5 00054925 071 WA 85

‘rom www.freetradezone.com, a service of Partminer, Inc.
'rial Copyrighted By Its Respective Manufacturer
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e structure of the "Global Part Numbers" that have been adopted since June 2001 and the meaning of each code are described herein.
fou have any questions about details, inquire at your usual Murata sales office or distributor.

art Numbering

ligh Voltage Ceramic Capacitors (250V-6.3kV)

Slobal Part Number) |£| Iﬂ_il E}

960 0 00900

}Product 1D @Capacitance Tolerance
ProguctiiD - L TR .. Code. | .. .. Capacitance Tolerance
DE High-voitage {250V - 5.3](.W ! J 5%
Safety Standard Recognized Ceramic Capaictors K +10%
z +80%, —20%

)Series Category

A Class1 {char. SL) DC1-3.15KV Rate OLead Style
B Class2 DG1-3.15kV Rated B " Dimensions(mm); .
c High-Voltage | Class 1,2 DC.3kV Rated : Gt iy ‘
gn-Tores (R0 gad Diamieter; | i of
" High Temperature Guaranteed, . -Spacing. L Components
Low-dissipaticn Factor (cher. R, €) A2 Vertical 5
rst three digit (@Product ID and @Series Category) express “Series A3 Crimp 7.5 6{.6£0.05 ~
ame’. aa_ | tomg 10
_ B2 | vertical 5
Memperature Characteristics B3 Crimp 75 ©0.6:£0.05 -
——r— T Short
a B4 10
Codo | Jomporre
| {Characterislicsy. ors ceffoy v "Rarige- ¢ 5 00.5+£0.05
B3 B +10% c3 Straight 1.5 50.640.05 _
E3 E +20%,—-55% | =25 1t0 +85C c4 Long 10
F3 F +30%,—80% cD 1.5 @0.5+0.05
120% —25 1o +85C ‘D1 5 80.51+0.05
€3 c Straight
+15%,~30% 485 to +125T D3 Short 7.5 20.620.05 -
R3 R +15% =251t0 +85¢C 0D 1.5 - 20.510.05
+15%,~30% | +85 10 +125¢C N2 | vertical 5 12.7
1X St +350 10 —1000ppm/T | +20 to +85T N3 Crimp 7.5 20.620.05 15
N7 | Teping 7.5 30
IRated Voltage P2 Straight 5 06005 12.7
“Code | T Rated Volage P3 Taping 7.5 o 15
2E DC250V
2H DC500V ePackaging
A DCIKV Fin e e kagin
3D DC2kV A Ammo Pack
3F DC3.15kV B Bulk
3J DCE.3kV

YCapacitance

xpressed by three figures. The unit is pico-farad(pF). The first
nd second figures are significant digits, and the third figure
xpresses the number of zeros which follow the two numbers,
there is a decimal point, it is expressed by the capital letter "R".
| this case, ali figures are significant digits.




ESPECIFICATION AND TEST METHOD

Itoim

VoG

High!Disisctric Constant-

Yesting Method

[ Opeciting Témperalure: Rany

‘| —25 15 +85¢

—25 to +BST

Wiihin the specified telerance.

W¥ithin the spacified totarance.

The capaciiance shall ba measured at 200 with 110.2kHz.
(SL : 140.2MHz} and 5Vrms max.

Capacance’

Oisslpation Factor {1 F.)

Cz30pF : Q1000

C<30pF : Qzd004+20C1

BEE] D, F.52.5%
CE1 D. F.55.0%

Same condillon as capacitance.

WSO 7 | emeeor -
Rasistance Betweon

Lbad wies

10000MI1 min.

10000MLQL emin.

‘Tha insulation resistance shali be measurad with S00450VDC
within 805 sec. of charging,

it R}

Betwean
Load wires

No faliure.

Mo failure.

The capacilers shail not be damage when DC vollaga of
200% of the raled woltage are applisd betwesn the lead
wires for 110 5 sec.

{Charge/discharge curentS36mA

Distiactric
Strength

Bady insulation °

Mo failura,

Na ailure.

Tha capacitor is placed in the
containef with melat balls of
diamater 1mm sa that esch lead
wire, Shortcircuited, Is kept
approximately 2mm off the balls

as shown in the fgure, and DC
voltagss of 1.3kV is applied for 1

Io § sac. batwaan capacitor iead
wiras and small malals.

{Charge f discharge curents50ma)

]

Cap.

o Changs
within£10%

within:Z8%,

{Temp. Ranga : +20 to +85%)

MM |@O |y

within =359

“The capacilance measuramant shall be made at each step
spechied in table. Capacitance change from the valug of
slep 3 shall not exceed the limil spacified.
Step b 1T 2. 3 | 4715
G057 | =p5%a% | s0%2% | bEeT | 2047%
Pre-reaiment : Capacilor shall be storad at 8542 for 3
hour, than placed al 2} ream conditien for

2422 hours bafors inilial measurements.
(B,EF}

Vibration

No marked dafect,

Ng marked dafecl.

