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SELECTION GUIDE

FAST RECTIFIER DIODES

Ultra fast (epitaxial) types
(25 to 100 ns)

IF(AV)max Outline VRRMmax (V) Page
(A) 50 100 150 200 300 400 500 600 700 800 1000
8  BYP21 TO-220AC 165
8  BYW29 TO-220AC 539
8  BYW29F SOT-186 549
9  BYV29 TO-220AC 317
9  BYV29F SOT-186 327
8  BYR29 T0-220AC 225
8  BYR29F SOT-186 235
10 BYP20" TO-220AB 157
10  BYQ27* SOT-82 185
10  BYQ28* TO-220AB 195
10 BYQ28F*  SOT-186 205
10  BYT28" TO-220AB 273
10  BYR28* TO-220AB 215
12 BYV32F*  SOT-186 363
14 BYV79 TO-220AC 451
14 BYW30 DO-4 559
14 BYT79 TO-220AC 283
14 BYV30 DO-4 337
14 BYR79 TO-220AC 263
14 BYR30 DO-4 245
20 BYP22" TO-220AB 175
20 BYV32* T0-220AB 353
20 BYV72F*  SOT-199 421
20  BYV74F SOT-199 441
20 BYV34* TO-220AB 373
20  BYR34* TO-220AB 253
28 BYW31 DO-4 S 4 567
28 BYV31 DO-4 345
30  BYva2* TO-220AB 383
30 BYV72* SOT-93 411
30  BYv4s* TO-220AB 393
30  BYv74* SOT-93 431
60  BYT230PI*  SOT-227A 293
60  BYT230PIV* SOT-227B 293
100  BYV54* SOT-227A 403
100  BYVS4V*  SOT-227B 403

*Dual rectifier diodes.
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SELECTION GUIDE

FAST RECTIFIER DIODES (Cont.)

Very fast types
(100 to 450 ns)
IF(AV)max Outline VRRMmax (V) Page
(A) 200 300 400 500 600 800 1000 1200
7 BY229 TO-220AC 93
7 BY229F SOT-186 105
8 BY329 TO-220AC 131
12 BYV24 DO-4 309
14 BYX30** DO-4 599
22 BYX46** DO-4 625
**With avalanche characteristics
RECTIFIER DIODES
General purpose types
TF(AV)max Outline VRRMmax (V) Page
(A) 300 600 1200 1600
6 BYX38 DO-4 609
6.5 BY249 TO-220AC 117
6.5 BY249F SOT-186 123
10 BYX98 DO-4 659
12 BYX42 DO-4 621
15 BYX99 DO-4 665
30 BY X96 DO-4 647
Avalanche types
IF(AV)max VRWMmax (V) Page
(A) 600 800 1000 1200 1400
9.5 BYX39 DO-4 615
20 BYX25 DO-4 591
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SELECTION GUIDE

SCHOTTKY RECTIFIER DIODES

IF(AV)max Outline VRRMmax (V) Page
(A) 35 40 45
75 PBYR735-745 T0-220AC 727
7.5 PBYR735F-745F SOT-186 733
10 BYV118* TO-220AB 469
10 BYV118F* SOT-186 479
10 PBYR635CT-645CT* SOT-82 717
10 PBYR1035-45 TO-220AC 737
10 PBYR 1035F-45F SOT-186 743
15 BYV120 DO-4 483
15 PBYR1535CT-45CT* TO-220AB 747
15 PBYR1535CTF-45CTF* SOT-186 753
16 PBYR1635-45 T0-220AC 757
16 PBYR1635F-45F SOT-186 763
20 BYV133* TO-220AB 499
20 BYV133F* SOT-186 509
20 BYV143F* SOT-186 529
20 PBYR2035CT-45CT* TO-220AB 767
20 PBYR2035CTF-45CTF * SOT-186 773
20 PBYR2535CTF-45CTF* SOT-186 783
30 BYV121 DO-4 491
30 BYV143* TO-220AB 519
30 PBYR2535CT-45CT* TO-220AB 777
30 PBYR3035PT-45PT* SOT-93 787
120 PBYR12035T-45T* SOT-227A 793
120 PBYR12035TV-46TV* SOT-227B 793
160 PBYR16035T-45T* SOT-227A 801
160 PBYR16035TV-45TV* SOT-2278 801
300 PBYR30035CT-45CT* T0-244 809
400 PBYR40035CT-45CT* TO-244 815

*Dual rectifier diodes.

