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Abstract

Electrostatic Precipitators (ESP) are high efficiency particulate.
collection devices that utilize electric energy directly to assist in
the removal of the particulate matter in the air.ESP,invented in this
special project,is 2 sections type. The first is used for ionizing the
air and particulating the matter in the second part. The running tem-
perature is room temperatupe or cold type and also dry type precipita-
tor. Centifugal fan is used in the ventilating system ,has capable to
transfer gas at inlet 3 m/s and more than 30 m/s at outlet.Vibrator,
used in rapping system,has frequency 50 Hz.When connect 2kV power sup-
ply to the first section and 4kV to the second.The efficiency of coll-
ection is about 99% for 0.5 cm” paper and about 954 for cement and

powder dust.
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1 0.5 1.84 2.0 2.3+ 1.8 1.8+ 2.4 1.8+
2 1.1 1.8+ 1.8 2.04 1.7 1.7+ 1.8 1.7+
3 1.4 1.8+ 1.5 1.8+ 1.5 1.9+ 1.1 1.7+
4 1.3 2.14 1.4 | 1.8+ 1.3 1.7+  0.78 1.4+
5 1.2 1.9+ 1.2 1.8 1.0 1.8 0.80 1.4
6 1.0 1.8+ 0.85 1.4 0.75 1.3 0.45 1.3
7 0.89 1.8 0.80 1.3 0.59 1.2 0.39 1.2
8 0.88 1.8 0.45 1.1 0.43 1.2 0.32 1.1
9 0.53 1.8 0.32 0.9 0.31 1.1 0.26 1.0
10 0.45 1.5 0.23 0.9 0.23 0.9 0.14 0.9
11 0.30 1.3 0.15 0.8 0.17 0.8 0.10 0.7
nzusuan
fdi 6 cm
(A 21.5 10.5 11.5 3.5
njeudia-
TIU172U
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CHNICAL DATA

tDesigner’s Data Sheet

ENPN Silicon Power Transistors
1 kV Switchmode Series

These transistors are designed for high-voltage, high-speed, power switching in

Zinductive circuits where fall time is critical. They are particularly suited for line-

Joperated switchmode applications.

Ty'pical Applications: Features:

Switching Regulators ® Collector-Emitter Voltage — Vcgy = 1000 Vdc

Inverters ® Fast Turn-Off Times

» Solenoids 50 ns Inductive Fall Time —100°C (Typ)

Relay Drivers 90 ns Inductive Crossover Time —100°C (Typ)

Motor Controls 900 ns Inductive Storage Time —100°C (Typ)

Deflection Circuits ® 100°C Performance Specified for:
Reverse-Biased SOA with Inductive Load
Switching Times with Inductive Loads
Saturation Voltages
Leakage Currents

e Extended FBSOA Rating Using Ultra-fast
Rectifiers

e Extremely High RBSOA Capability

T ORI OTRONIRS WTY |  F GE

ot .
i
MAXIMUM RATINGS

'MOTOROLA
g SEMICONDUCTONR 550000

MJ16010A*
MJW16010A*

*Motorola preferred devices

POWER TRANSISTORS
15 AMPERES
500 VOLTS
125 and 175 WATTS

CASE 1-07
TO-204AA
MJ16010A

CASE 340F-02
TO-247AE
MJW16010A

4 Rating Symbol | MJ16010A [ MJW160104 | Unit
ollector-Emitter Voitage Vceo 500 Vde
ollector-Emitter Voltage Vcev 1000 Vde

£} Emitter-Base Voltage VEB 6 Vdc

'-:Collecfor Current — Continuous Ic 15 4\de

> — Peak(1) Icm 20
ase Current — Continuous g 10 Adc
= — Peak(1) IBM 15
otal Power Dissipation @ T¢ = 25°C PD 175 135 Watts
@ Tc = 100°C 100 54
_ :_Derate above T¢ = 25°C 1 1.09 WrC
1 :Operating and Storage Junction T)Tstg | -65t0200 | -551t0150 | °C
‘I Temperature Range
{ ERMAL CHARACTERISTICS
£ Characteristic Symbol Max Unit
B iThermal Resistance, Junction to Case RaJC 1 [ 0.92 ‘W
€ad Temperature for Soldering T 275 °c
Purposes: 1/8" from Case for
©.5 Seconds

iP_U‘lO Test: Pulse Width = 5 ms, Duty Cycle =-10%.

s 9ner’s Data for “Worst Case” Conditions — The Designer’s Data Sheet permits the design of most circuits entirely from the information

B

3-623

Nted. Limit curves — representing boundaries on device characteristics — are given to facilitate ““worst case’ design.




MJ16010A, MJW16010A

3
3
ELECTRICAL CHARACTERISTICS (T¢c = 25°C unless otherwise noted) "'
[ Characteristic | symbol | Mmin | Typ | Max | unit_|
OFF CHARACTERISTICS(1) - 3
Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) 500 -_ = Vde
(Ic =100 mA, Ig = 0)
Collector Cutoff Current Icev mAde
(Vcey = 1000 Vdc, Vgg(off) = 1.5 Vdc) - 0.003 0.15 s
(VCEy = 1000 Vdc, VBg(of)-= 1.5 Vdc, Te = 100°C) — 0.020 1.0 2
Collector Cutoff Current ICER - 0.020 1.0 mAdc
(Vce = 1000 Vdc, Rgeg = 50 0, Tg = 100°C) 13
Emitter Cutoff Current IEBO - 0.005 0.15° | mAdc
(VEg = 6 Vdc, Ic = 0) ®
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased Is/p See Figure 14a or 14b
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 15
ON CHARACTERISTICS(1)
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic = 5 Adc, Ig = 1.Adc) - 0.25 07
(Ic = 10 Adc, Ig = 2 Adc) - 0.45 1 o
(Ic = 10 Adc, Ig = 2 Adc, Tc = 100°C) - 0.60 1.5 ~~
Base-Emitter Saturation Voltage ‘ . VBE(sat) Vde-_:
(Ic = 10 Adc, Ig = 2 Adc) — 1.2 1.5 ]
(Ic = 10 Adc, Ig = 2 Ade, Tg = 100°C) - 1.2 15 ~
DC Current Gain heg 5 8 - st
(lc = 15 Ade, Vcg = 5 Vdc)
DYNAMIC CHARACTERISTICS :
Output Capacitance - Cob - — 400 pF .
(Vcg = 10 Vdc, Ig = 0, fragr = 1 kH2) <
SWITCHING CHARACTERISTICS 3
Inductive Load (Table 1) -
Storage Time tgy — 300 2000 ns
Fall Time (Ty = 100°C) 1 = 50 250 i
(ic = 10 Adc, 3
Crossover Time Ig = 1.3 Adc, te - S0 300
Storage Time VBE(off) = 5 Vdc, tay - 1100 — :
VCE(pk) = 400 Vdc)
Fall Time (Ty = 150°C) tf - 70 - :
Crossover Time te - 120 — 2
Resistive Load (Table 2) &
Delay Time t4 = 25 100 ns 7
Rise Time lc = 10 Adc, flg2 = 28 Ade, t - 325 | 600 %
Storage Time Vee = 250 Vde, Figp = 180 ts - 1300 | 3000 -
Ig1 = 1.3 Ade,
Fall Time PW = 30 us, tf - 175 400 Z
Duty Cycle < 2%) — = :
Storage Time ty Cy! (VBE(off) = 5 Vde) tg 700 b
Fall Time tf - 80 =

(1) Puise Test: PW = 300 us, Duty Cycle < 2%.




MJ16010A, MJW16010A

TYPICAL STATIC CHARACTERISTICS

50 EETEEE TTTT . 5 IT;
| [TJ = 100°C Vee =5V = +
0 s — 2 13 T
1 L] s a2
= l i ~~ 1 2
£ 5°C =
S 2 - TS 3 1 =
z LT = : A —
- & l "‘l‘{\' ‘ ’ E 050 Iclg = 10 1T
] 10 | | -355°C = l!» . = T) = 100°C T
2 i 3 g =
% ‘& F 1 T i — I \f\\ E 0.20 —— e 1L
- =1 P -
5 T 1 1 TN = T \_!c'lg=5
1 O [ I N O | S 010 Siclg = 10| 1) = 25°C
i |1 IEERRN [ =} . T) = 25°C T
3t sl ] ] § | R R | > 005 P | D o O ¢
02 03 05 1 2 3 5 10 20 01502 03 05 1 2 3 5 10 15
Ic. COLLECTOR CURRENT (AMPS) Ic. COLLECTOR CURRENT {AMPS)
Figure 1. DC Current Gain Figure 2. Collector-Emitter Saturation Region
&
10 I f —— 15
2 " : b : = |l 1] { [
S 5 {' 1‘ l‘ ; @ .
- " : ! 3 1 _clg=1 )
S | ! AL \ 1 ] s :ﬁizsug- T ——
= NS il NI = i = |
S | 11 T ’ B = | | | i |
E [ ]:i! | | | [\ I 15,\[‘ 9050 —r—T 11! Nl =10 |
s 1 1 =T A X T E T) =100
4 T i T o =
S 05 1 X T 11 N 11T = ‘
5 T TTN N —— ] i 0.30
3 02 —LLLLN - . L 104 Ui £
T [ote=taN T AT 1Tl !
8 LN T =G l I
{ i LU Y 0.5 i1
001 002 005 01 02 05 1 2 5 10 01502 03 05 1 2 3 5 0 15
Ig, BASE CURRENT (AMPS) Ic. COLLECTOR CURRENT (AMPS)
Figure 3. Collector-Emitter Saturation Region Figure 4. Base-Emitter Saturation Region
10k = —
- Co Sai t
3k T
2k T
1
(=
g 500 Con
5 0 il
20 1T 1
< 5 N 1
S 100 T = 25°C =
T =
=k T T
T T T
20 T T
o CI T 1111

0.1 0305 1 2 5 10 2030 50 100 300 300 830
Vg, REVERSE VOLTAGE (VOLTS)

Figure 5. Capacitance
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! MJ16010A, MUW16010A
|
|
TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS
g Icig1 = 5, T¢c = 75°C, VcEg(pk) = 400 V Ic/igy = 10, Tc = 75°C, VCE(pk) = 400 V
5000 ] I T T JL 5000 T T T T
e T | 1 T
3000 Vi =0V
BE(off) ; l ‘|\ 3000 VBE(of) = 0V T l
__zooo 2V T 2000 T —— .
i 2 [————— ! | | E 2V | { ! X
i % 1000 5V 21000 = :
: I = 700 !
: 2 500 T o] 500 T 5V
| 2 e z . ¥
j e | | 5 0 | | T >
i 520 ! ' | 1 220 | [ [ 1
Pl ! [ I
| ! 100 l 1 I 100 | : | - —
& 007 : . = £ =
] : 0.05 T t - S -~ 0.05 : —+ t —r
it 15 2 3 (] 2 10 15 1.5 2 3 5 7 10
| Ic, COLLECTOR CURRENT (AMPS) lc, COLLECTOR CURRENT (AMPS)
| Figure 6. Storage Time Figure 7. Storage Time
|
| -
1000 ¥ = 1000 :
; . Tt 18 - -
' 2 T T t WL T z 1 Vi =0V
i @ 500 I 1 t Vagjof) = 0V —— E 0 3 : ?E(orﬂ , i
i Z - ——1 [ [ 1 = I ‘ | ;
g T — =7 S W= i o
= ! ! 2 ! ‘
& 0 [ e W O & 00 I ~~—_1 T 1 I
) B, ey |
z l NN A4 g o~ [ l
= 100 > < 100 —— =273 2V
F= T . TS a I  Spaen s s ’
= i f —+ 2v =% = - T E
5 50 i i T S AN 2 % S I 2
;:.! ] T T X g I Ir S 5]\!
(=) | | 3 |
o | | (=]
R x 1 o ] . ,
" | 1 i | R EEE
15 2 3 H 7 10 15 15 2 3 5 7 10
Ic, COLLECTOR CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMPS)
Figure 8. Collector Current Fall Time Figure 9. Collector Current Fall Time
; 1500 ™ ; 1500 | | N
! 1000 — 1000
| = Vagjof) = 0V 2 ———
‘ = 50 — - 50 ! — Veeiof) = 0V >4
i = e —1 || . ! L [ T 1T 17
i H — N T sv - Lo [ | T _~T1
| = X0 T e 000 =T —7 | |
é 200 | N}( § \L [ \ ] i
g 10 W—x g : v 5 =
S T : 5 S T = e e — —
2 50 f - | £ % i 1 T 5V
| | T 1 [ T T T
| | | | { | | | { |
fg ] | i [ 1 fg | 8 | 1 !
15 2 3 5 7 10 15 15 2 3 5 7 10
Ic. COLLECTOR CURRENT (AMPS) I, COLLECTOR CURRENT (AMPS)
Figure 10. Crossover Time Figure 11. Crossover Time 3
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MJ16010A, MJW16010A