Within the specified lolerance.

Registanin

Within tha specified loferance,
C&30pF | Q1600

[. St l C<30pF : GR400+20CY

D.F.22.5%
D F.55.0%

The capacitor shali firmly be Soldered Lo the supporing iead
wire and vibration which is 10 to 55Hz in the vibralion
fraquancy range, 1.5mm in lolal amplitude, and about 1
minuta in Be rate of vibration change from 10Hz to 55Hz
and back to 10Hz is applied for a total of 5 hours: 2 hours
each in 3 mutuall ndicutar direclions.

Mo marked defect.

No merked defect.

B within£5%

T

within3:2.5%

‘B withir 15%

F - within:20%

Soidering
Edfect

Pass the item No. 5.

Pass the itam No. 5.

The lead wire shall be immersad inlo the melted soider of
350£10°C (Body of &5 and under : 27045'C) up lo about 1.5
1o 2mm from the main body for 3.5:£6.5 set, [Body of 65
and under : 520.55ec.) .

Pre-lreatmant : Capacior shail be stared at 85+2°C for 1
hour, hen placed at ¥ room condition for
24:£2 hours belare inilial msasuremants.
{B.E.F}

Posl-ireatment : Capacilar shail ba slored for 1 1o 2 hours at
% room condition. (SL)

Post-treatmaent | Capacilof shalt be starad for 2412 hours at
2 roomm condition. (i3,E )

‘M- amance | No minked dofact

No marked defecl.

B wilhint10%

[ s ]

within:#6%

withind20%

Fumidity -
{Under Steacy |
Stats)

Cz30pF : Q350
C<30pF : Q2275+ 3G

e
F within30%
|- D.F £5.0%

Sat Ihe capactior for 500 t2* hours at 40427 in 90 to 85%

humidity.

Pre-treatment : Capacilor shall be stored at 8512 for 1
hour, then placad al 2 room condition for
2412 hours belore initial measurements.
(B.EF)

[ 0. Fs7.5%

-1 1000ME mip.

1000MQ min,

Post : Capacitar shall be stored for 1 to 2 hours at
2 reom condilion.

10

_| No marked gefect.

No marked delpcl.

;B withint10%

withint?.5%

E- within£20%

- E withint30%

Wiy
Loading

7 C230pF ; Q2200
C<I0pF : Q2100+ Ch

0. F.26 0%

D.F.57 5%

1 soomn min.

S00MEL min.

Apply the rated vollage for 500 2 hours at 40£2% in 80 to

55% humidity.

{Charga { discharge current<SDmA)

Pre-treatmeni : Capaciter shall be stored at B5:2C for 1
hour. then placed at 2 room condgition for
24x2 hours bafors initia? measuremants.

(BE,

Pogt-treatmant : Capacitor shall ba stored Jor 1 lo 2 hours at
2 raom condition, {S1)

Posktreatment : Capacitor shall ba slored al 8542'C for 4
hour, then placed st 2) room condition for
2442 hours. (BEF)

ance

No marked defect.

Mo markad defecl.

wilhinz10%

within3%

[C&E]

wilhih£20%

within£:30%

C230pF : G350

l = i C<30pF : Q2275+ 0D

D.F.=4.0%

B.Fa7.5%

Apply & DC vollage of 150% af the raled vollage for 1000 Ta
hours &1 8522,
(Chargafdischarge cumentS50mA)

Pre-treatment : Capacitor shall be stored at 852 for 1
hour, then placed at 2 room condition for
24:£2 hours betose inittal measurements.
(B.EF)

Pos-treatment : Capacilor shalt be slored for 1 10 2 hours at
2 room condilipn, (SL)

P : Capacitor shall be stored at 85227 for 1

2000M53 min,

2000ME2 min,

hour, then placad st 2 room condition for
2412 hours. (B.EF)

Strength

ol Enad

Lead wira shall not cut off.
Capacitor shall not be brokan.

As a figurs, fix tha body of capacitor apply a .
lensite weight gradually to each lead wire in

the radial diraction of capacilas up to 10N

{1.0kgl) 5M {0.61kgf) for Lead diameter ¢ “
0.5) and keep it for 101 sec.

Each laad wire shall be subjected to SN {0.51kgh) 2.5N
(0.25kg) for Leac diameter £0.5) waight end then a 50°
bend, at the poinl of agress, in ona diraction, raturn Lo
origlral positicn, and then a 30° bend In the apposile
Hrasgti f nd in 2 b

13

MWMLM

tead wire shalt ba scldered with uniformiy coaled on the axial direction over3 of the

circumferential direction.