BREAKOVER DIODES

ITSM max Outline  V(gO)nom (V) Page
(A) 65 100 120 140 160 180 200 220 240 260 280
40 BR210  TO-220AC 43
40 BR211 SOD-84 55
40 BR213*  TO-220AB 65
40 BR216*t TO-220AB 69
40 BR220* TO-220AB 81

*Monolithic dual breakover diodes.
*t Asymmetrical breakover diode.
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SELECTION GUIDE

REGULATOR DIODES (page 683)

Suppression Ptot max PRSM max
Regulated stand-off (regulator (suppressor
Type voltage voltage service) service)
BZY93—-C7V5(R) 75V 56V A A
C8V2(R) 8.2V 6.2V
C9V1(R) 9.1V 6.8V
C10(R) v 75V
C11(R) 1M1V 82V
C12(R) 12V 9.1V
C13(R) 13V Vv
C15(R) 15V 11V
"C16(R) 16V 12V
C18(R) 18V 13V
C20(R) 20V 15V
C22(R) 2V 116V
C24(R) 24V 18V 20w 700 W
C27(R) 27V 20V
C30(R) 30V 22V
C33(R) 33V 24V
C36(R) 36V 27V
C39(R) 39V 30V
C43(R) 43V 33V
C47(R) 47V 36V
C51(R) 51V 39V
C56(R) 56 V 43V
C62(R) 62V 47V
C68(R) 68 V 51V
C75(R) 75V 56 V y '
Outline: DO-4 Normal polarity (cathode to stud): no end-letter
Polarity: Both Reverse polarity (anode to stud): R
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SELECTION GUIDE

HIGH-VOLTAGE RECTIFIER STACKS

IF(AV)

VRwWM

Type No. max. max. Page Configuration
0SS9115-3A | 35A 45 kV 689 _ +
to—36A| (6 A in oil) to anode \" V) 7T cathode
0SS9215-3A | 5 A 697 l
to—36A| (20 A inoil) | 94kV - VRwM —|
0SB9115—4A | 7A 3 kV 689
to—36A| (12 A in oil) i "‘
to
0SB9215—4A | 10A 97 kY 697 v centre —tap
to—36A| (40 A in oil) -— RWM—>
OSM9115—4A | 35 A 3 kV 689
to—36A| (6 A in oil) to unode cathode
OSM9215—-4A| 5 A 697 tre—t
to—36A| (20 Ainoil) | 27kV <~—VRWM centre=tap
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INDEX

Type No. Page
BR210 series 43
BR211 series 55
BR213 series 65
BR216 69
BR220 series 81
BY229 series 93
BY229F series 105
BY 249 series 117
BY249F series 123
BY329 series 131
BY 359 series 143
BY359F—-1500 151
BYP20 series 157
BYP21 series 165
BYP22 series 175
BYQ27 series 185
BYQ28 series 195
BYQ28F series 205
BY R28 series 215
BYR29 series 225
BYR29F series 235
BYR30 series 245
BYR34 series 253
BYR79 series 263
BYT28 series 273
BYT79 series 283
BYT230PI(V)—200 to 400 293
BYT230PI(V)—600 to 800 301
BYT230PI(V)—1000 305
BYV24 series 309
BYV29 series 317
BYV29F series 327
BYV30 series 337
BYV31 series 345
BYV32 series 353
BYV32F series 363
BYV 34 series 373
BYV42 series 383
BYV44 series 393
BYV54(V) series 403
BYV72 series 411
BYV72F series 421
BYV74 series 431
BYV74F series 441
BYV79 series 451

Type No. Page
BYV92 series 461
BYV 118 series 469
BYV 118F series 479
BYV 120 series 483
BYV 121 series 491
BYV 133 series 499
BYV 133F series 509
BYV 143 series 519
BYV 143F series 529
BYW25 series 533
BYW29 series 539
BYW29F series 549
BYW23O0 series 559
BYW231 series 567
BYWO2 series 575
BYWO3 series 583
BYX25 series 591
BY X30 series 599
BY X38 series 609
BY X39 series 615
BY X42 series 621
BY X46 series 625
BY X52 series 637
BY X56 series 641
BY X96 series 647
BYX97 series 653
BY X98 series 659
BYX99 series 665
BZX70 series 671
BZY91 series 677
BZY93 series 683
0OSB/M/S9115 series 689
0OSB/M/S9215 series 697
OSB/M/S9415 series 705
OSM9510—12 713
PBYR635/40/45CT 717
PBYR735/40/45 727
PBYR735/40/45F 733
PBYR1035/40/45 737
PBYR1035/40/45F 743
PBYR1535/40/45CT 747
PBYR1535/40/45CTF 753
PBYR1635/40/45 757
PBYR1635/40/45F 763
PBYR2035/40/45CT 767
continued

\] ( August 1989
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INDEX

Type No. Page
PBYR2035/40/45CTF 773
PBYR2535/40/45CT 777
PBYR2535/40/45CTF 783
PBYR3035/40/45PT 787
PBYR12035/40/45T(V) 793
PBYR16035/40/45T(V) 801
PBYR30035/40/45CT 809
PBYR40035/40/45CT 815
56264a,b 824
56295a,b,c 825
56359b,c,d 826
56360a 827
56363 827
56364 827
56367 828
56368b,c 829
56369 828
56378 830
56379 830

14
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TYPE
DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE
FOR SEMICONDUCTOR DEVICES

This type designation code applies to discrete semiconductor devices — as opposed to integrated
circuits —, multiples of such devices and semiconductor chips.