Table 1. Inductive Load Switching

Drive Circuit

500 uf =
1500
Vott o-
" Lot cae!
*Tektronix AMS03 Scope — Textronix Ty = ——
P8302 or Equivaient 7403 or Equivaient i

Ty acjusted 1o cttan Igipy
Note: Adjust Vo 10 obtain desired Vag o) at Point A

o 1, TIME
Figure 12. Inductive Switching Measurements

152, REVERSE BASE CURRENT (AMPS)

@

w

S - N oW e

VeEOus
L=10md
Rgy = = )
Ve = 20 Vois E
KCipi) = 100 mA

Inductive Switching

L= 200 uH

Rgz =0

Veg = 20 Voirs

Rgy seiected for desired I

RBSOA

L= 200 uH

g =0

Vee = 20 Vorts

Ray selected for desired Ig)

M= IN4246GP

| ! | |

S -
o

1 2 3
VBE(off). REVERSE BASE VOLTAGE (VOLTS)

Figure 13. Peak Reverse Base Current

Table 2. Resistive Load Switching

+15 OL _L
HP.214 td wndty tsand tf "W T $i90 Smn Wt 3
R L T
EQUN = >_{ MTPEP10
S I
i Tur Vit adjusied P
Rg =850 R 10 give spec:fied ’—_{ N
-0V
Voo = off drive W ENPFSJO
= = B 00
= = MTPI2N10
vee PLI A Vee 250V
00 wf =
AL | 250 ic 10A. )
Y =~y 00
= Ic | 10a [ 13A )
— 1 Vi
I | 13A bl
. < 15ns L' ] 3 '82 Per Spec
: Rg1 M50
* *Tektronix AMS03 Rg2 Per Spec
or Eq
e AL 50N
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MJ16010A, MJW16010A

GUARANTEED OPERATING AREA INFORMATION

N — . W
o e - w R ZEaY,
LV FF TS TN us i - T LTS L T Ous
10 Tc = 5°C = L grc = 25°C :
T ST 2 s T TTTmImoT AT =
§ |- P § 3 e ix Sakiikid i
= | REGION Il — EXPANDED FBSOA USING Qg v = 2-REGION Il — EXPANDED F3S0A USING [
3 [ LTI MURS100 ULTRAFAST 1T = Tt~ MURS100 ULTRA-FAST 117177
g ! RECTIFIER, SEE FIGURE 17 = 100 . ! RECTIFIER, SEE FIGURE 17655 100,
S s e i S s X -
S on i i o N %23%: S o] HHH
¢ ; p 1 T T i o
§0.20 T T | l ok go-zo;___bll T T HI?:II 1 .Iju T 1
S 0.10 ———— BONDING WIRE UMIT i N 3 0,10 —— = — BONDING WIRE UMIT !
> — ==~ THERMAL UMIT P = THERMAL UMIT
05— SECOND BREAKDOWN UMIT S His bpod = ST it rasw v
3 1 10 100 1000 : 1 10 100 10
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)
a. MJ16010A b. MUW16010A
Figure 14. Maximum Rated Forward Biased Safe Operating Area
b 100 ]
1 T
£ \ S e e e T
£ N Y Y -
2 ‘\ = s a2
=z \ g A s 2
S\ e THERMAL e
S | 2 DERATING ~
: \ = Y\ ~N b | =
- % w S
o g, >4 | Vagiof = 5V — = \ N =
3 Ty <100°C \ P g . MUW18010A \\ N
© ¢ | D7 ———— Ms0104 S|
VBE(ot = 0V t
oL 1 | oL [ T 1 N
0 0 00 500 800 1000 0 “ & 120 o .
Ve, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) !
Figure 15. Maximunj Reverse Biased Figure 16. Power Derating
Safe Operating Area
Ve (1000 V MAX)

+150—9

YT Zman gmn W0 EFp

. iy v l L:msso
0 HJMO&

MJE210

b MURS100

81 wuRio0

MTP12N10

!F_‘r-*
g

g
%
3
2l

Note: Test Circurt for Uttra-fast FBSOA
Rgy = Oand Vo = - 5Vors

Figure 17. Switching Safe Operating Area
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MJ16010A, MJW16010A

TIIT .

¢! SAFE OPERATING AREA INFORMATION

" FORWARD BIAS

| There are two limitations on the power handling ability
‘of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic—Vcg
imits of the transistor that must be observed for reliable
¢ operation; i.e., the transistor must not be subjected to
reater dissipation than the curves indicate.
: The data of Figures 14a and 14b is based on T¢ = 25°C;
5 J,J(pk) is variable depending on power level. Second
2 breakdown pulse limits are valid for duty cycles to 10%
ut must be derated when T¢ = 25°C. Second breakdown
imitations do not derate the same as thermal limitations.
Allowable current at the voltages shown on Figures 14a
& and 14b may be found at any case temperature by using
the appropriate curve on Figure 16.
2! TJ(pk) may be calculated from the data in Figure 18.
t high case temperatures, thermal limitations will re-
ﬂuce the power that can be handled to values less than
the limitations imposed by second breakdown.

- Forinductive loads, high voitage and high current must
be sustained simultaneously during turn-off, in most
2 Cases, with the base-to-emitter junction reverse biased.
; Underthese conditions the collector voltage must be held
t‘.’_ a safe level at or below a specific value of collector
modrrent. This can be accomplished by several means such
k33 active clamping, RC snubbing, load line shaping, etc.
s 2Ne safe level for these devices is specified as Reverse
E'fSed Safe Operating Area and represents the voltage-
'Tent condition allowable during reverse biased turn-
. This rating is verified under clamped conditions so
\&'at the device is never subjected to an avalanche mode.
9Ure 15 gives the RBSOA characteristics.

1 i n ¢ : i 4 ) % "’ ) 5 o e s i :
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001 002 003 005 0.1 02 03 05 1 2 3 5 10 FEEE) 100 200 300 500 1000
t. TIME (ms)

Figure 18. Thermal Response

SWITCHMODE DESIGN CONSIDERATIONS

1. FBSOA —

Allowable dc power dissipation in bipolar power tran-
sistors decreases dramatically with increasing collector-
emitter voitage. A transistor which safely dissipates 100
watts at 10 volts will typically dissipate less than 10 watts
at its rated VCEQ(sus)- From a power handling point of
view, current and voltage are not interchangeable (see
Application Note AN875).

2. TURN-ON —

Safe turn-on load line excursions are bounded by
pulsed FBSOA curves. The 10 us curve applies for resis-
tive loads, most capacitive loads, and inductive loads that
are clamped by standard or fast recovery rectifiers. Sim-
ilarly, the 100 ns curve applies to inductive loads which
are clamped by ultra-fast recovery rectifiers, and are valid
for turn-on crossover times less than 100 ns (see Appli-
cation Note ANS52).

At voltages above 75% of VCEQ(sus). it is essential to
provide the transistor with an adequate amount of base
drive VERY RAPIDLY at turn-on. More specifically, safe
operation according to the curves is dependent upon
base current rise time being less than collector current
rise time. As a general rule, a base drive compliance
voltage in excess of 10 volts is required to meet this
condition (see Application Note AN875).

3. TURN-OFF —

A bipolar transistor’s ability to withstand turn-off stress
is dependent upon its forward base drive. Gross over-
drive violates the RBSOA curve and risks transistor fail-
ure. For this reason, circuits which use fixed base drive
are often more likely to fail at light loads due to heavy
overdrive (see Application Note AN875).

3-629
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MJ16010A, MUW16010A

SWITCHMODE DESIGN CONSIDERATIONS (Cont.)

4. OPERATION ABOVE VCEQ(sus) —

When bipolars are operated above collector-emitter
breakdown, base drive is crucial. A rapid application of
adequate forward base current is needed for safe turn-
on, as is a stiff negative bias needed for safe turn-off.
Any hiccup in the base-drive circuitry that even momem-
tarily violates either of these conditions will likely cause
the transistor to fail. Therefore, it is important to design
the driver so that its output is negative in the absence of
anything but a clean crisp input signal (see Application
Note ANS52).

5. RBSOA —

Reverse Biased Safe Operating Area has a first order
dependency on circuit configuration and drive parame-
ters. The RBSOA curves in this data sheet are valid only
for the conditions specified. For a comparison of RBSOA

results in several types of circuits (see Application Note ;

ANSS1).

6. DESIGN SAMPLES —

Transistor parametars tend to vary much more from
wafer lot to wafer lot, over long periods of time, than 3
from one device to the next in the same wafer lot. For -
design evaluation it is advisable to use transistors from ;

b
4

several different date codes.

7. BAKER CLAMPS —

Many unanticipated pitfalls can be avoided by using -
Baker Clamps. MUR105 and MUR1100 diodes are rec-
ommended for base drives less than 1 amp. Similarly,
MURA405 and MUR4100 types are well-suited for higher
drive requirements (see Article Reprint AR131).
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niroduction to ferrite

“Ferrite” points to the family of oxides containing trivalent iron ions (Fe®*)
called ferric ions. The chemical formula for ferrite is MOFe,O; where M
indicates bivalent metallic ions. Ferrite is an-.ionic bond compound in which
oxygen ions and metallic ions are bonded in a geometric pattern, and is
generally obtained in a sintered multi'-crystal form.

Ferrite features a high electric resistivity, a low specific gravity value,and a
superb anti-chemical property; cofpared to metallic materials. In addition,
ferrite can be formed into complex shapes of all sizes.

Ferrite is commonly produced by the following process: First, iron oxide, the
main material, is mixed with more than one type of metallic oxides. Second, the
mixture is calcined and thoroughly milled, then granulated after binding agents
have been added. The powder thus obtained is pressed into various shapes
- which are then sintered at a temperature range of 1,000°C to 1,400°C to
produce ferrite products in their complete form.

Ferrite products, with their superior characteristics, enjoy diverse applications.
For example: ‘

({Telecommunications
LC filter, loading coil, coupling transformer, oscillator transformer, wide-band
transformer, pulse transformer, etc.

@Power transformers _ :
Main transformer, current transformer, drive transformer, choke, EMI fil-
ters, etc.