The lead wire of a capacitor shall be dipped into a methanol
solution of 25wt%: rosin and then into molten salder of
23525 tor 20.5 seconds. In both cases the depth of
dipping is up to about 1.5 to 2mm from tha root of lead wirss.

) "C" expresses nominal capacitance value {pF) .

} “room condilion” temperalure : 15 to 35°C, humidity : 45 to 75%, atmospheric pressure : 86 1o 106kPa




1. Operating Voltage
When DC-rated capacitors are to be used in AC or ripple
current circuits, be sure to maintain the Vp-p value of the
applied voltage or the Vo-p which contains DC bias within
the rated voltage range.
When the voltage is started to apply to the circuit orit is
stopped applying, the irregular voltage may be generated
for a transit period because of resonance or switching. Be
sure to use a capacilor within rated voltage containing
these irregular voltage.
When using the low-dissipation DEA/DEH series ina
high-frequency and high-voitage circuit, be sure to
read the instructicns in item 4.

Voltage 1 DC.Voitage . ‘DC+ACVoltage  |° ~ ACWoltage  |° PulseVollege(l) |  Pulse Vohage (2)
Positional W\ r -
measurement Vo Vo-p Vp-p Vpp Vpp rJ

-
l .

2. Operating Temperature and Self-generated Heat
Keep the surface temperature of a capacitor below the
upper limit of its rated operating temperature range. Be
sure o take into account the heat generated by the
capacitor itself. When the capacitor is used in a high-
frequency current, pulse current or the like, it may have
the self-generated heat due 1o dielectric-loss.
The allowable frequency should be in less than 300kHz in
sine wave. Applied voltage should be the load such as
self-generated heat is within 5 °C in case of temperature
characteristic SL and within 20°C for other temperature
characteristic on the condition of atmosphere
temperature 25 °C. When measuring, use a
thermocouple of small thermal capacity-K of 80.1mm and
be in the conditicn where capacitor is not affected by
radiant heat of other components and wind of surround-
ings.
{Never attempt to perform measurernent with the cooling
fan running. Otherwise, accurate measurement cannot
be ensured.)
Before using the low-dissipation DEA/DEH series, be
sure to read the instructions in item 4.

3. Fail-Safe
When capécitor would be broken, failure may resultina
short circuit, Be sure to provide an appropriate fail-safe
function like a fuse on your product if failure would follow
an elactric shock, fire or fume.
Continued on the following page,




Continued from the preceding page.

4. Load Reduction and Self-generated Heat During
Application of High-frequency and High-voitage
Since the heat generated by the low-dissipation
capacitor itself is low, its allowable power is much
higher than the general B characteristic. However,
in case such an applied load that the self-heating

temperature is 20°C at the rated voltage, the
allowable power may be exceeded.

Therefore, when using the DEA/DEH series in a high-
frequency and high-voltage circuit with a frequency of

- 1kHz or higher, make sure that the Vp-p values
inciuding the DC bias, do not exceed the applied

capacitor's ambient temperature ) at an ambient
temperature of 25°C does not exceed the value specified
in Table 1.

As shown in Fig. 2, the seif-heating temperature
depends on the ambient temperature. Therefore, if you
are not able to set the ambient temperature to
approximately 25°C, please contact our sales
representatives or product engineers.

Failure to follow the above cautions (item 1 to 4} may

voltage value specified in Table 1. Also make sure that result, worst case, in a short circuit and cause fuming or

the self-heating temperature (the difference
between the capacitor's surface temperature and the

<Table 1> Allowable Condmons at High- frequency

partial dispersion when the product is used.

<Fig. 1> Relationship Between Applied Voltage and

| -Allowabie Conditions Self-heating Temperature (Aliowable Self-heating
Temp| D€ | & H'Qh-ffequem!l I ] Temp. at 25°C Ambient Temp.)
Series Chat. ‘Rated: sar ungT Enmnmen! :
. |valtage|:. Appied Hhéa . | T2 DEH Series R Char. (DG Rated Voltage:1 (6 3.15kV
K Wl25°C e Teg) 1 { ge: .15k}
- — 25 ——y—y
R | 250v 250Vp—p 10°C Max. 3 Pl
C | 500v | s500vpp 20°C Max, g 20 e
BOOVP-p 20°C Max. 2 R
1KV > 18 I
10G0Vp-p 5°C Max. 5 HE
DEH i e
14G0Vp-p 20°C Max. £ i0 : !
R 2kV <2510 +89°C B HI :
2000Vp-p 5°C Max. @ ! ; i :
o 3 5 T - 0
315y [1E00VP-P 20°C Max. g ; [Rated Voltage: mvl m [a, 15kﬂ :
3150Vp-p 5°C Max. 2 R IR ERE
1KV " 100 1000
1000Vp-p Applisd Voltage [Vp-p}
DEA SL 2kV | 2000Vp-p 5°C Max.
3.15kV | 3150vVp-p
1Fig. 1 shaws tha relationship between the appliec voltage and the allowable sel-
healing temperatura regarding 1 1o 3.15kV rated voltage of the DEH series R
characteristic.
2 When the ambient temperature is 85 1o 125°C, the applied voitage needs lo be
further reduced. if the DEA/DEH series needs {o be used at an ambient
lemperalure of 85 1o 125°C, please conlact our sales representatives or product
engineers, .
3 Fig. 3 shows reference data on the allowable voltage-frequency characleristic for
a sine wave voltage.
<Fig. 2> Dependence of Self-heating Temperature on
Ambient Temperature
DEH Series C Char. and R Char. (DC Rated Voltage:1 {o 3.15kY) DEH Series R Char, (DC Rated Voltage:250V) and