"Although not all type numbers accord with the Pro Electron system, the following explanation is given
for the ones that do.”

A basic type number consists of:
TWO LETTERS FOLLOWED BY A SERIAL NUMBER

FIRST LETTER
The first letter gives information about the material used for the active part of the devices.

A. GERMANIUM or other material with band gap of 0,6 to 1,0 eV.

B. SILICON or other material with band gap of 1,0 to 1,3 eV.

C. GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more.
R. COMPOUND MATERIALS (e.g. Cadmium-Sulphide).

SECOND LETTER
The second letter indicates the function for which the device is primarily designed.

DIODE; signal, low power

DIODE; variable capacitance

TRANSISTOR; low power, audio frequency (Rih j-mb > 15 K/W)

TRANSISTOR; power, audio frequency (Rh j-mb < 15 K/W)

DIODE; tunnel

TRANSISTOR; low power, high frequency (Rth j-mb > 15 K/W)

MULTIPLE OF DISSIMILAR DEVICES — MISCELLANEOUS; e.g. oscillator
DIODE; magnetic sensitive

TRANSISTOR; power, high frequency (R¢p j-mb < 15 K/W)

PHOTO-COUPLER

RADIATION DETECTOR; e.g. high sensitivity phototransistor

RADIATION GENERATOR; e.g. light-emitting diode (LED)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Rth j.mb > 15 K/W)
TRANSISTOR; low power, switching (R j-mb > 15 K/W)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, power (Rthj-mb < 15 K/W)
TRANSISTOR; power, switching (Rth jmb < 15 K/W)

DIODE: multiplier, e.g. varactor, step recovery

DIODE; rectifying, booster

DIODE; voltage reference or regulator (transient suppressor diode, with third letter W)

NXXCHPIPOZrIOMIMOO®)>

| (August 1984
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TYPE
DESIGNATION

The remainder of the type number is a serial number indicating a particular design or development and
is in one of the following two groups:

(a) A serial number consisting of three figures from 100 to 999.

(b) A serial number consisting of one letter (Z, Y, X, W, etc.) followed by two figures.

RANGE NUMBERS

Where there is a range of variants of a basic type of rectifier diode, thyristor or voltage regulator diode
the type number as defined above is often used to identify the range; further letters and figures are added
after a hyphen to identify associated types within the range. These additions are as follows:

RECTIFIER DIODES, THYRISTORS AND TRIACS

A group of figures indicating the rated repetitive peak reverse voltage, VRR\, or the rated repetitive
peak off-state voltage, VpR M., Whichever value is lower, in volts for each type.

The final letter R is used to denote a reverse polarity version (stud-anode) where applicable. The normal
polarity version (stud cathode) has no special final letter.

REGULATOR DIODES

A first letter indicating the nominal percentage tolerance in the operating voltage V7.
A. 1% (according to IEC 63: series E96)

B. 2% (according to IEC 63: series E48)

C. 5% (according to IEC 63: series E24)
D
E

. 10% (according to 1EC 63: series E12)
20% (according to 1EC 63: series E6)

A group of figures indicating the typical operating voltage V2 for each type at the nominal operating
current |7 rating of the range.

The letter V is used to denote a decimal sign.
The final letter R is used to denote a reverse polarity version (stud anode) where applicable. The normal

polarity version (stud cathode) has no special final letter.

Examples:
BY X38-600 Silicon rectifier in the BY X38 range with 600 V maximum repetitive peak voltage,
normal polarity, stud connected to cathode.

BZY93-C7V5 Silicon voltage regulator diode in the BZY93 range with 7.5 V operating + 5%
tolerance, normal polarity, stud connected to cathode.

18
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RATING

RATING SYSTEMS

The rating systems described are those recommended by the International Electrotechnical Commission
(IEC) in its Publication 134.

DEFINITIONS OF TERMS USED
Electronic device. An electronic tube or valve, transistor or other semiconductor device.

Note
This definition excludes inductors, capacitors, resistors and similar components.

Characteristic. A characteristic is an inherent and measurable property of a device. Such a property
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed
as a value for stated or recognized conditions. A characteristic may also be a set of related values,
usually shown in graphical form.