@ 0Other applications
Magnetic heads, thermosensor, keyboard switch, magnetic sensor, etc.




erms and definitions

’

‘ermeability 1-1. Initial permeability, ui

This is the limit value of B/H where H is indefinitely close to zero (H~~Q)
at the virgin magnetization curve of a ferromagnetic substance, and is -
derived by the following equation:

Where 1,: permeability in vacuum
H: AC magnetic field strength
B: AC magnetic flux density
{Note) The essential permeability of a core material is measured using a
toroidal core wound with a coil, and is represented by the following
equation:

_Llo . Re 4n7
= gzNT Ae 10

Where L: self-inductance of core including coil (mH)
Lo: self-inductance of coil (mH)
N: number of turns
Ae: average cross-sectional area of toroidal core (mmz)
¢e: average magnetic path length of toroidal core (mm)
1-2. Effective permeability, ue ) N
This is usually defined as the permeability of a core forming a closed

circuit where leakage fiux is negligibly small.

_L B8y |
He=ZaN? Ae 10

Where L: self-inductance of core with coil (mH)
N: number of turns’ '
. % = C, = core factor (mm™)
1-3. Apparent effective permeabiiity, u.,
This is generally a ratio of two inductances in a closed circuit:

#aoo=[L;
Where L: self-inductance of coil including core
Lo: self-inductance of coil not including core -
. Magnetization curves ,2'1' Saturation magnetic' flux density, Bs

When the strength of a DC magnetic field H is intensified around a
completely demagnetized magnetic core, the magnetic flux density B

increases from the initial point “0” Boam ooy
as shown in the figure on the right.

This is called an initiai magnetiza- 8

tion curve. The magnetic flux den- Br

sity eventually reaches its upper
limit, called the saturation -
magnetic flux density Bs, where
the value of B is defined as B,, e O
when H =10 Oe.

T~ —




. Loss

2-2, Residual magnetic flux density, Br
This is the amount of residual magnetic flux density retained by the co
after the DC magnetic field is weakened and finally removed to the lev
of H =0.

2-3. Coercivity,Hc
This is the strength of the magnetic field whereby the residual flux densi
becomes zero under the intensification, in the ‘opposite.directipn. of ti

. -

DC magnetic field. = = * .

3-1. Loss factor tand
The core loss factors of three different types of losses: hysteresis los
eddy-current loss and residual loss.
tand =tandh4-tande+tandr

=h1/—%li-§|~f+rn

The loss coefficient tand can be also represented by the ratio of resi

tance to reactance as follows:
tano =_g_r|r:_=___neaf:-LRw
Where tandh: hysteresis loss coefficient
tande: eddy-current loss coefficient . !
tandr: residual loss coeffecient
L: self.inductance of core with coil (mH)
v: core volume (m3)
is current (A)
’ h,: hysteresis loss coefficient
e,: eddy-current loss coefficient
r,: residual loss coefficient
f: frequency (Hz)
Rm: resistance of magnetic core (Q)
Reff: resistance of core and coii (Q)
Rw: resistance of coil (Q) .
w: angular velocity (radian/sec.)
{Note) h, is expressed as follows:
=l /- BB 00
Where R, =resistance for current i,
R, =resistance for current i,



‘erms and definitions

v

3-2. Relative loss factor .tand/u:
This is the amount of loss per unit permeability and .is expressed as
follows:
tand/u: (for magnetic materials)
tand/ue (where gaps are added to the magnetic circuit)
3-3. Relative hysteresis loss coefficient, h,, (h-one-zero)
’ - This is the value of h, when .1=1000 and is used for comparing different
materials. It is expressed as:

h10=h1'(1-%p')%

(Note) The relationship between h,q and 75 is represented as foliows:
h10=50.1 7gX10°
3-4. Quality factor, Q

This is the reciprocal of the loss coefficent and is given by:

=1 _wlL
tand — Rm
. (Note) The Q for the coil with the core-is expressed as follows:
Q —wl i B
Reff
. Temperature characteristics 4-1. Temperature coefficient, au . *

This is the fractional difference of permeability per 1°C in a temperature
range of from T, to T,,

s, 1 !
=" T

Where u,: permeabiiity at temperature T,
12: permeability at temperature T,
4-2. Relative temperature coefficient, aur
This is the temperature coefficient per unit permeability and is represent-
ed by:
a'ﬂl'=Z—fl
Thus, the temperature coefficient of an actual core is obtained as follows:
au=aurX ue
4-3. Curie point, Tc

As shown by the typical tempera-
ture characteristic of permeability in
the figure on the right, the Curie
point Tc is defined as the tempera-
ture at which the magnetic core
changes from the ferromagnetic to

. the. paramagnetic sate. It is the
temperature obtained at the inter-
section point of the horizontal fine of - Temperature Te
1 =1 and the line passing through
the points 0.8ymax.and 0.2umax .
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5. Disaccommodation factor, DF

6. Electrical resistivity, p (Q-m)

7. Density, d (kg/m®)

8. Power loss

This is the factor representing the variation of permeability through tir
after a complete demagnetization of the core at a constant temperatu

DF=T§§§--ﬂ,—z (t2>t)

Where p,: initial permeability t, minutes after complete demagneti;

tion
1z initial permeability t, minutes after complete qemagneti:
- tion P .

(Note) Generally, t, to t, is set at 10 to 100 minutes.

This is the electrical resistance per unit length and cross-sectional ai
of a magnetic core. '

‘This is the weight per unit volume of a magnetic core as expressed bel¢

W
d=vy

Where W: weight of magnetic body (kg)
V: volume of magnetic body (m®)

Power loss denotes the loss by an electrical transformer, such at
switching regulator, under a magnetization condition featuring a h
frequency and a large amplitude. Operating magnetic flux density, B
generally expressed as follows:

_E
B=727fNAs X 10° (mT)

Where B: magnetic flux density (mT)
E: coil terminal voltage (V)
f: frequency (kHz)
N: number of coil turmns
Ae: effective cross-sectional area (mm?)



Standard ma'&@?@ @hag’@g&@?ég&éﬁﬁ (Power materiai)

14
Property « - évolenlil - Symbol * Condition Unit 6H10 6H20 TFH10 -
- Initial permeability :~~7 « - piac: ity T 2500+20% 2300+20% | 1500+20%
N Bl Bs - .o |. +23°C 510 510 480
Saturation magnetic flux dansity (800A/m) [T 100°C mT 390 330 380
Residual magnetic flux density- - ot Bl e o0 0 23°C ¢ mT 110 130 150
Coercivity " *. ~ =0 ; He ok 23°C A/m 13 13 30
Relative loss factor - - 100kHz X107 <5 <5 <5
;!;!?;c..-_- ,-.u'-x,.u,- god 1 _5.'?u. et b en e i tuy e sooc 80 80 —
|2--80°C - | kwW/m® 80 65 —
.3 100°C |- 110 55 —_
60°C 500 - 500 —_
£80°C if . kW/m® ' 500 - 420 -
:100°C =5 - i 600 400 —
s 60°C T s P e — 100
(545 80°C el 1y RW/m®, o | © e — 80
1445 100°C . : — PRERE 100+
7 60°C. | - I — 400
Z: .80°C7 | okW/md - | v -o— —_ 400 -
: - 2 31 FEETE To e 1l oan 1 R LSS VN RN TR, — - 500
“Temperature coefficient: -+ : | ri i N¥ii quptinr 14| e 20~80°C | © " X107° 8 8 8
Curie temperature- .~ -~ - R (T AT — - °C. > 200 > 200 > 200
Resistivity' R . s e "’r," B b “:i . ‘ | p— —_— Q-m 3 3 5
Density d — kg/m® X 10° 4.8 4.8 48
Note: 1) The values were obtained with toroidal cores (FR25/15/5).
2) The values were obtained at23+2°C unless otherwise specified.
3) Initial permeability was measured at 10kHz, 0.8A/m.
i vs. Temperat ity —en20
Hi vs. perature ua vs. Flux density ---gH10
7000 7000 i -
6000 6000 100°C
5000 7 5000 /‘ 7 23°C 23,C
6H20| - v il B N ‘\
R <oty AT NN
* 3000 Vs so0ol L AL 1007C K &\‘
// 6H10 '
2000 v 2000
1000 1000
[+] 0
0 50 100 150 200 250 o] 100 200 300 400
Temperature (°C) - Flux density {(mT)
B-H curves 6H20 B-H curves 7H1Q
600 - ~ 600
5 23°C 500 23°C
_ ] 60°C 60°C
= 400H 100°C 4001 100°C
E H E IV .o
oM 300 = 300H
9 as]
2 200
100 100
0 0
[9 200 400 600 800 0 200 400 600 800
H (A/m) H (A/m)
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characteristic CUrves (Power material)
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Standard material characteristics (Linear material

v

Property Symbol Unit 3HO1 3H10 3H20 3H21
- S . . 800 1200 2200 2400
Initial permeability piac +20% +20% +£20% +20%
5 <20 . <15 <25 <35
tan -8 (0.5MHz) {0.1MHz) (0.1MHz2) {0.1MHz2)
Relative loss factor - S X10 <40 <4
_ : : (1MHz2) (0.5MHz2)
Temperature -30t0 20°C Qe Oto2 03w2 0410 1.6 04102
coofficient 20 to 55°C . Oto2 0.2t01 04101.2 04102
oo 20 to 70°C i A Oto2 02101 0.41t01.2. 0.41t02
; L e = 3900 4650 4200 4100
Saturation magnetic flux density | .3 390 A65 420 410
e b ‘ 1700 1500 800 1100
Residual magnetic flux density .. 170 150 80 110
PRI S : 4 Oe 0.7 .- 05 . 0.15- - - -0.3
Coercmty T A/m. < 56 40 12 - - 24
: . _...X10° <18 <04 . <04 <0.6
Hysteresis material constant . . TR {10kHz) (100kH2) - | - (10KkHz) - (10kHz)
Disaccommodation factor .~ * o S X107 <20 <4 <2 <3
Curie temperature - & L0 e T °C > 250 > 200 > 160 > 160
Resistivity A R I - 5 5 5 4
Density . = T urid et | kg/m® X 10° 4.6 4.7 4.8 4.8
Note: 1) The values were obtained with toroidal cores (FR25/15/5).
2) The values were obtained at 23+2°C unless otherwise specified.
3) Initial pe(meability was measured at 10kHz, 0.8A/m.
100 104 i
3HO1
i
/
A
/
h
¥
/1/
10t 10°% o
Z
=5 7
3 3H21 'g 3H217
. g iy,
3

10? 107 m

1072 107! 1 10 103 1072 107! 1 10

Frequency (MHz) Frequency (MHz)

1




Standard ‘material

@ha Fa @te r§'&Cs (Linear material)