25

no
[=]

\ C Char. {500V}
R Char. {110 3,15kV} |J

-
(=]

«

Self-heating Temperature [°C)
o

a0
0 20 (25) 49 60 80 100

Ambient Temperalure (°C]

DEA Series SL Char. (DC Rated Voltage:1 to 3.15kV}

20

w

N
+
*
]
'
i

-——-___,_\[gcr.ar. {250V)

[~

@

— ]

SL Char. {1 10 3.15kV}
0 :

0 20(25) 49 60 80 100
Ambient Temperature [°C)

Self-heating Temperature [°C)
]

Centinued on the following page.




f.

ified in

heating temperature is not higher than the value speci

Table 1.
DEH Series C Char. (DC Rated Voltage: 500V}

frequency is twice as large as that of the rectangular wave or
pulse wave. This allowable voltage, however, varies

to the aliowable voltage for a sing wave whose fundamental
depending on the voltage and curment waveforms.

Therefore, you are requested to make sure that the sel

Fraguency [kiz]

Frequency {kHz}
DEH Series R Char. (DC Rated Voltage:2kV)

=]
(=1
=]
=

{(xead o) yead)n] ebenop aygemoly [(1rad o) yead) p] abeljoa siqemaly

voltage is a rectangular wave or pulse wave voltage (instead
of a sine wave voltage), the heat generated by the capacitor
DEH Series R Char. (DC Rated Voltage:250V)

is higher than the value obtained by application of the sine

wave with the same fundamental frequency.
rectangular wave or pulse wave comesponds approximately

Because of the influence of harmonics, when the applied
Roughly calculated for reference, the allowable voltage for a

<Fig. 3> Allowable Voltage (Sine Wave Voltage) - Frequency Characteristic (At Ambient Temperature of 85°C or less)

Continued fram the preceding page.
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Frequency [kHzZ}




Continued from the preceding page.

<Fig. 3 (continue)> Allowable Voitage (Sine Wave Voltage) -
Frequency Characteristic
(At Ambient Temperature of 85°C or less)

Because of the infiuence of harmonics, when the applied
voliage is a rectangular wave or pulse wave voltage
{(instead of a sine wave voltage), the heat generated by
the capacitor is higher than the value ohtained by
application of the sine wave with the same fundamental
frequency.

Roughly calculated for reference, the allowable voltage
for a rectangular wave or pulse wave comrespands

approximately to the allowable voltage for a sine wave
whose fundamental frequency is twice as large as that of
the rectangular wave or pulse wave.

This allowable voltage, however, varies depending on the
voliage and current waveforms.

Therefore, you are requested to make sure that the self-
heating temperature is not higher than the value specified
in Table 1.

DEA Series SL Char. {DC Ratad Voltage : tkV)
10000

Allowable Voltage [Vipeak io peak))

[ S

100
1 10

Frequency [kHz]

DEA Series SL Char. (DC Rated Valtage : 2kV)
10000

e
2
=3
(=3

Allowable Vollage [V{peak to peak)]

100

Fraguency [kHz]

DEA Series SL Char. (DC Rated Voitage : 3.15kV)
16000

yoilveid

EXS P S S b M R

{3150}

1000 -

Allowable Voltage [Vipeak to peak))

Qe
1 10 100 1000

Frequency [kHz}




VEGGITT CGS

HIGH VOLTAGE RESISTORS
HIGH VALUE RESISTORS
HIGH POWER RESISTORS
ALUNVINIUVMICLAD RESISTORS
CURRENT SENSE RESISTORS

luminium Housed High Power Resistors

VPE HS SERIES

VEGGITT CGS
KEY FEATURES

UP TO 1000 WATTS WITH HEATSINK

LOW OHMIC VALUES AVAILABLE

CECC - BS APPROVED

NON INDUCTIVE + TICHT TOLERANCE OPTIONS

UP TO 2500 VOLTS DC

RANGE OF CONNECTORS

ATTRACTIVELY PRICED

PROVEN RELIABILITY

AVAILABLE IN DISTRIBUTION

CUSTOM DESIGN OPPORTUNITIES WELCOMED

F NVEGGITT
‘ ELECTRONIC
CONPONENTS

SALES ACTION DESK

TEL: (01793 611666)

FAX: (01793 611777)

EMAIL: sales@megelec.co.uk
WEB SITE: www.megelec.co.uk
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ECIFICATION (cont...)