Bogey electronic device. An electronic device whose characteristics have the published nominal values
for the type. A bogey electronic device for any particular application can be obtained by considering
only those characteristics which are directly related to the application.

Rating. A value which establishes either a limiting capability or a limiting condition for an electronic
device. It is determined for specified values of environment and operation, and may be stated in any
suitable terms.

Note
Limiting conditions may be either maxima or minima.

Rating system. The set of principies upon which ratings are estabiished and which determine their
interpretation.

Note

The rating system indicates the division of responsibility between the device manufacturer and the
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings.

ABSOLUTE MAXIMUM RATING SYSTEM (As used throughout this book)

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to
any electronic device of a specified type as defined by its published data, which should not be exceed-
ed under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking no responsibility for equipment variations, environmental variations, and the effects of changes
in operating conditions due to variations in the characteristics of the device under consideration and
of all other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum
value for the intended service is exceeded with any device under the worst probable operating con-
ditions with respect to supply voltage variation, equipment component variation, equipment control
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics
of the device under consideration and of all other electronic devices in the equipment.

\ (April 1984



RATING

DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to variations in the charac-
teristics of the electronic device under consideration.

The equipment manufacturer should design so that, initially and throughout life, no design maximum
value for the intended service is exceeded with a bogey device under the worst probable operating
conditions with respect to supply voltage variation, equipment component variation, variation in
characteristics of all other devices in the equipment, equipment control adjustment, load variation,
signal variation and environmental conditions.

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under normal conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device

in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.

The equipment manufacturer should design so that, initially, no design centre value for the intended
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply
voltage.

20
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Based on 1EC publication 148 J l LETTER SYMBOLS

LETTER SYMBOLS FOR RECTIFIER DIODES,
THYRISTORS, TRIACS AND BREAKOVER DIODES

LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS
Basic letters: — The basic letters to be used are:

I, i=current V, v = voltage P, p = power

Lower-case basic letters shall be used for the representation of instantaneous values which vary with
time. In all other instances upper-case letters shall be used.

Subscripts

amb Ambient

(AV), (av) Average value

(BO) Breakover

(BR) Breakdown

case Case

C Controllable

Dd Forward off-state 1), non-triggered (gate voltage or current)
F.f Forward 1), fall

G,g Gate terminal

H Holding

1,i Input

J,j Junction

L Latching

M,m Peak or crest value
min Minimum

0,0 Output, open circuit
(OV) Overload

Pp Puise

Q,q Turn-off

R,r As first subscript: reverse, rise

As second subscript: repetitive, recovery
(RMS), (rms) R.M.S. value

S,s As first subscript: storage, stray, series, source, switching
As second subscript: non-repetitive

stg Storage

Tt Forward on-state 1), triggered (gate voltage or current)

th Thermal

(TO) Threshold

tot Total

w Working

V4 Reference or regulator (i.e. zener)

For power rectifier diodes, thyristors and triacs, the terminals are not indicated in the subscript,
except for the gate-terminal of thyristors and triacs.

1) For the anode-cathode voltage of thyristors and triacs, F is replaced either by D or T, to distinguish

between ‘off-state’ (non-triggered) and ‘on-state’ (triggered).
| (June 1986 21



LETTER SYMBOLS

Example of the use of letter symbols

(VeIg)

VIBRIR Ve

ol

VRSM VRRM \I/RWM

%

il

—r T T \J

il

M1478

Simplified rectifier characteristic together with an anode-cathode
voltage as a function of time.

22 April 1984\ (



QUALITY CONFORMANCE AND RELIABILITY

In addition to 100% testing of all major device parameters in the production department, independently
controlled statistical sampling for conformance and reliability takes place using BS6001 ‘Sampling
Procedures and Tables’. BS6001 is consistent with MIL—STD—105D. DEF131A, 1S02859, CA—C—115.

The market demand for a continuously improving product quality is being met by the annual updating
of formal quality improvement plans.

The ‘Defect free’ and ‘Right first time’ concepts are applied regularly as part of an overall quality
programme covering all aspects of device quality from initital design to final production. These
concepts, together with the quality assurance requirements, embrace all the principles outlined in
DEF STAN 05—21, AQAP—1, and BS5750 Pt1.

CONFORMANCE

The Company actively promote a policy of customer cooperation to determine their quality problems
and future requirements. This cooperation is often in the form of a ‘ppm’ activity. The ‘ppm’ is a
measure of conformance of the outgoing product, and is expressed as the number of reject devices
found per million of products delivered (e.g. a process average of 0.01% = 100 ppm). Mutually agreed
ppm targets are set, and a programme of quality improvement work initiated.