2H1l8

Property Symbol Unit 2HO03 2HO4 2HO6 2HO07 2410 2H15
. . : 2500 4000 5500 7500 10000 15000 18000
 Initial permeability piac £20% | +20% | +20% | +25% | +30% | +30% | +30%
. tan g -8 <4 <10 | <30 <5 <70 <15 <90
Relative loss factor “u X10 {100kHz) | (100kHz) | (100kHz) | (10kHz) | (10kHz) | (10kHz) | (10KkHz
T “ -301t0 20°C 0t020 [ 0t020 | 0t02.0 [ Oto1.5 | Oto1.5 |-Oto 1.t
emperature - : -8 TN U PR B :
coefficient 20 to 55°C ) aur X10 ISR R RISV ISRRAIY. 0510 1.5 "0.5 tol.
20 to 70°C 01020 | 0t020 | 0t02.0 [-05t185{ : . -, -|.-
: . Gauss 4700- 4200 L 4200 4100 .| '4000 4000 | 4000
Saturation magnetic flux density . Bs mT 470 420 420 410 400 400 400
e : - - Gauss 1000 800 800 600 600 600 800
Residual magnetic flux density " Br mT 100 80 80 60 60 60 80
Coercivi Ce " He Qe 0.16:-} - 0.10° 0.10 0.05 0.025 002 .| - 0.02
‘ vity * . ; A/m - 128 [.:-:8=: . .8 |4, i 216 -] 1.6
. TN - X107 <08 <0.8 < 0.6 <10 <20 <20
Hysteresis material constant e “mr _(10kHz) | (10kHz) | (10kHz) | (10kH2) | (10kH2) | (10KHz
Disaccommodation factor - DF X107 e <300 7|.:<3.0 - <80 }-<20 -+[--<1.02]:<1.0
Curie temperature - Te °C >200 [=>1407|"->140 >130 <120.] <120 '<129
Resistivity - p Qm 1 1 0.2 0.1 0.01 0.01 0.01
Density d kg/m® X 10°| 48 4.8 48 4.9 49 4.9 5.0
Note: 1) The values were obtained with toroidal cores (FR25/15/5).
2) The values were obtained at 23+2°C unless otherwise specified.
3) Initial permeability was measured at 10kHz, 0.8A/m.
A
%-HCI,
2HO
4 I_io' 2
by &
ghi18r Stiod
2H15 | {1908
. A " £ L2HO3 4
10 N2H10 10 ¥
\"ZHO'; it
2H06 —
g 2 ?IL K y
S. -!: 04 tg i / ”I! -
M
N2HO3 8 /
/
Aq'
10° 107
10? 107
10 10™ 1 10 107 107 10" 1 10
Frequency (MHz) Frequency (MHz)



Viaterial

characteristics curves

(Linear materiai)
uiac vs. temperature
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Material characteristics cUrves (Linear material) B vs

B (mT)
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H (A/m)
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v

Presentad here is a design example
of a transformer with a forward
converter circuit. 03

List of symbolis

Tr

..Pt...| Total loss (W) Np | Number of turns at primary side (—)
PLt | Power loss (W) “Ns | Number of turns at secondary side (-)
Pcu .| Copper loss (W) NR | Number of resetting tums (—)
Pp(cu) | Copper loss of primary winding (W) Ip * | Current at primary side (A)
Ps{cu) | Copper loss of secondary winding (W) Ip(av) | Average current at priniary side (A}
_Plo - | Loss by exciting current (W) Is | Curent at secondary side (A) -
PR.-| Copper loss of resetting winding (W) Is(av) { Mean cumrent at secondary side (A)
tm "1 { Working temperature ('C) lo Exciting current (A) °
tab - { Ambient temperature ('C) lo(rms) | Effective value of exciting current (A)
At Temperature rise {'C} IR Resetting current (A)
0’ Magnetic charge (MX) ! IR{rms) | Effective value of resetting curmrent (A)
Bs | Saturated magnetic flux density (mT) r AC resistance per copper wire 1m (Qm/m)
Br Residual magnetic flux density (mT) K1 Temperature compensating coeficient of coppar wi os: vaiue (~)
Bm Operating' magnetic flux density (mT) ° AL Inductance factor (inductance per turn) (nH/T) :
ABm | Changing width of magnetic flux density (mT) o | Winding resistance of primary winding (mQ)
_Nl " | Electric charge (AT) rs Winding resis}ance of secondary winding (mfl)
Vin AGC input voltage (V) R Winding resistance of resetting winding (mQ)
AVin | AC input voitage variation (V) 1] Mean winding length (m)
Ein DC input voitage (V) tp Mean winding length of primary winding (m)
Eout | DC output voltage (V) i3 Mean winding length of secondary winding (m)
Es }0utput voltage at secondary side of transformer M| Dp | Wire diameter of primary winding (m)
VF Drop in voltage of commutating diode (V) Ds Wire diameter of secondarv winding (m)
VL Drop in line voltage (V) DR Wire diameter of resetting winding (m)
lout | DC output current (A) s Current density (A/mm?)
Pout | Output power (W) - B Occupied ratio {—) N
f Switching frequency (Hz) AW | Bobbin window area (mm?
rm | Maximum pulse width (ys) Ae | Effective area (mm¥)
T Frequency (1/9) (us) AWe | Core window area {mm?)
2m/T Mw;imu'm duty (%)




I

1. Example of design

1-1.

1-2.

Setting of condition
Ein = y2 X Vin = 141 (V) f = 50 (kHz)

Eout = 5 (V) m/T = 40 (%)
lout = 20 (A) tab = 50 ("C)
+AVin = *15 (V) At = 35 (C)
Pout = 100 W)
WhereEin =. /2 X Vin: DC input voltage (V) »
Eout: DC output voltage (V) -

lout: DC output current (A)

+AVin: AC input voltage variation (V)
Pout: output power (W)

f: switching frequency (KHz)

m/T: maximum duty (%)

tab: ambient temperature ("C).

At: temperature rise (°C)

Determination of core size

In order to select cores matching the size and output power of the pov
supply, see the chart (Fig.-1) for relationships between transmission po
and coré shape. ’

EE 40/34K is selected in this design example.

1-3. Derivation of total loss

1-4.

Derive the value of total loss Pt corresponding to the set value of temp
ature rise At. :

See the graph on (Fig.-2) for relationships between Pt and At.

Since At is set at 35°C, the graph indicates Pt = 2.6W.

Changes in magnetic flux
The graph-on the right illustrates s
changes in magnetic flux caused {mT) .
by exciting current lo in period 7, Bmor—1-
and that resetting current IR is B
generated by resetting magnetic -
flux in the OFF period. Conse- / (A/m)
quently the transformer will

saturate uniess the OFF period is

set to be greater than the max-

imum pulse width zm. The value

of Bm must be set at no more fom
than 80% of the value of Bs to 0
avoid magnetic density satura-

tion.

The graph on the right presents

- fo (Condition)
/ ABm =g

i

i

[}

}

i

ABm=Bm-Br !

relationships between ABm and : 250

Bm.
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1-5. Determination of magnetic load

Pt = Pcu + PLf

Total loss is generally expressed in the equation,

where the optimal condition is reached when (1/2) Pt = PLf = Pcu.
The permissible value of power loss PL= (1/0.4) PLf is then estimatec

. with the optimal condition for (1/2) Pt = PLf at the maximum operatin

PLf = (1/2) Pt = 1.3W
PL = (1/0.4) X 1.3 = 3.25W

200-mT.

1-6. Maximum DC input voltage

1-7. Determination of primary winding

— Ein{max.}. a_
Np—AeXABm XtmX10

{Condition)
m/T = 40 (%)
Therefore, Tm = 8 (us)

1-8. Det.ermination of secondary winding

e —VE+VLtEout _15+5
m/T 0.4

{Condition)
VF 4+ VL = 1.5 (V)

._NpXEs __44X16 ..
NS=giqiming = 120 o)

17

e ——— e £ A o s St o e v v o1t 5 e =

Ein (max) = ¢3 X (Vin+AV) = /2 X (100+15) = 162

162X8X10°

=16(V)

Ein (min.) = V2 X{Vin — AV)=,/2X(100—15)=120(V)

temperature of the core and the utilization rate and duty of the magnet
flux taken into account. Here, 1/0.4 is the coefficient for conversic
between iron material loss and the iron loss in a forward converter circu
Next, the value of Bm is obtained from the graph “Power loss vs. magnet
flux density.” Fig.-3. The value of ABm is derived from the above graph “A
vs. Bm." For core materials, 6H20 is most suited for the minimization of ¢

loss in the operating temperature range of 20°C to 85°C. As a resuii,

From the graph “Power loss vs. magnetic flux density,” it is found t
PL = 3.25W corresponds to Bm =250 mT. Then, fromt he graph, ABr



1-9. Average current of primary winding
Np«lp = Ns.is
Ns-is
Np

Ip (@) = Ip-(zm/T) =N328 (rm/T)=BX2X0L - 45

therefore, Ip=

1-10. Average current of secondary winding '
Is (av) = loute(zm/T)
The figure below shows the current waveform in the secondary windin

: “é]‘."

[

f i
|

Jd T
|

)

Accordingly, the average current is :
Is (av) = 20 X0.4 = 8 (A)

1-11. Calculation of electric load
Electric load is defined as the total intensity of currents in the coi
window area. The current density is equal in each winding.
N+l =NR-IR (av) + Np-lp (av) + Ns-Is (av)
WhereNR: number of resetting turns (—) Np = NR
IR (av): average resetting current (A) IR (av) =< Ip(av).” V0.
From this condition,
Nel =(1//10) Np-Ip {av) + 2Np-Ip (av)
=23 (Np+lp (av))= 2.3 X 44 X 1.1 = 111 (AT)
Where 14/10 is the coefficient for converting the value of resettii
current into the value of primary winding current.
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1-14. Wire diameter of secondary winding

1-12. Current density of winding

o = Nt 25 6 <7)(A/mm?)
B-AW 05 =8 <07)(-)
(Condition) 8 = 0.5, AW 5 105 (mm?)
8=tz 21(A/mm?)
Note : AW is effective when its value is approximately 60 to 70%
of the value of AWCc. In this example, AW is set at 65% of -
AWc = 160 mm?Z. (For the E! core, AWc=(B—C) F/2)

1-13. Wire diameter of primary winding

Dpsy/ 2i0@V _ /AX11 6 82(9)

Dssy/ 48a_ /3XB_-55(9)

In view of the surface skin effect, the safety coefficient for ripple current
is set at 1.2. Then, the optimal number of secondary winding wires equals
{Np/Ns) x 1.2, where these wires are wound in parallel and the diameter
is the same for both primary and secondary wires. As a result, (44+86) X
1.2 = 9 wires each ¢ 0.82 are recommended to be wound in parallel.

1-15. Resistance of primary and secondary m)indings

Resistance of primary winding
rp = Np- ¢ per
" Resistance of secondary winding
rs = Nse £ ser
The average winding length is derived as follows:

(1) Secondary winding incorporated in the primary winding in a sandwich
pattern

Primary winding

b2

bl
7727,

I Secondary winding
NN
SAANAN AN

o

/7

L L LN DL LY LAl Ll

|




al, b1 : inside dimensions of bobbin
a2, b2: outer frame dimensions of bobbin
Average winding length is :
£ =al +b1 +a2 +b2or ¢ = ts = §¢p
AC resistance per im (at 25°C)

Wire diameter Ac, :;s‘u_ls/t:‘r;ce
(mm) - -
-, - f = 50KH2 , § = 100KHz
0.4 141 143
0.5 91 94
0.8 65 67
0.7 48 51
0.8 38 43
0.9 32 37
1.0 25 31

From bobbin dimenéions,

al = 14.4 (mm)
bl = 14.4 (mm)
a2 = 26.7 (mm)
b2 = 26.7 (mm)

When 95% of the bobbin space is used,
£ =144 + 144 + 0.95 (26.7 + 26.7) = 79 (mm)"
From the above table, the AC resistance per meter of a $0.8 wire |
described as:
£ = 38 (mQ/m)
Primary winding resistance rp is :
’ P = 44 X 0.079 X 38 () = 132 (mQ)
Secondary winding resistance rs is :
(Nine 0.8¢ wires are wound in parallel.)
rs =6 X 0079 X 38 +- 9 % 2(mQ)

(2) Primary winding wound inside the secondary winding
When the average winding length of the bobbin is ¢, the followin
equations give typical lengths of the secondary and primary windings
ts = /2 +a2 +b2
£p = 2/2 +at +bl

20
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1-16. Copper losses of primary and secondary windings
The temperature compensating coefficient K1 for copper wire resistance
is obtained from the table beiow.