TYPE HS SERIES

HS series is the 'flagship' product of the CGS product
+are the leading European supplier of standard and custom
med Aluminum Clad Resistors for general purpose use,
ar supplies, power generation and the traction industries.
latest introduction - the HSX offers increased creepage
ge by virtue of a remodelled and extended nose cone,
ng it entirely suitable for the latest VDE European Safety
lrements.

HS is a range of extemely stable, high quality wirewound
ors capable of dissipating high power in a limited space
relatively low surface temperature, The power Is rapidly
pated as heat through the aluminium housing to a
fied heatsink.

The resistors are made from quality materials for optimum
reliability and stability,

Certain styles are approved to CECC specification, others are
designed to conform to the relevent MIL, CGS or customer
specification.

We will be happy to advice on the use of resistors for pulse
applications, and to supply information for high voltage use,
low ohmic value components, alternative mountings and
terminations. For high power applicaticns, a range of special
designs are available, power dissipation up to 1000 Warts,
insulated and designed to withstand 12KV impulse.

VAND HSC TYPE S WATTS TO 300 WATTS

- HSA HSA HSA HSA HSC HSC HSC HSC HSC HSC
ype 5 10 25 50 75 100 150 200 250 300
C 40203 - 001 AA BA CA DA
ipation at 25°C (Watts)
1 Heatsink 10 18 pis] 50 75 100 150 200 250 300
icut Heatsink 9.5 8 12.5 20 45 50 55 50 60 75
1ic Value

ROL RO1 RO R01 R05 RO5 RI0 RI10 R10 RI1G

10K 15K 3K 00K 50K 100K 100K 50K 68K 82K
.Working Voltage (DC/AC RMS)

160 265 550 1250 1400 1900 2500 1900 2200 2500
actric Strength (AC Peak)

1400 1400 2500 2500 5000 5000 5000 5800 5600 5600
ility % Reslstance
ze, 1000 hrs. 1 1 1 1 2 2 2 3 3 3
1ce Temperature Rise Mounted on Standard Heatsink
Y 5.3 50 4.4 2.9 12 1.1 1.0 0,75 0.65 0.60
dard Heatsink
cm? 415 415 535 235 985 995 995 3750 4765 5780
<ness, mm, 1 i 1 1 3 3 3 3 3 3
nting Style +————— 2 Hole M 4 Hole e 6Hole 4
oximate :
ht, grams. 3 10 16 35 %0 120 180 475 600 700
sased Dielectric Strength (AC Peak) KHSAZ25 KHSAS0

3500 3500
linations
Types HSAS to HSC150 Types HSC200, 250, 300
. e O
HSAS, 10 7 r._
HSAZ25, 50 10 '
HISA75,100.150| 8 R 1 by ThreadMo
—. i
L sy O '

Faston connections available on request

PAGE 2 OF 7



’ECIFICATION (cont...)

TYPE HS SERIES

PAGE 3 OF 7

AENSIONS {mm.)

HS Tyne HSA HSA HSA HSA HSC HSC HSC HSC HSC HSC
YP 5 10 25 50 75 100 150 200 250 300
H+03 11.3 143 183 397 290 350 9580 350 445 520
J+0.3 124 159 198 214 370 370 370 572 572 580
K+0.72 24 24 33 33 44 4.4 4.4 5.3 53 6.5
[ Max, 170 210 290 510 480 655 980 900 1090 1280
M Max, 300 365 518 725 710 875 1220 1430 1630 180.0
N Max. 176 210 280 300 475 475 475 730 730 730
P Max. g0 110 150 170 260 260 260 450 450 450
R Min. 1.5 1.9 2.8 2.8 50 50 50 56 56 6.0
T+05 34 5.2 7.2 79 135 115 115 222 222 222
U Max. 2.5 32 3.2 3.2 35 35 35 675 675 675
Note: K refers to mounting hole diameter
HSAL - HSASR0 HSC75 - HSC1350
L &} T -
R S — o
i p—wH— im | 2xMountingHole 4 x Mounting Hole —_— ;
i
- ; HSA5 - 2.4mm HSC75 - 4.4mm |
) HSAT0-2.4mm HSC100-44mm = -
HSA25 - 3.3mm HSC150 - 4.4mm
HSAB0-3.3mm
HSC200+
" .
& x Mounting Hole
HSC200 - 5.3mm
HSC250 - 5.3mm

HSC300-6.5mm

VER OVERLOAD

SURFACE TEMPERATURE RISE

This graph indicates the amount that the rated power
{at 20°C) of the standard HS series resistor may be increased

for overloads of 100mS to GOS

30
24
20
15 \\
10 \
5 ™ i
- ’“——-}——F

Surface Temp. Rise (°C)

30.11 2345 ¢ 7 8 9 101112 131420 25 30 4D 6@

Duration of Overload {seconds)

200

.
100 !,',

For resistor mounted on standard heatsink,
related to power dissipation.