In addition to the above, special inspection and/or test procedures are available, following consultation
with the customer and the agreement of a special specification.

RELIABILITY
‘Screening’, or ‘Burn-in’ procedures are also available, based on the requirements of CECC 50 000.

CECC 50 000 offers a choice of four screening sequences: ‘A’, ‘B, ‘C’, ‘D’. The Company's standard
‘Hi-rel’ procedure offers a combination of ‘C’ and ‘D’ sequences.

Sequence ‘C’
1. High temperature storage — 24 hours minimum.
2. Rapid change of temperature — as detailed in agreed specification.
3. Sealing — fine leak test.
—gross leak test.
4. Functional electrical characteristics — within group ‘A’ limits.

Sequence ‘D’
1. ‘Burn-in’ — high-voltage reverse bias, 48 hours duration. Conditions as specified in CECC 50 000.
2. Post ‘Burn-in’ measurements — functional electrical characteristics, within group ‘A’ limits.

Other ‘Hi-rel’, ‘Burn-in’, or ‘Screening’ procedures may be available on request.

| (May 1984

23






GENERAL
EXPLANATORY
NOTES

RECTIFIER DIODES

REVERSE RECOVERY

When a semiconductor rectifier diode has been conducting in the forward direction sufficiently long to
establish the steady state, there will be a charge due to minority carriers present. Before the device can
block in the reverse direction this charge must be extracted. This extraction takes the form of a transi-
ent reverse current and this, together with the reverse bias voltage results in additional power dissipation
which reduces the rectification efficiency. At sine-wave frequencies up to about 400 Hz these effects
can often be ignored, but at higher frequencies and for square waves the switching losses must be con-
sidered.

Stored charge

The area under the IR- time curve is known as the stored charge (Qg) and is normally quoted in micro-
or nanocoulombs. Low stored charge devices are preferred for fast switching applications.

Reverse recovery time

Another parameter which can be used to determine the speed of the rectifier is the reverse recovery
time (ty). This is measured from the instant the current passes through zero (from forward to reverse)
to the instant the current recovers to 10% of its peak reverse value. Low reverse recovery times are
associated with low stored charge devices.

The conditions which need to be specified are:

a. Steady-state forward current (lF); high currents increase recovery time.

b. Reverse bias voltage (VR); low reverse voltage increases recovery time.

c. Rate of fall of anode current (dig/dt); high rates of fall reduce recovery time, but increase stored
charge.

d. Junction temperature (Tj); high temperatures increase both recovery time and stored charge.

I
F I
d1f
dt
trr
v time
i
10%
dlr 100°/0
Qs dt 1
7270736 2
Ig

Fig. 1 Waveform showing the reverse recovery aspects.
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GENERAL

EXPLANATORY

NOTES

REVERSE RECOVERY (continued)

Softness of recovery

In many switching circuits it is not just the magnitude but the shape of the reverse recovery characteristic
that is important. If the positive-going edge of the characteristic has a fast rise time (as in a so-called
‘snap-off’ device) this edge may cause conducted or radiated r.f.i., or it may generate high voltages across
inductors which may be in series with the rectifier. The maximum slope of the reverse recovery current
(dIRr/dt) is quoted as a measure of the ‘softness’ of the characteristic. Low values are less liable to give
r.f.i. problems. The measurement conditions which need to be specified are as above. When stored charges
are very low, e.g. for epitaxial and Schottky-barrier rectifier diodes,this softness characteristic can be
ignored.

DOUBLE-DIFFUSED RECTIFIER DIODES

A single-diffused diode with a two layer p-n structure cannot combine a high forward current density with
a high reverse blocking voltage.

A way out of this dilemma is provided by the three layer double-diffused structure. A lightly doped silicon
layer, called the base, is sandwiched between highly doped diffused p* and n* outer layers giving a pt —pn*
or p* —nn* layer. Generally, the base gives the diode its high reverse voltage, and the two diffused regions
give the high forward current rating.

Although double-diffused diodes are highly efficient, a slight compromise is still necessary. Generally, for
a given silicon chip area, the thicker the base layer the higher the VR and the lower the Ig. Reverse
switching characteristics also determine the base design. Fast recovery diodes usually have n-type base
regions to give ‘soft’ recovery. Other diodes have the base type, n or p, chosen to meet their specific
requirements.

ULTRA FAST RECTIFIER DIODES

Ultra fast rectifier diodes, made by epitaxial technology, are intended for use in applications where low
conduction and switching losses are of paramount importance and relatively low reverse blocking voltage
(VRwm = 150 V) is required: e.g., switched-mode power supplies operating at frequencies of about 50 kHz.