(Copper loss of primary winding)

Pp(cu)=rp- (Ip) T"-K1

(Copper loss of secondary winding)

Ps (cu)=rs-(ls)2-—7—1'p-K1

Temperature compensating coefficients of copper wire resistance

Temperature Compensating Coefficient
(C) (K1)
20 1.000
50 1.118
55 1.138
60 1.157
65 1177
70 1.197
75 . 1.216
80 1.236
85 1.255
90 1.275
95 1.295

If the maximum operating temperature is 85°C, Ki = 1.255.

Pp {cu) = 0.132 X (2.7F X 0.4 X 1.255 = 0.483 (W) |
Ps (cu) = 0.002 X (20)* X 0.4 X 1.2565 = 0.402 (W)

1-17. Loss due to exciting current
Primary inductance Lp is :

Lp = AL<(Np)* = 2000X10"°X (44)* = 0.00387 (H)

{Condition) AL = 2000
Exciting current lo is :

lo=E Mz — 120x8x10°¢ + 0.00387 = 0.25 (A)

Effective value lo (rms) of lo is :

lo(rms)=lo+v3 =0.25/V3%=0.14(A)

Accordingly, the loss due to exciting current is :

Plo = rp(lo"(rms))*-K1=0.132X(0.14)*X 1.255=0.00325 (W)




1-18. Copper loss of resetting windings .
The number of resetting winding turns NR = Np the number of primary
winding turns. The diameter of the resetting winding wire DR is approx-
imately 1/3.16 of Dp, the diameter of the primary winding wire.
DR = Dp X (1/3.16) = 0.8X (1/3.16) = 0.25 (¢)
The resistance rR of resetting winding is :
IR =10 x 1p = 10x70.432 = 1.32 (Q)
Accordingly the 'copper loss of resetting winding DR is derived from the
equation, IR (rms) = lo (rms) :
PR =.rR X (lo (rms)* X K1 = 1.832 X (0.14) X 1.255 = 0.0325
(Condition) lo (rms) = 0.14 (A)

1-19. Total copper loss
Pcu = Pp + Ps +Plo +PR
= 0.483 + 0.402 + 0.00325 + 0.0325 = 0.921 W)
(Condition) Pp = 0.483 (W) v
Ps = 0.402 (W)
Plo = 0.00325 (W)
PR = 0.0325 (W)

1-20. Evaluation of design values

Evaluation is made to see if the initial conditions are satisfied. This
evaluation is made on the basis of power loss PLf = 1.3W and copper loss
Pcu = 0.92W, and thus the designed transformer would have a total loss
of 2.22W, a value less than the initially set 2.6W. Accordingly, the design-
ing can be said to be workable. if the initial conditions were not satisfied,
it would be necessary to re-examine the operating flux density Bm, core
material characteristics, core size and the transformer radiation method,
among others.

22



Fig.-1
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{Notes) A slight change takes place therein depending on the loss of core, winding, shape and winding method bobbi
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Therefore, utilize only as a rough reference.

Fig.-2
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Features

(1) Customers are invited to select the most suitable products from a
wide selection of shapes.
(2 Various types of bobbins with pins are available.

Applications

Switching regulators, choke coils, transformers for strobo use, pulse
transformers, etc.

Designation

6H20 EE30/26K
|

Shape detail

|
; Core height
L

|
|
I ‘Core length
l

Shape

Material

42



EE CORES

B Cc

Shapecode Rt s SRR Dimensions (mm) General

A |y B o c D Emin. F H | standard
EE12.6/13 1264050 |- 6.40:0.10 3.55+0.15 3.55+0.15 8.9 4.65+0.15 1.70
EE13/13B 13.0+0.20 6.40+0.10 ~ 7.00£0.10 3.55+0.15 8.9 4.65£0.15 1.90
EE16/14K 16.0£030 | 7.20£0.10 4.80+0.20 3.80+0.20 11.7 5.20+0.15 2.00 Jis
EE19/16K 19.1£0.30 7.95+0.15 5.00+0.20 4.55+0.15 14.2 5.60+0.10 2.30 JIs
EE19/16Z 1931032 | 8.10:0.18" " 476013 4.7610.08 14.1 5.72+0.13 2.38
EE22/20 | 22.0+0.30 | 10.2+0.20: | . 575+0.25 | 4.25+0.25 .| 17.0 7.70+0.20 2.25
EE25/19A 25.8+0.40 9.65+0.13 6.35+0.20 6.48+0.13 | 188 6.73+£0.25 3.30
EE25/19Z 25.4+0.38 9.53+0.25 6.35+0.25 6.35+0.13 18.7 6.38+0.17 3.18 Jis
EE25/20 25.0+0.30 10.240.20 6.40+0.30 6.40+0.30 18.2 6.65+0.15 3.25
EE30/26K 30.0+0.50 1321020 | 10.7+0.30 10.7+0.30 19.5 8.15+0.15 5.00 JIs
EE30/30 30.0+0.50 114.9+0.25 6.90+0.30 6.90+0.20 19.5 10.210.25 5.00
EE34/28A 34.6+0.45 14.2+0.20 9.27+0.25 9.27+0.25 25.4 9.90+0.25 4.38
EE40/34B 40.0+0.60 16.8+0.40 11.7+0.40 11.7+0.40 26.8 10.74+0.15 6.35
EE40/34K 40.0+0.50 17.04£0.30 10.740.30 1071030 | 274 10.3£0.30 6.00 Js
EE40/35A 40.8+0.55 16.6+0.25 12.4+0.30 12.51:0.30 28.6 10.740.28 5.85
EE40/44 40.1+0.60 22.3+0.30 11.7+0.40 11.7+0.40 27.3 15.210.20 6.05
EE42/42-15W  42.2:40.90 21.0+0.207" | " 15.0+0.30 12.0+0.30 29.5 15.2+040 . | 6.03 Jis
EE42/42-20 42.240.90 21.0+0.20 19.6+0.40 12.0+0.30 295 15.2+0.40 6.03 Jis
EE43/34 42.6+0.85 17.0£0.30 12.6+0.40 12.6+0.30 28.1 10.5+0.30 6.86
EE47/39A 47.2+0.60 19.640.30 15.540.40 15.7+0.35 31.8 12.440.35 7.44
EE50/42K 50.0+0.70 21.3£0.30 14.6+0,40 14.6+0.40 34.2 12.8+0.30 7.50 JIs
EES5/55A 55.2+1.10 27.5+0.30 20.7+0.30 17.0+0.30 37.5 18.9+0.40 8.52 Jis
EE56/47A 56.6:0.65 23.6+0.30 18.7+0.45 18.8+0.25 38.1 14.8+0.35 9.02
EE80/76 80.0+1.00 38.1£040 | 19.8+0.40 19.84+0.40 61.2 28.2+0.30 8.90
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EE CORES

éhape code Magnénc P Ce:treeraleg h:g:;zi{a:lg:gzs rw;%:vi Q?e%;?!’: I:ts; ?::gb ei')‘
(mm=) | (mm?) | (mm) | @m?) | . (mm?) (mm?) | (mmy | (@/Pr) | (page)
EE12.6/13 2.4057 124 | 297 | 367 126 12.1 L | ‘263 | 190 | — -
EE13/13B 11834 | 251 | 300 | 752 249 2338 B | 266 | 370 | 47 -
EE16/14K 18662 . | 189 | 352 | 663 18.2 18.2 cC | 426 | 320 | 48 59
EE19/16K 17168 | 231 | 396 | 915 228 228 C | 857 | 458 | 49 -
EE19/16Z 177116 | 227 | 401 | 909 227 | 227 IBC | 559 | 45 | — .| —
|EE22/20 19504 | 261 | 512 | 1340 244 244 C | 102 | 138 | — —
EE25/19A | 12387 | 39.8 | 492 | 1960 411 37.1 B | 856 | 996 | — -
EE25/19Z 11970 | 402 | 481 | 1940 403 40.0 B | 8.0 | 103 | 50 -
EE25/20 1.1561 426 | 493 | 2100 410 41.0 c | 805 | 103 — -
EE30/26K 052756 | 110 | 57.9 | 6360 14 107 <L |-758 7| 322 | ‘s 59
 EE30/30 11538 | 57.3 | 661 | 3790 476 476 C | 134 | 207 | 52 | =—
EEM/26A | 085153 | 821 | 693 | 6750 85.9 797 B |-.164 | 208 | — -
EE40/34B 054389 | 142 | 775 | 11000 137 137 c { 167 | 520 53 -
EE40/34K 060782 | 127 | 774 | 9860 114 114 c | 178 | 520 | 54 60
EE40/35A 052569 | 149 | 781 | 11600 155 145 L | 178 | 588 | — -
EE40/44 066917 | 145 | 97.2 | 14100 137 137 cC | 28 | 7| — | =
EE42/42-15W| 054243 | 180 | 97.8 | 17600 180 180 BC.| 276 | 89 | 55 .| —
EE42/42-20W 041512 | 236 | 97.8 | 23000 235 235 BC | 276 | 118 56" | —
EE43/34 047780 | 165 | 787 | 13000 159 159 c | 171 | 650 - —
EE47/39A 038524 | 232 | 895 | 20800 243 223 B | 206 | 106 — -
EE50/42K 042677 | 226 | 9.3 | 21700 213 213 c | 261 13 57 60
EE55/55A 034989 | 353 | 124 | 43700 352 352 cC | 40 | 218 | 58 —
EES6/47A 031597 | 339 | 107 | 36400 32 | 329 B | 202 | 186 — —
EEB0/76 049137 | 377 | 185 | 69700 392 32 L | 1480 | 354 - -

lote: Minimum cross sectional area B; Back area C; Center leg area L; Side leg area



EE13/13B | EE CORES

]
I °8 Magnetic Parameter
I X Core constant C, 1.1934 mm™
U Effective magnetic pass length ¢, 30.0 mm
ot BSmin. Effective cross sectional area A, 25.1 mm?
Effective core volume Vv, 752 mm?
Center leg area A 24.9 mm?
130007 Minimum cross sectional area A, 23.8 mm?
(Back area)
hﬂ’i Winding area of core A, 26.6 mm?
a‘ ) Approx. Weight 3.70 g/pair
1 © <
h ?:’5 Unit: mm
A
- Ve e , w AL Value ; N Effective permeability Air gap _'rA - Core loss (Max,)
Pmdum °°de o] (nH/N?) .. e ¢ i, approx. 100kHz, 200mT (Watt)
6H20 EE13/13B 1,700 £25% (1,275~2,125) 1,580 0 0.38
AL value vs. gap length NI vs. AL value
2 4
2
10 10
7
7
4
5 4
S~ 4 2 N
3:‘:. = \Q~\\
NN
_g’_’ $ 10? K" N —-232C
g z , ‘\Y\‘ ~
2 2 LSRN
4 AN
N
" \ g g 2
10? 23°C 190,C
10
7 7
X 4
10~ 2 4 7 1 2 4 7 1@ 2 4 7 1@ 2
Total gap length (mm) . Al value (nH/N?)
o, - 0% -(.72937 H/ 2 . . .
23¢C éL - 232 gxgl_—mno:( r(\mnl\]l)) NI shows the point where the exciting current is
100°C AL = 52.5XG074028 (nH/N?) 20%. away from its extended linear part.