L]

—t

HEASD

HSC200

1 HSCZED‘? HSC30e

N

Hsass | Hscioo

1sc7s A A
>

N8

o
1A A

[ 2

5 L
20 L0 it i50

200

Power Dissipation (Watts}

250

00




'ECIFICATION (cont...) TYPE HS SERIES PAGE 4 OF 7
X TYPE 25 WATTS/50WATTS HIGH CREEP

r Dissipation an Water Cooled Heatsink: 25 Watts 50 Watts
(Inlet Warer Temperature (= ZODC)
rance Range; RO5 1o 36K R05 to 86K
{Tolerance = 5% STD)
ity AR after 2000 fus. <=2% <=2%
@ 1Y hrs - ON, Ve e - OFF
ition Resistance @ 500V; > 10,000 MQ > 10,000 MQ
load Resistance Change A R: <=1% <= 1%
5 x Rated Power for 5 seconds
ing Element Voltage: 500V DC orAC rms 1250V DC or AC rms
ion Voltage: 35KV AC pk 35KV AC pk
serature Coefficient: < z 50 ppm/°C < =+ 50 ppm/°C
‘onmental Category: -55/200/56 -55/200/50

CHANICAL

High Grade Steatite Ceramic
Stainless Steel

ent: Ni/Cr

ary Insulation; Epoxy Moulding
cone; Epoxy Moulding
ing: Anodised Aluminium

AENSIONS
X 25

—d
J~' 3
i

T kel 2 e

T332

E ’: kEBumﬂﬂ% ;"'ﬂﬁ'@mlax- '}.
‘-;’ ::{ e GG Pl -
E

X 50

2.8 rivin

H

aal

T AA0E
- Deeap Bistannes = dnm
i

B 1

o ;
g@j@m ------- . & i1
1 & e 1) " )

b 0.0 srvin =] }4— B0 s *—-'-l

e TR A e

o

e

T sRE i
3.2 nan

1enslons are neminal
T, unless otherwise
. Do net seale.




'ECIFICATION (cont...) TYPE HS SERIES PAGE 5 OF 7

SE FORM GRAPHS FOR HSA, HSC AND HSX TYPES

Pulse Energy

160

140 A
120 A
100 1~ =

Pulse Energy (Joules)

10 100 1000 10000 100000
Resistance (Ohms) [—+— 55 - HS10 —a—HB25

Pulse Energy

Pulse Energy {Joule

10 100 1000 10000 100000

Resistance (Ohms} —f— HS30 —&—HS100 —e— HS300




YECIFICATION (cont...)

TYPE HS SERIES

PAGE & OF 7

v TYPE 500/1000 WATTS MINERAL FILLED

gitt CGS is probably unique in offering an elegantly packaged resistor range with power dissipations up to 1000 watts, resistance
2 to 50K and 12KV DC voltage proof in an elegant mineral filled aluminium case. These resistors have been specifically designed
1e power generation indusiry but are increasingly finding applications in locornotive and other industrial markets where high
i1, long life and exacting pulse requirements are key design parameters, Most resistors are tailored to user specifications and we
a range of mounting patterns and terminal configurations.

.CTRICAL

r Dissipation on Water Cooled Heatsink;
{Inlet Water Temperature (= 20°C)
tance Range:
(Tolerance + 5% STD)
ity AR after 2000 hrs.
@ 1"/:hrs- ON, Y2 hr - QFF
itlon Resistance @ 500V:
oad Resistance Chunge AR:
5 x Ruted Power for 3 seconds
ing Element Voltage:

HPYV 500
500 Warts

OR5 ro 33K
< =2%

> 10,000 MQ
<=1%

25KV AC rms

HPV 1000
1000 Watts (Max. Continuous)

IR0 1o 50K
< =2%

> 10.000 MQ
< = 1%

2.5KV AC rms {For continuous operation)

1Voltage: 12KV peak 1ZKYV pealc
.on Voltage: 4.8KV AC pk 48KV AC pk
1e Proof: 6.8KV AC rms 6.8KV AC rms
or 12KV DC or 12KV DC
erature Coefficient; < = 100 ppm/°C <+ 100 ppm/°C
cnmental Category: -55/200/56 -55/200/56
TENSIONS
HPV500 HPV1000
i ?‘m 13 gfﬁm ? [ ::;: a‘ B T e .w ’?,"
o I e 00 B Ty
L - R g
zadeti.’iﬁl'd o - . : g :‘é /mé‘%__ =
e ‘m'aw““p“&%'h;: i 4 M& Threaded Stud ol 5

e 8 R

enisions are nominal
nm. unless otherwise
Do not scale.