The use of epitaxial technology means that there is very close control over the almost ideal diffusion
profile and base width giving very high carrier injection efficiencies leading to lower conduction losses than
conventional technology permits. The well defined diffusion profile also allows a tight control of stored
minority carriers in the base region, so that very fast turn-off times (35 ns) can be achieved. The range of
devices also has a soft reverse recovery and a low forward recovery voltage.

SCHOTTKY-BARRIER RECTIFIER DIODES

Schottky-barrier rectifiers find application in low-voltage switched-mode power supplies (e.g. 5 V output)
where they give an increase in efficiency due to the very low forward drop, and low switching losses.

Power Schottky diodes are made by a metal-semiconductor barrier process to minimise forward voltage
losses, and being majority carrier devices have no stored charge. They are therefore capable of operating at
extremely high speeds. Electrical performance in forward and reverse conduction is uniquely defined by the
device’s metal-semiconductor ‘barrier height’. We have a process to minimise forward voltage, whilst main-
taining reverse leakage current at full rated working voltage and Tj max at an acceptable level.

To obtain the maximum benefit from the use of Schottky devices it is reccommended that particular
attention be paid to the adequate suppression of voltage transients in practical circuit designs.

26
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GENERAL
Rectifier diodes EXPLANATORY
NOTES

SWITCHING LOSSES (see also Fig.3)

The product of transient reverse current and reverse bias voltage is a power dissipation, most of which
occurs during the fall time. In repetitive operation an average power can be calculated. This is then
added to the forward dissipation to give the total power. The peak value of transient reverse current is
known as IRgMm-

The conditions which need to be specified are:

a. Forward current (Ig); high currents increase switching losses.

b. Rate of fall of anode current (dlg/dt); high rates of fall increase switching losses. This is particularly
important in square-wave operation. Power losses in sine-wave operation for a given frequency are
considerably less due to the much lower dlg/dt.

. Frequency (f); high frequency means high losses.

. Reverse bias voltage (VR); high reverse bias means high losses.

e. Junction temperature (Tj); high temperature means high losses.

-t — .
1 time

Q0

y 1
_de T 10% 100%
d
' ——IRRM
'R
VF
“\\ ‘ time
\ .,
N4
Vg D8394

Fig.2 Waveforms showing the reverse switching losses aspects.
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GENERAL
EXPLANATORY
NOTES

SWITCHING LOSSES (continued)
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Fig. 3 Nomogram (example of reverse switching losses). Power loss APR(AV) due to switching only
(to be added to steady-state power losses). | = forward current just before switching off; Tj =150 ©C.
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FORWARD RECOVERY

At the instant a semiconductor rectifier diode is switched into forward conduction there are no
carriers present at the junction, hence the forward voltage drop may be instantaneously of a high value.
As the stored charge builds-up, conductivity modulation takes place and the forward voltage drop
rapidly falls to the steady-state value. The peak value of forward voltage drop is known as the forward
recovery voltage (V). The time from the instant the current reaches 10% of its steady-state value to
the time the forward voltage drop falls to within 10% of its final steady-state value is known as the
forward recovery time (tg).

The conditions which need to be specified are:

a. Forward current (I g); high currents give high recovery voltages.

b. Current pulse rise time (t;); short rise times give high recovery voltages.

c. Junction temperature (Tj); the influence of temperature is slight.

7267044.2

Ie
90%o
j10°/n
time
- tr -

-t —»

/N
~————— 1 Vg
1009/ 110%
) '

time

Fig. 4 Waveforms showing the forward recovery aspects.
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OPERATING NOTES

When there is a possibility that transients, due to the energy stored in the
transformer, will exceed the maximum permissible non-repetitive peak re-
verse voltage Ly, a damping circuit should be connected across the trans-
former.

Either a series RC circuit or a voltage dependent resistor may be used.
Suitable component values for an RCcircuit across the transformer primary
or secondary may be calculated as follows:

VRSM RC across primary RC across secondary
VRWM of transformer of transformer
C (uF) R () C (uF) R ()
Imag 150 ImagT? 200
I 225 ImagT? 275
—mag 280 mag- 202
1.5 400 ) C 450 v, G
2
I 260 ImagT 310
—mag 200 _mag_ 227
1.25 550 v, C 620 Vi C
I 300 1 T2 350
—mag 2 _mag_~ o0
1.0 800 v C 900 v, C
where Imag = magnetising primary r.m.s. current (A)
A\ = transformer primary r.m.s. voltage (V)
Vo = transformer secondary r.m.s. voltage (V)
T =V1/Va

VRsM = the transient voltage peak produced by the transformer
VRWM = the actually applied crest working reverse voltage

The capacitance values calculated from the above table are minimum values; to al-
low for circuit variations and component tolerances, larger values should be used.