G = 211.1XAL"35083 (mm)
45
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s £E16/14K EE COR
I[ 31
+ g Magnetic Parameter
k ! ' Core constant C, 1.8662mm™
) Effective magnetic pass length £, 35.2 mm
) 11.7min. _ Effective cross sectional area A, 18.9 mm?
" Effective core volume - V, 663 mm?
; Center leg area A, 18.2 mm?
’ 16.00% Minimum cross sectional area A, 18.2 mm?
3 (Center leg)
M;l Winding area of core A, 42.6 mm?
\
':; ) Approx. Weight 3.20 g/pair
! @y E Unit: mm
? A
§ " AL Value Effective permeability " | “~/All. gap:&2|- "4+ Core loss (Max)%]
Product code (nH/N?) e - approx " 100kHz, 200mT (Wa
! |6H20 EE16/14K 1,100 £256% (825~1,375) 1,630 0 0.34
3
AL value vs. gap length NI vs. AL value
; . ‘
2 10° 10°
3 7
) |
4
&
PoE e ?
5 £ o~ NN
- < v LN
5 z N ‘:“ c
2 e 100N
# 4 D\
N\ N
N\ 2
0’ AN 100
10
7 23°C 7
4
10°" 2 a 71 2 7 0 2 4 7 10° 2
Total gap length (mm) Al value (nH/N?3)
o - —0.70627 2
23¢C éL _ 133'221-‘ 41537(?:1/:1‘)) NI shows the point where the exciting current is
100°C AL = 40.0XG-071824 (nH/N?) 20% away from its extended linear part.
G = 170.5XAL"%2% (mm)



E19/16K

EE CORES
i .
+ 08 Magnetic Parameter
[(13
[L Core constant C, 17168 mm™
14.2min Effective magnetic pass length £, 39.6 mm
— Effective cross sectional area A, 23.1 mm?
Effective core volume V., 915 mm?
0w Center leg area A, 22.8 mm?
191 Minimum cross sectional area A, 22.8 mm?
s (Center leg) .
“-51 Winding area of core A, 55.7 mm?
=4
1 28‘ e ‘ Approx. Weight 4.58 g/pair
1 v ::,,,
' ~ Unit: mm
y
1
" Productcode | 7 ;AL Value. S Effective permeability Air gap Core loss (Max.)
e |2 (DHINB) e TH approx. 100kHz, 200mT (Watt)
iH20 EE19/16K 1,200 +25% (300~1,500) 1,660 0 0.46
AL value vs. gap length NI vs. AL value
2 4
2
10 100
7
7
4
T
£ o \\\
o N
3 $ 10? N 23°C
> Z LN
T 2 A
\ 4
1005C 2
10?
23°C 10
7 | 7
N
N
R 4
10 2 4 701 2 7 0 2 4 7 10 2
Total gap length (mm) Al vaiue {(nH/N?
23C AL = 46.5XG™07'%% (nH/N?) . " :
G = 207.0XAL™'38%5 (mm) NI shows the point where the exciting current is
100°C AL = 47.1XG™°7% (nH/N?) 20% away from its extended linear part.
G = 191.4XAL™"%3 (mm)

1
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£E25/18Z

EE CORE
|
+ 3 Magnetic Parameter
| © Core constant C, 11970 mm™
' . Effective magnetic pass length ¢, 48.1 mm
18.7min. . Effective cross sectional area A, 40.2°'mm?
" Effective core volume ° Vv, 1940 inm?
Center leg area A, 40.3 mm?
254107 Minimum cress sectional area A, 40.0 mm?
. (Back area) .
.ﬁﬂl’.l . Winding area of core A, 81.0 mm?
Eé 1 " 1 Approx. Weight 10.3 g/pair
l dy ?‘R
a
Y
AL Value Effective permeability ~ Air gap Core loss (Max.)
Product code (nH/N?) I, approx.; |  100kHz, 200mT (Watt)
6H20 EE25/19Z 1,800 +25% {1,350~2,250) 1,710 0 0.97
AL value vs. gap length Ni vs. AL value
2 a
2
10 10?
7 .
; ,
4
N
z ~ NI\ 23°C
o o N
3 \ = 107 SO
g \\ z 100 C—S"h
- \\ &‘
< 2 ‘\\\
X 4
Ny {doic ) i
101 7"!"(:&~
10
7 7
\\ .
10 2 4 701 2 7 10 2 4 7 10 2
Total gap length (mm) Al value (nH/N?)
23C gL - zgigiiﬁg r(‘:/r:; ) NI shows the point where the exciting current is
= . ) 0, . .
100°C AL = 74.1XG™%71192 (nH/N?) 20% away from its extended linear part.
G = 266.3XAL "7 (mm)
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EE30/26K

23°C AL
G
100°C AL
G

Total gap length (mm)

178.0XG 08723 (nH/N?Y)
613.6XAL™"%%0 {mm)
181.4X G 08259 (nH/N?)
542.3XAL"1219%5 (mpm)

B

Al value (nH/N?)

NI shows the point where the exciting current is
20% away from its extended linear part.

EE CORE
| 3
+ 5 Magnetic Parameter
! " Core constant C, 0.52756 mm™!
, ) J Effective magnetic pass length ¢, 57.9 mm
19.5min, ! Effective cross sectional area A, 110 mm?
Effective core volume V, 6360 mm?
Center leg area A, 114 mm?
30.07% Minimum cross sectional area A, 107 mm?
(Side leg)
.‘."l‘f.l Winding area of core A, 75.8 mm?
%‘ B Approx. Weight 32.2 g/pair
| Sy .:. Unit: mm
' . AL Value- Effective permeability Air gap Core loss {(Max.}
Product code " (nH/N?) I, approx. 100kHz, 200mT (Watt)
6H20 EE30/26K 4,200 +25% (3,150~5,250) 1,760 0 32
AL value vs. gap length NI vs. AL value
2 4
2
103 103
7
7 N
N\ - 4 N
A N W
£, N 2 N2z
£ N\, 100°C \\
= E
3 I \\ s < 102 . 100°C %\
g 23C z, =R
2 2 S\ N E—
4 )
r : 2
10’
10
7 7
4
10~ 2 4 71 2 7 10 2 4 7 10 2
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EE30/30

EE COR
,|, 3 Magnetic Parameter :
l “ Core constant C, 11538 mm™
b ) Effective magnetic pass length £, 66.1 mm
19.5min. Effective cross sectional area A, 57.3 mm?
Effective core volume .» v, 3790 mm?
Center leg area A, 47.6 mm?
30.0:0% Minimum cross sectional area A, 47.6 mm?
(Center leg)
6.90°°" Winding area of core A, 134 mm?
L Approx. Weight 20.7 g/pair
2, 2
I sl %
< Unit: mm
AL Value Effective permeability Air gap Core loss (Max.)
Product code
{nH/N?) Th approx. 100kHz, 200mT (Watt)
6H20 EE30/30 1,900 £25% (1,425~2,375) 1,780 0 ' 19
AL value vs. gap length NI vs. AL value
2 4
2
100 10°
7
, .
4
= N,
Z NON
z° 2 i '
= = N\, 23°C
3 A < e N
2 z, T00C— P
3 .
< 2 .
{TC a N
23°C N\
N 2
10 N 3
D
10
7 \\ 7
4
107 2 4 7 1 2 7 10 2 a 7 10 2

Total gap length {(mm)

23C AL = 87.8XG™074930 (nH/N?)
G = 392.8XAL™'3457 (mm)
100°C AL = 89.6XG9770 (nH/N?)
G = 350.0XAL™"3029" (mm)

Al value (nH/N?)

NI shows the point where the exciting current is
20% away from its extended linear part.



EE40/34B V EE CORES

|
l . Iy
+ °: Magnetic Parameter
! = Core constant C, 0.54389 mm™' i
26.8mi ’ Effective magnetic pass length ¢, 77.5 mm
Smin. Effective cross sectional area A, 142 mm?
Effective core volume V. 11000 mm?3
Center leg area A, 137 mm?
40.0°% Minimum cross sectional area A, 137 mm?
{Center leg)
11719 Winding area of core A, 167 mm?
2] ] 1 Approx. Weight 52.0 g/pair
1 5_5 y a
e Unit: mm
» .. AlLValue S Effective permeability Air gap Core loss (Max.)
Product code_ e inhNg T " approx. 100kHz, 200mT (Watt)
6H20 EE40/348 4,200 +25% (3,150~5,250) 1,810 ) 5.5
[
AL value vs. gap length NI vs. AL value
2 4
2
10 10°
7
7
\ 4
N AN
g X RN
$ N : SRZ¢
z 100°¢ _ N
N = i\
2 3y < 5 N
_2 ’ \ - 10 4( Onn
3 23°¢ \ = 10076 ]
7 AN
T 2 NN
s N
10 . \
10
7 7
4
107 2 4 7 1 2 4 7 1¢ 2 4 7 10 2
‘Total gap length (mm) Al value (nH/N?)
23°C AL = 208.5XG98%9 (ni{/N?) | . h h - .
G = 786.4XAL1-24857 {mm) N ashows the p0|.nt where t el.excmng current i1s
100°C AL = 213.4XG282360 (nH/N?) 20% away from its extended linear part.

G = 673.1XAL™'?97 (mm)
51




EE40/34K
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EE CORE

Iy
5 Magnetic Parameter
i Core constant - C, 0.60782 mm™
27.4mmi Effective magnetic pass length 2, 77.4 mm
~ _Effective cross sectional area- A, 127 mm?
Effective core volume Vv, 9860 mm?®
0% Center leg area A, 114 mm?
400 Minimum cross sectional area A, 114 mm?
. (Center leg)
.M'_.{ Winding area of core A, 178 mm?
-5 - Approx. Weight 52.0 g/pair
3 3
y ":J Unit: mm
AL Value Effective permeability . Air ga Core loss (Max.)
Product code pe gap
| (nH/N?) Mo approx. 100kHz, 200mT (Watt)
6H20 EE40/34K 3,700 +25% (2,775~4,625) 1,810 0 5.0
AL value vs. gap length Nt vs. AL value
2 4
2
10° 10%
7 -
v
4
- N
€ ., 2 ANAN
N
:é \Y Q 23°C
N ks £ N
E \uo\. < NN
2 \ . = ,; 100°CIs s
é 2 23iC A . \:
N 4 N
2
107
10
7 7
4
10~ 4 7 01 7 10 2 4 7 2
Total gap length {mm) Al value (nH/N?%)
23°C AL = 179.0XG~07%467 (nH/N?) . - .
G = 683.8XAL~"2%9 (mm) N! shows the pO{nt where the.excmng current is
100°C AL = 182.9XG-081610 (nH/N2) 20% away from its extended linear part.
G = 591.8XAL"1253 (mm)



EE42/42-15W

53

Total gap length {(mm)

23C AL = 270.4XG0784% (qnH/N?)
G = 1255.0XAL™1274%3 (mm)
100°C AL = 278.6XG9813%2 (nH/N?
G = 1012.9XAL~'2221 (mm)

Al vaiue (nH/N?)

NI shows the point where the exciting current is
20% away from its extended linear part.