H* B3 Min ¢
e Hoday SBTa. L7

~HANICAL

{Threaded Terminals Only)
it

ry Insulation:

‘one:

ng:

High Grade Alumina
Stainless Steel
Stairiless Steel
Ni/Cr

High Grade Alumina
Silicone Moulding

Aluminium Extrusion (Anodised)

SE FORM GRAPH

8000

04— — — — — — — — — — = e e — — — —
1\\ ’—- I r t
BO0O = S — | — — e — — —

5000 — — \

4000 1
3000 -
2000
1000 -

Pulse Energy (Joules)

PULSE ENERGY

10 100 1000

Rosisance ohms)

100600




ECIFICATION (cont...)

TYPE HS SERIES PAGE 7 OF 7

CIAL DESIGN VARIANTS

hmic values from RO! dependent on size

ldition of tinned copper wire attached by high melt solder, wire supplied with or without insulation at length to suif customer.

ngth of tag increased by 3mm. (o provide additional hole 1

.Omm. for voltage connecier,

525 and HS50 manufactured with extended nosecones to improve creep distance.

nbedded wire terminals

ARACTERISTICS

imium Overioad

wverloads of the order of 2 x power rating for 3 mins., 5 x power
3 for bsecs., or 25 x power rating for 1 second, change of resistance
s than 0.5% + 0.05 chm maximum voitage must not exceed
mum working voltage.

; Term Stability

mprovements in long term stability, resistors must be derated as
ws: for 50% of stated AR maximum dissipation must not exceed
of rating; for 25% of stated AR maximum, dissipation must not
xd 50% of the rating.

. Dissipation

sugh the use of proprietary heatsinks with lower thermal resistance
:eptable, uprating is not recommended. The use of proprietory
ink compound to improve therrmal conductivity is recommended
seimum performance of all sizes but essential for HSC200, HSC250,
an0,

lation Resistance

10,000 Megohm minimum. Afeer molsture test: 1000 Megohm
num.

1 Ambient Power Dissipation

sation derates linearly to zero at 250°C from 25°C

ification

serature coefficient below 100R, 50ppm/°C,

serature coefficient above 100R, 30ppm/°C.

ance, 3% standard; 10%, 3%, 2%, 1%, 0.5% & 0.25% available.

ance for values below R10, 10% standard.

MATERIALS

Core

Ceramic, steatite or alumina depending on size.
Element

Copper nicke! alloy or nickel chrome alloy.
Endcaps

Nickel ircn or stainless steel.

Encapsulant

High temperature material moulding
Housing

Anodised aluminium

Stock

The HSAS, 10,25 and 50 are stocked in selected values of the E24 series
at 9% tolerance.

WTO ORDER

50

WATTAGE RATING AT
25°C WITH HEATSINK

A - Single Opposing
Mountng Feet

8 - Flange One Side

C - Flange Two Sides
X - High Creep

(25 & 50Watt orily)

5 - Standard

5 - Increased
ciric Strength
{HS - Low
ctive Winding

10Watt=FSAS
16Yvatt = HSAI0
25\Watt = HSAZS
50Watr= HSAS0
T5\Watt=1HSA7S
et

680R X
RESISTANCE VALUE RELEASE
CONDITION
0.1 chm (100 mille ohms) R10 X - BS CECC
1 ohm (1000 mile ohms) 1RO
1K ohm (1000 ohms) 1O No Letter -
Cammercial

WTO ORDER HPV TYPES

any applications require major or minor customisation Meggitt will normally allocate a R number special sequence to your requirement,
Y app C q ] BE Y P q b q

is logged with drawings and maintained indefinitely to facilitate

your re-order or spares requirements.

3 various specials may be low inductance types, various wire terminal types, special pulse application designs or various stud terminal types.