1) For controlled avalanche types read: non-repetitive peak reverse power.
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BREAKOVER DIODES

GENERAL

Breakover diodes (BODs) are two-terminal devices that operate in either an off (non-conducting)

state or an on (conducting) state. A BOD will remain in the off-state until the maximum breakover

voltage is applied across its terminals. A BOD will then conduct with a low on-state voltage until the
current is reduced below the minimum holding current.

BODs are available as single or dual symmetric (operation in 1st and 3rd quadrants) and dual reverse = <—
conducting types in a TO-220 outline. BODs are graded according to breakover voltage.

BREAKOVER DIODE CHARACTERISTICS

|

current

) _b_'(BR)

voltage
e e

Fig.1 Breakover diode characteristics (1st quadrant).
The main characteristics are illustrated in Fig.1. These characteristics are:-

V(BO) breakover voltage, the maximum voltage appearing across the BOD before switching to the
on-state.

Vp stand-off voltage, maximum normal operating voltage.

ID off-state current, normally quoted at Vp.

V(BR) breakdown voltage, at which the BOD will commence avalanche breakdown.

I(BR) breakdown current, with V(gR) applied.

Is switching current, the avalanche current required to switch the BOD to the on-state.
IT on-state current.

VT on-state voltage, specified at a given I.

IH holding current, the minimum current at which the BOD will remain in the on-state.
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USE OF BREAKOVER DIODES

BODs are primarily designed to protect electronic equipment connected to transmission lines against
transient overvoltages. However, there are many uses for BODs as breakover switches.

In designing BOD circuits the following must be considered:-

Off-state conditions

Vp Must not be exceeded in normal off-state operation. In the off-state the BOD will not
pass more current than Ip.

dVp/dt The rate of rise of voltage must not exceed that quoted for the device. If this is exceeded,
the BOD may switch to on-state.

V(BR) Low voltage transients may be required not to switch the BOD to the on-state.

To ensure the BOD remains in the off-state the voltage must remain below the
minimumV(gR).f this is exceeded then clipping of the voltage or switching of the BOD

may occur.

Is If VgR is exceeded but the current limited to below Ig minimum, the BOD is prevented
from switching to the on-state.

Cj The off-state capacitance across the BOD. In transmission line protection applications this

will be across the termination of the line.
Switching conditions

V(BO) A transient voltage greater than V(gQg) maximum is required to switch the BOD. V(gp) may
be greater than the voltage across the BOD passing current Ig maximum.

Is To enable the BOD to switch to the on-state a current greater than Ig maximum is
required.
On-state conditions
VT The on-state voltage is quoted for a given IT.
IH To enable the BOD to switch to the off-state the current must fall below |4 minimum.
— ITsm ITsMm specifies the rate of increase and duration of a transient peak on-state current. The

waveshape is defined according to |IEC60-2, this definition is illustrated in Fig.2. The
waveform is referred to as T¢/To us waveform.
current

100% |- — — ITSm
90% |- ——

50% ——

30% -

l~T1-— time
T2

Fig.2 Definition of ITg\ waveform.
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Thermal conditions

Rth For extended on-state operation ( > 0.1ms) the steady-state thermal resistance should be
considered. The total thermal resistance to ambient sould be sufficiently low to dissipate the heat
generated by the device. For this type of application it is recommended that the BOD is mounted
on a heatsink.

Zip If the BOD is used only during transient overvoltages then the transient thermal impedance to
ambient should be considered. It may be sufficient to mount the BOD in free-air.
Mains contact

Fig.3 illustrates the operation of a BOD during one cycle of a mains contact fault. The BOD will
generate heat in avalache breakdown until the instantaneous current is greater than Ig maximum. When
this current is reached the BOD will switch and generate heat in the on-state.

voltage
A
g \V
\
/
- V(Bo) +RLx I
// \
a Ry x|
/7 N nLXH
/ \
V(BR)
\\ Shaded areas represent
\ main dissipation
\ R = total fault resistance
N N\ VT
time
M3242

Fig.3 Voltage across BOD during mains contact fault,

During avalanche a large amount of heat is generated. If the mains fault impedance is sufficiently

high the BOD will remain in avalanche breakdown until the mains voltage falls below V(BR) minimum.
Under this condition the junction temperature may be raised considerably.

Power dissipation curves are not published for BODs during avalanche breakdown. This is because
individual cases will vary greatly. However, in general if the fault impedance is about 500€2-5k 2

then there will be excessive dissipation due to the avalanche breakdown.