EE CORES
|
| 13 .
— 2 Magnetic Parameter
| ] ™ Core constant C, 0.54243 mm™
" Effective magnetic pass length £, 97.8 mm
29.5min. Effective cross sectional area A, 180 mm?
Effective core volume v, 17600 mm?
Center leg area A, 180 mm?
42.2'0% Minimum cross sectional area A, 180 mm?
, (Center leg) (Back area)
J2.00°% Winding area of core A, 276 mm?
3 1 Approx. Weight 87.0 g/pair
N 3
' 2y @
& Unit: mm
1
“ AL Value Effective permeability Air gap Core loss (Max.} .
Product code (nH/N?) 1, ‘| approx. 100kHz, 200mT (Watt)
6H20 EE42/42-15W| 4,300 +£25% (3,225~5,375) 1,850 0 8.8
AL value vs. gap length NI vs. AL value
2 4
2
10 N 10°
‘\ 7
7 \
NN 4 N
_ . AN
g 00°C N
T 4 2 § § \z 3°C
< 230 N = .
3 2 100°C NN
2 =
3 \ z 7 AN
2
\ 4 A\_-
\ N\
) « - . 2
10
10
7 7
4
10~ 2 4 701 2 7 10 2 4 7 10 2




EE42/42-20W

EE CORES
| ;
+ @ Magnetic Parameter
=23
l - Core constant C, 041512mm™
- Effective magnetic pass length £, 97.8 mm
29.5min. _ Effective cross sectional area A, 238 mm?
" Effective core volume V, 23000-mm?®
o Center leg area A, . 235mm?
- 2 Minimum cross sectional area A, 235 mm?
(Center leg){Back area) '
Jz'ﬂ".i Winding area of core A, 276 mm?
3 Approx. Weight 118 g/pair
. s 3
L g Unit: mm
“AL Value Effective permeébility Air gap Core loss (Max.)
Product code (nH/N?) By approx. .| 100kHz, 200mT (Watt) |
6H20 EE42/42-20W| 5,600 +25% (3,200~7,000) 1,850 0 11.5
AL value vs. gap length NI vs. AL value
2. 4
\
N\ 2
10’ \\ 10°
AN 7 ~
7 \\\ \\\‘\\\ -
\
NS [199°C 4 NSO )
< N NN, 23C
< Sad NN AN
X 4 23C 2 \
= A — 100°C
V] 3 = \i\
3 \ § 102 S
g z 4 AN
4 : AN\
g 2 R ‘k‘
4 ~
2
10
10
7 1 7
4
10- 2 4 7 2 710 2 4 7 10° 2

Total gap length (mm)

23°C AL = 3454xG-079672 (nH/N?)
G = 1534.8XAL""55 (mm)
100°C AL = 3557xG 9825318 (nH/N?3

G = 1232.6XAL 55 (mm)

Al value (nH/N?)

NI shows the point where the exciting current is
20% away from its extended linear part.
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EE50/42K

EE CORE
i
,,, ?3 Magnetic Parameter .
| “y Core constant C, 0.42677 mm™
) ! ) Effective magnetic pass length ¢, 96.3 mm
- 34.2min. Effective cross sectional area A, 226 mm?
Effective core volume v, 21700 mm?
Center leg area A, 213 mm?
500107 - Minimum cross sectional area A, 213 mm?
{Center -leg)
14.61940 ‘ Winding area of core A, 261 mm?
%_'n 1 5 Approx. Weight 113 g/pair
| a8l 5
~ Unit: mm
AL Value Effective permeability Air gap Core loss {Max.}
Product code (NH/N?) ™ approx. 100kHz, 200mT {(Watt)
6H20 EE50/42K 5,500 +25% (4,125~6,875) 1,850 0 10.9
AL value vs. gap length NI vs. AL value
2 4
2
10° 10°
7 N
7 R
3 4
- '\Xuzc“ A
g . an 2 N$23°C
=S 23°C \Q c ?%\
3 < 1 100°C NN
3 =
> z 7 S
< 2 — A
\ 4
[ ’ L 2
10
10
7 7
4
10 2 4 7 1 2 7 10 2 4 7 100 2

Total

gap length (mm)

23°C AL = 308.8XG%80547 (nH/N?)

G = 1233
100°C AL = 317

G = 1013
55

‘2xAL-L24150 (mm)

22X G839 (nH/N?)

SXAL™ 2 (mm)

Al value {nH/N?)

N! shows the point where the exciting current is
20% away from its extended linear part.




EES5/55A EE CORE
i -
3 + 7; Magnetic Parameter
| "y Core constant C, 0.34989 mm™'
* b Effective magnetic pass length £, 124 mm
37.5min. Effective cross sectional area A, 353 mm?
™ Effective core volume’ Vv, 43700 mm?
p Center leg area A, 352 mm?
; " 8.2 1 Minimum cross sectional area A, 352 mm? |
i (Center leg)
4 _17-0_‘“",| Winding area of core A, 400 mm?
3 1 1 Approx. Weight 218 g/pair
b 3
' "~ E Unit: mm
AL Value Effective permeability Airgap | . Cof'e loss {Max.) -: -
Product code (nH/N?) 'y approx. 100kHz, 200mT (Watt)
6H20 EE55/55A 6,700 +25% (5,025~8,375) 1,880 0 219
AL value vs. gap length NI vs. AL value
f 2 N 4
& \
10° AN 10° |
4 7 .
Y 7 r100°C
) . N
[ & i
E g , ) ANY
g V] _ NG
i - e NN
S ] < 2 N
4 3 N = 10° on'c
i 3 z ,
" -
3 T 2
; 4
: 2
10?
10
7 T - 7
4
107 2 4 7 1 2 4 7 10 2 4 7 10 2
Total gap length (mm) Al value (nH/N?)
23°C AL = 489.8XG7375 (nH/N?) NI shows the point where the exciting current is
G = 2449.5XAL™#3 (mm) 20% away from its extended linear part.
100°C AL = 507.1XG %8278 (nH/N?)

G = 1852.3XAL"'2™ (mm,)

~
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BOBBINS Ty

AB EE16/14K-1C6E

5.2 1 4 6.2

8.5
98

(HEVIRIE

© i N > Cy
| 62 l 6-90.6 ||

L
]

9 2
; T Boodo Phenol
. _Material : - 3
15 S . s SR UL94V-0
2308 : ‘Limit oeprating - -~ 150
: o L i .temperature (°C}) . . s
“;o Qg - “Window area T "
{ ~tel - . o (mm?) . 26.7
1 o Al — =
of|¢flo . _ “Average length . "
T ‘of turn ¥ = {mm) 32.6
l42 Y j
— Approx. weight 0.6
Unit: mm 7 ) (9)
' 19.2 22 ’
3.25 2 :
=, o l | ~ AB EE30/26K-110E
T { T [ — — . .
12.8 '® 14 «
: . ' ©

\ 30 Material UT_ZER?-IO
. 15,,3, 5 « e
' v g e Limit oeprating 1 50'
temperature (°C)
oljo ot|o _
= Window area 44.1
Nf o (mm?) '
|
A Average length
ST ofn—(mm) | %O
11.2 Approx. weight ' 4.4
19.2 Unit: mm (9)
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BOBBINS - | | | EE TYPE

v 26.7
428 2 o 28 AB EE40/34K-112E
o
= | | '
R 1 H
14.1] ! © 141 | @
= | 2
i I st . . RS .
N m.rg [JI l VI .o P ‘..
i w| .
5 l 12.40.8 ; ‘
25 | 225
Phenol
uL94v-0
150
RPNt o R SR )
.Window-area s/
sigasyermmy:| 1120
121 of turneiissy. R 76.0
267 : ‘Approx’weight =7 - v Lo
Unit: mm o (a)
T 332 | 35
5 475 3 M —
= 8 f - AB EE50/42K-112E
h 18 8; - ;. .
. 18.84
' 8w 3 |
~ K4
[LELTELTT AT 8 —
W:lI=1={==={= = J— I_LJ]]J
, [
U l u u —_
7.5' 12-91.0
375 . 275 ’
B rerial - 3 Phenol
. 50 S At uL94v-0
55 2 Ve . PP
Limit oeprating - -+ * 1850
| temperature (°C) ./
olUoljoljoljo o . .
s Window area -
3¢ ©
B T =2 ° Average length © -
= ofturn -~ (mm) 104.0
on;)J offofjopnmo . - N
" . s Approx. weight = 17.0
15.3 . : a) -
332
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TYPES TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

D2536, JANUARY 1983—REVISED SEPTEMBER 1983

-
Complete PWM Power Contral Clrcuitry TL493C...N ‘
Uncommitted Outputs for 200-mA Sink or oum.-qu—unz PACKAGE (TOP VIEW)
Source Current €RROR J NONINV INPUT[T1 L1 INONINV INPUT || CURRENT
AMP 1 INVINPUT2 15 JINV INPUT LIMIT AMP
Output Control Selocts Single-Ended or FEEDBACKE 3 1a[JREF OUT
Push-Pull Operation .. 4’ DEAD-TIME CONTROL{J«4  13[JOUTPUT CONTROL
oo + ©CrlJs 12[JVce
® Internal Circuitry Prohibits Double Pulse at arlls  nfjcz .
Either Output GnoJz  wo[dEe2 .
® Variable Dead-Time Provides Control Over . cille sll=
Total Range :
TL494M ... J

® Internal Regulator Provides a Stable 56-V
Reference Supply Trimmed to 1%

® Circuit Architecture Allows Easy
Synchronization

.

TL493 Has Output Current-Limit Sensing

TL495 Has On-Chip 39-V Zener and
External Control of Output Steering

description

The TL493, TL494, and TL495 each incorporate on

a single monoiithic chip all the functions required in

the construction of a pulse-width-modulation control

circuit. Designed primarily for power supply controi,

these devices offer the systems engineer the flexibility

to tailor the power supply control circuitry to his
. application.

The TL493 contains an error amplifier, current-limiting
amplifier, an an-chip adjustable oscillator, a dead-time
controi comparator, pulse-steering control flip-flop, a
S-volt, 1%-precision regulator, and output-control
circuits. .

The error amplifier exhibits a common-mode voitage
range from —0.3 voits to Vo — 2 volts. The current-
limit amplifier exhibits a common-moda voitage range
from 0.3 volts to 3 voits with an offset voltage of
approximately 80 millivolts in series with the inverting
input to ease circuit design requirements. The dead-
time control comparator has a fixed offset’that
provides approximately 5% dead time when externaily

TL494), TL4B4C ... JORN
DUAL-N-LINE PACKAGE (TOP VIEW)

Enhoa{nomnv INPUT [TNONINV INPUT | ERROR

AMP 1 INV INPUT FJINV INPUT AMP 2
FEEDBACK (REF OUT
DEAD-TIME CONTROL [TOUTPUT CONTROL
T vee
RT| 1c2

Ne2

Det =,

TL496C ... N
DUAL-IN-LINE PACKAGE {TOP VIEW)

£rroR J NONINV INPUT [J1 LJ18[INONINV INPUT | ERROR
AMP 1 "INV INPUT 2(JINV INPUT AMP 2

-~

Voltage Regulators .

2
reeosack[{s  1s[JREF OUT
DEAD-TIME CONTROL{Js  18{JVZ '
cr{ds 14JOUTPUT CONTROL
Ay(Je  13(]STEERING INPUT
ono(}?r  12{JVee
. cils nfjc2 .
-E1(]8 10 E2
DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES -
L

TL493 | TL494 | TL495

TL49-M}| * J .

TL49 -1 . JN .

TLA9-C| N JN N

*These combinations are not defined by this data sheet.