L

Meggitt Electronic Components Ltd. Ohmic House, Westmead Industrial Estate, Swindon, Wilts. SN5 7US
Telephone:(01793)487301(Admin.) {01793)611666 (Sales} EMail:sales@megelec.co.uk Fax:(01793) 611777

This publication is issued 1o provide autline information only and {unless specifically agreed Lo the contrary by the Company in wrlting) 15 not 1o form part of any order

“or be regardec as a representalion relating 1o the products or service concerned. We reserve the right to alter without notice the specification, design, prico or conditions
of suppiy af any product or service. Whilst Mepgitr Electronic Components products are of the very highest qualiry and rellabdlity, a1 elecironic components can
orcasionally be subject to Tailure, Where failure of a Meggitl Electronic Components product could result in lifz threatening conscquences, then Uhe circult and application

must be discussed with the Company. Such areas might include ECG, resp

iratory. and other medical and nuclear applicatiohs and any non fail safe applications eiccult.



ISTOrs

owrer Resistors

HE series

aluminium housed for heatsinking

Hey featlures

+ up to 300 watts with heatsink

« low ohmic values availéhle

« CECC - BS approved

» non-inductive & tight telerance available
* up to 2500 voits dc

« range of connectors

» custom designs welcomed

Epecification

series is the "flagship’

- of the Meggitt

1ics power product

A major business, in this
duct, Meggitt are the
European supplier of

d and custom designed
ium Clad Resistors, for
PUrpose Use, power

s, generation and the
industries. A particular
-strength in this area, is
ised HS resistors where

antities are not required.

Electrical
HSA HSA HSA HSA HSC
5 10 25 50 T3
CECC 40203-001 AA BA CA DA

Dissipation at 25°C (Watts)
With Heatsink 10 16 25 50 15
Without Heatsink 5.5 8 12.5 20 13

Ohmc Value
Min Value RO51 RO51 RO51 RO051  RO10
Max Value 10K 15K 36K 86K 50K

Max Working Voltage
V (DC/AC RMS) 160 265 550 1250 1400

Dielectric Strength

V (AC Peak) 1400 1400 2500 2500 35000
Stability

% Resistance 1 1 1 1 2
Change/1000Hrs

Surface Temperature Rise Mounted on Standard Heatsink
°C per Watt 5.5 5.0 4.4 2.9 1.2

Standard Heatsink

HSC HSC HSC HSC HSC
100 150 200, 250 300

100 150 200 250 300
50 55 50 60 75

RO10 ROI0 RO10 ROIO RO10
75K 100K 50K 68K 82K

1900 2500 1900 2200 2500

5000 5000 5600 5600 5600

Area cm? 415 415 535 B35 985 985 985 3750 4765 578C
Thickness mm 1 1 1 1 3 3 3 3 3 3
Mounting Style B 2 HOLE ---veeeen > e 4 HOLE ------ I 6 HOLE ----»

Approximate Weight

Grams 5 10 6 35 90 120 180 475 600 700
Increased Dielectric Strength Cption KHSAZ5 KHSA50
V (AC Peald 3500 3500

iales action desk (01793) 611666
sales fax line (01793) 611777



Meggitt CGS
1|

aluminium housed for heatsinking

Termsiriaiions
Lmm
10
50 25
100, 150
Dimmensions
HSA HSA HSA HSA HSC HSC HSC HSC HSC HSC
5 10 25 50 75 100 150 200 250 300
113 143 183 397 290 350 580 350 455 520
124 159 198 214 370 370 370 572 5T.2 540
2.4 24 33 33 44 44 44 53 53 65
17.0 210 290 510 450 655 980 900 109.0 128.0
30.0 365 51.8 725 710 875 1220 143.0 163.0 180.0
17.0 210 280 300 475 475 475 730 730 730 - T
90 110 150 17.0 260 260 260 450 450 45.0 " Power Resistors
1.9 19 283 28 50 50 50 56 56 b0 - ’
34 52 7.2 79 115 115 115 222 222 222
2.5 32 32 32 35 35 35 675 675 6.5
tyome HS series
A5 to HSAS0 HSC75 to H5C150 HSC200 to HSC300 Certain styles are approved to

CECC specification, others are

designed to conform te MIL, or
customer specifications. We will
be happy to advise on the use of
m resistors for pulse applications,

MLI

and to supply further

information for high voltage

L

use, low inductive and low

ohmic value compaonents,
alternative mountings and

Mow To Order | terminations. A full range of
HS resistors, is available from

Meggitt distributors.

' Mounting Style

HS - Standard A - Single Opposing HSAS - 10 Watts
KHS - High Voltage * Mounting Feet HSA10 - 16 Watts
NHS - Low Inductance | |B - Flange Cne Side HSAZ25 - 25 Watts

Winding C - Flange Two Sides

IRO
Please Reguest Full Data

Resistance Value Talerance . | Release Condition Sheet L1000
0.1 ohm (100 milli chms) R1¢ X - BS CECC
1.0 ohm (1000 milli chms) IR0 - - No Letter
1K ohm {1000 ohms) 1K0 Commercial

* - KHS Applies to 25 Watt and 50 Watts Styles Only

' VEGGITT
ELECTRONIC

= CONPONENTS