FUNCTION TABLE

alteredr The on-chip oscillator may ba byp d by

terminating Fl-r‘(pin 6) to the reference output and INPUTS

providing a sawtooth input to Ct (pin 5), or it may ouTPUT STEERING

be used to drive the common circuits in synchronous CONTROL WPUT OUTPUT FUNCTION

multiple-rail power supplies. {TL496 only}
VIs04V Open Single-ended or parallel cutput
Vi= 24V Open Narmal push-pull operation

) Viz24V ]| ViS04V PWM Output at Q1
Viz 24V Viz 24V PWM Output at Q2
Copyright © 1983 by Texas instrumants incorporated
Texas ) 6-107
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75288 o



TYPES TL493, TLA94, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

description {continued)

that overrides the internal control of the pulse-steering fiip-flop.

from 0°C to 70°C.

functional block diagram

|_ _Ta93 ONLY

T CORRENT-UMIT 1

NONINVERTING | AMPLIFIER ]
INPUT { ~0.08 V 1
INVERTING ]

et |
|

FEEDBACK

1

[r——m——e—a cm—— -
| assoNly | | s oL e
SEE FUNCTION TABLE)
| {SEE FUNCTION TABLE] | | l :
i | |
ar 1
OSCILLATOR | SRS S S SO PR |
cr A
DEAD-TIME CONTROL
.01V COMPARATOR
DEAD X c1
< TIME
() CONTROL
— ERROR AMPLIFIER P
[} PULSE-STEERING
(7<) "°"',ﬁ¥f,¢""° ——s FLIP-FLOP
o y 1 ’
INVERTING _
- INPUT v _
) ,r ERROR AMPLIFIER _} F——————n
«Q NONINVERTING _| I i 1T
c INPUT [ 2
Ty INVERTING ) | _ ] REFERENCE
- INPUT ] I REGULATOR
o L _TL494 AND TL488 _,
=
/]

|
|
]
]
!
|
|

L™

|
!
]
|
J
]
]
]

: The uncommitted output transistors provide either common-emitter or emitter-follower output capabllliy. Each device
| provides for push-pull or single-ended output operation, which may be selected through the output-control function.
The architecture of these devices prohibits the possibllity of either sutput being pulsed twice during push-pull cperation. -

The TL493 and TL494 are similar except that an additional error amplifier is includsd in the TL494 instead of a current-
limiting amplifier.. The TL496 provides the identical functions found In the TL484, In addition, it contains an on-chip
39-volt zener diode for high-voltage applications where VC( is greater than 40 volts. and an cutput-steering control

The TLA94M is characterized for operation over the full military temperature range from - 55°C to 125°C. The TL494}
is characterized for operation from — 25°C to 85°C. The TL493C, TL494C, and TL495C are characterized for operation

vee

VREF

GND

TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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_ TYPES TL493, TL494, TL4S5
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

absciute maximum ratings over operating free-air temperature range

TLAS3C .
TL4GaM TL494) TL4A94C UNIT
TL495C
Supply voltags, Ve {see Note 1) 41 47 | 41 v
Amplifier input voitages Vee+0.3 | Vee+0.3 | Vec+0.3 v’

- Collector cutput voitage 41 41 41 v
Coll output current 250 . . 280 260 mA
Continuous total dissipation at {or below) :
26°C free-air tamporature (ses Nots 2) 1000 1000 1000 . | mW
Operating free-air temp rangs "E6to 125 | —25 to 86 0 to 70 SC |

" Storage temperature fange ~G5to 160 [ ~6610 150] —66 t0 160 | °C |
Lead temperature 1,6 mm (1/18 inch) from case for 80 seconds: J package 300 300 300 °C
Lead tempersture 1,86 mm (1/16 inch) from case for 10 secends: N package 260 260 °C

2. For oparation sbove 28°C free-air refer to D

and TL494C chips are glass mounted.
.

DISSIPATION DERATING TABLE

NOTES: 1. All voltage values, axcept differential voltages, are with respect to the network ground terminal.
Derating Table. In tha J package, TL494M chips are alloy-mounted; TL434]

POWER DERATING ABOVE

. PACKAGE RATING FACTOR Ta »

* J {Alloy-Mounted Chip} 1000 mW | 11.0 mW/°C 89°C ‘o'

J (Glass-Mounted Chip) | 1000 mW | 8.2 mW/°C | 28°C -

N 1000 mw | 9.2mWr°C | s19C =

=

[=2]

<]

o

recommended operating conditions g

TL493C 8

TLA9AM TL4941 T484C WNIT! ‘S

TL495C >

MIN MAX MIN MAX MIN MAX
Supply voitage, Vee 7 40 7 40 40 v
Amplifier input voltages, V) -0.3 Vee-2 -03 Vee-2 -0.3 Vee-2 v
Collector output voltage, Vg 40 40 40 v
Collector output current {sach transistor) 200 200 200 mA
Current into feedback terminal 0.3 0.3 0.3 mA
Timing capacitor, CT 0.47 10000 0.47 - 10 000 047 10000 - | nF
- Timing resistor, Ry 1.8 500 1.8 500 1.8 500 k0
Oscillator frequency 1 300 1 300 300 kHz
Op g free-air temp . TA ~-58 125 -25 85 0 70 °C
Texas 6-109
INSTRUMENTS

POST OFFICE BOX 223012 ® DALLAS, TEXAS 75263
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TYPES TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vg = 16V, f = 10 kHz
{unless otherwise noted)

reference section -
TL493C
: TL484, TLA%4C
PARAMETER TEST CONDITIONS ! . Twem 1 unir
TL496C
MIN TYP? MAX | MIN TYP® MAX
Output voltage (V,ef) . Io=1mA . 4.75 5 65.26 | 4.75 5 626 | V
Input regulation ) Vog = 7Viwd0V ) 2 25 L 2 26 mv
Output regulation . ) 10 = 1t 10 mA 1 16 1 18 mV
Output voitage change ATA = MIN to MAX 02 1 02 1] %
with temperatuse
Short-circuit output current§| -, Vgt = 0 10 35 50 |. 35 mA
osclillator section (see Figure 1)
TL493C
TL424l, TL484C
PARAMETER TEST CONDITIONS ! TLasam UNIT
TL495C
MIN TYP! MAX [ MIN TYP! MAX
Frequency CT = 0.01 4F, RT = 12 k@2 10 10 kHz
Standard deviation bf fraq y§ | Allvalues of Voe, CT, AT, TA 10 10 %
Frequency change with voitag Ve = 7V1040V, Tp = 26°C 0.1 /0.1 %
Ct = 0.01 4F, AT = 12 kg,
Fi e ch 12
requency change with temperature ATA = MIN to MAX 12 %
amplifier sections (see Figure 2)
PARAMETER ) TEST CONDITIONS . MIN TYP! "MAX | UNIT
Error 2 10
Input offset voitage |current-limit Vo (pin3) = 2.5V 80 mv
{TL493 only)
Input offset current VO (pin3) = 2.5V 25 280 nA
Input bias current Vo (pin3) = 2.5V 0.2 1 A
-0.3
Error to
Common-mode input . M;c—z
voitage range Vec = 7Viwodav -0.3 v
. Current-fimit 0
{TL493 only) 3
Open-loo, . Error 70 95
-loop .
hd Current-limit Avg =3V, Vo =05VtedsVv dB |.
lificati 20
ampiication {TL493 only)
Unity-gain bandwidth . 800 kHz
o " Error 66 80
) - Currentlimit | Voo = 40V, Ta = 25°C d8
ction ratl 70
felection rato {TL493 ony)
Output sink current {pin 3) Vip= ~16mVto -5V, Vipin3) = 0.5V 03 0.7 mA
Output Source current {pin 3} Vip =15mVto5V, Vipin 3) = 3.6V -2 . mA
TFor conditions shown as MIN or MAX, use the approprista velus specified under ing conditi
$AD typical values except for with tey are at Tp = 25°C.
SDuration of the short-circuit should not exceed ane second.
1s deviation is a of the tribution about the mean as derived from the formula o =
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PULSE-WIDTH-MOD

TYPES TL493, TL494, TL495
ULATION CONTROL CIRCUITS

{unless otherwise noted)

alectrical characteristics over recommended operating free-air temperature range, VgC = 16 V, f = 10'kHz.

output section . ]
TL493C
TL494AM TL494), TL494C
PARAMETER TEST CONDITIONS UNIT
TL495C
. - MIN TYP? MAX | MIN TYPT MAX
Collector off-state current Veg = 40V, vee s 40V 2 100° 2 100 | .zA
Emitter oft-state current Vec = Ve = 40V, Vg = 0 —150 ~100 | @A
Cott i C emitter | Vg = 0, ic = 200 mA 1.1 1.5 1.1 1.3 v
d itage | Emitter-toll Ve =15V, Ig = ~200 mA 1.6 25 1.6 .28
Qutput control input current Vi = Vet 3.5 3.8 mA
dead-time control-section (see Figure 1}
PARAMETER TEST CONDITIONS MIN TYP' MAX-| UNIT
Input bias current (pin 4) V) =0t525V -2 =10 pA
Maximum duty cycle, each output Viipind4) = 0 45 %
. Zero duty cycle 3 3.3
Input threshoid voitage (pin 4) Maximum duty cyels 5 v
’
pwm comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT )
Input threshold voltage (pin 3) Zero duty cycle 4 4.5+ v ) Ef -
Input sink current (pin 3) Vipin 3) = 0.7V 03 0.7 mA o
steering control (TL495 only) ’ —g,
PARAMETER TEST CONDITIONS MIN MAX | UNIT -
Input current V=04V =200 A &
V=24V 200 o
. o
zener-diode circuit (TL495 only) [}
=
. PARAMETER TEST CONDITIONS MIN TYP' MAX | UNIT Q
W
ks Breakdown voltage Veg =41V, Iz = 2mA 39 \ >
Sink current Vitpin 16) = 1V 0.3 mA —
total device (ses Figure 1) E
PARAMETER TEST CONDITIONS MIN_TYPT MAX | unIT o
v Pin 6 at Vef. Vee = 18V 8 10 {.
: S re
J tandby supply current All other inputs and outputs opsn|Vce = 40V 9 15 mA
Averags supply current Vipin 4) =2V 7.5 mA
switching characteristics, T = 26°C
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Output voltage rise time C -emitter configuration, 100 200 ng
Output voltage fall time Ses Figure 3 25 100 ns
Output voltage rise time Emitter-follo figuration, 100 200 ns
|__Output voltage fall time See Figure 4 40 100 | ns

TAu typical values except for temperature coefficient are at T4 = 25°C.
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TYPES TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

DAVUIC IV UL] vouy o,y

Vee = 18V
2180 12150 0
32wgaw
Vee
—————{ DEAD-TIME ct OUTPUT 1
TEST €
INPUTS ), 4
e ——— FEEDBACK —
12.‘53 AT . c2 OUTPUT 2
AY
Lo o'llr I =
==0.01 4 . =
- 1+ STEERING (OPENS
(=) . CONTROL TL49S
14} AMPUFERS topen f ONLY
<L
= {=)
REF
ouUTPUT OUTRUT
50 K :E CONTROL
1 GND
=
TEST CIRCUIT
. ) -Vee
' VOLTAGE
ATCY
: -~--0
===c-Vee
VOLTAGE
AT C2
) ---0
VOLTAGE
AT Cy
DEAD-TIME THRESHOLD VOLTAGE - .
CONTROL 1
INPUT X
i
ov i :
! ! )
: : THRESHOLD VOLTAGE — —
. ! l
FEEDBACK | I H
1 | X
1 1 . ) .
LRAY - 3
' [t MAX - 0% o . F
DUTY
CYCLE O ~fun—a} ]
VOLTAGE WAVEFORMS !‘
FIGURE 1—OPERATIONAL TEST CIRCUIT AND WAVEFORMS
q
N
983 ]
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. TYPES TL493, Tl494 TLA95
PUlSE WIDTH-MODULATION CONTROL CIRCUITS

B

——————— . —

| circutT)

[P P

(EACH QUTPUT
cIRCUlT)

I (EACH OUTPUT

PARAMETER MEASUREMENT INFORMATION '

AMPLIFIER
UNDER TEST

FEEDBACK
TERMINAL

" Vret Omm———

OTHER
AMPLIFIER

FIGURE 2 — AMPLIFIER CHARACTERISTICS

CL =15pF
{includes probe and
jig capacitance)

TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM

FIGURE 3 COMMQN-EMITTER CONFIGURATION

16V

OUTPUT
> 68 0,
_________ J = ’
CL=15pF | zw
{includes :n'obe and
i g P

L

F

TEST CIRCUIT

OUTPUT VOLTAGE WAVEFORM

FIGURE 4 — EMITTER-FOLLOWER CONFIGURATION

m VAaltama Damedoascan
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