If mains contact faults are likely with impedances in the range quoted, the dissipation of the BOD
should be considered carefully.
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BREAKOVER DIODE SYMBOLS AND CHARACTERISTICS

current

|

lz l /”""/ voltage

(a) Symbol. (b) Characteristic.
Fig.4 Symmetric BOD.
current
voltage
(a) Symbol. (b) Characteristic.
Fig.5 Reverse-blocking BOD.
current
voltage
(a) Symbol. (b) Characteristic.

Fig.6 Reverse-conducting BOD.
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LOW-PROFILE TO-220 OUTLINES (SOT-226/SOD-94)

Low-profile versions of most devices assembled in either TO-220AB or TO-220AC are available.
These outlines are designated SOT-226 (low-profile TO-220AB) or SOD-94 (low-profile TO-220AB).
Devices assembled in these outlines have the same electrical ratings and characteristics as the
T0O-220 versions and are suitable for free-air mounting on circuit boards with limited clearance.

MECHANICAL DATA Dimensions in mm
10.3
max — ~—4.5 max
1.3— '—— 1.3
] mounting
= = base k 1
| ! | (see note) |
| 5 ! 11.0
L_l_J ] max
L — _L___ A N
3.5 max ] f
not tinned 5.1
-f— - — [ max |
13 ’l - ] ? 13.5
max ' min
(2x)
w3y v U
| —J|L—o.9 max (3x) -] L~0.6
— 1 | |24

2.54'254
' M3147

Fig.1 SOT-226, low-profile version of TO-220AB.

Net mass: 1.5 gram
Note: The exposed metal mounting base is directly connected to terminal 2.

W ( August 1988
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MECHANICAL DATA (Cont) Dimensions in mm
10.3
max — |=—4.5 max
1.3—= !— 1 3
[ ] mounting —=[]1"__|
+ i’ base :!\ f
I' . | (see note) : 110
Lo _L_2 1 max
l ~NT——
3.5 max . 5.1
not tinned )
-1— - - - — max 1
13.5 i
s ||~ f s
max !
(2x)
1 2 A U
—>l L—O 9 max (2x) - I——O 6
——I 5.08 |~— —| |—24
M3148
Fig.2 SOD-94, iow-profiie version of TO-220AC.

Net mass: 1.5 gram
Note: The exposed metal mounting base is directly connected to terminal 1.

DESIGNATION OF LOW-PROFILE DEVICES

Low-profile versions of devices types are identified by a /CR suffix added to the normal TO-220
device type code.

Example: To identify a BT151-650R in a low-profile outline.
This becomes the BT151-650R/CR in SOT-226.
The low-profile device type will have the same electrical ratings and characteristics as the TO-220 type.
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MOUNTING INSTRUCTIONS

1. The lead soldering instructions for low-profile devices are the same as TO-220 devices, for details
see data-sheet Mounting Instructions for TO-220 Envelopes.

2. Low-profile TO-220 outlines may be clip-mounted onto a heatsink using clips, part number 56363
(for direct mounting) or 56366 (for insulated mounting). Clip mounting is the same as TO-220
envelopes, for details see data-sheet Mounting Instructions for TO-220 Envelopes.

THERMAL RESISTANCE DATA

From junction to mounting base:
see TO-220 device type data.

Influence of mounting method:
1. Heatsink-mounted with clip
Thermal resistance from mounting base to heatsink

a. with heatsink compound Rth mb-h = 03 KW
b. with heatsink compound and 0.06 mm maximum mica insulator ~ Rth mb-h = 14 K/W
c. with heatsink compound and 0.1 mm max. mica insulator Rth mb-h = 22 KW
d. with heatsink compound and 0.25 mm max. alumina insulator Rth mb-h = 08 K/MW
e. without heatsink compound Rth mb-h = 14 K/W
2. Free-air operation

The quoted value of Ry j-a should be used only when no leads of other dissipating components run
to the same tie-point.

Thermal resistance from junction to ambient in free air:
mounted on a printed-circuit board at any lead length Rth j-a = 75 K/W
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BANDOLIER AND REEL SPECIFICATION
FOR SOD-84 OUTLINE

This specification concerns all axial-leaded diodes in this handbook.

The taped and reeled products fulfil the requirements of IEC 286-1: Tape packaging of components
with axial leads on continuous tapes.

Dimensions in mm

~—— 0,8 max
| "
| ___ 1 ]
b= ‘ f —==7
L - —— I = === S
_____ ‘ ===3
Eee | I R |
E——— ==
v 50+03
1,2 —F===< s‘&‘*-.}__::lL__——;_———___ Spp——
max* - - = = === A
- Lq > -l ———
- 53%15 > 6+0,5le 7273203.1A

Fig. 1 Configuration of bandolier.

The cumulative space (S) measured over ten spacings = 50 + 2; for 26 mm: 20 spacings (= 100 * 2).
The diodes are centred so that | L1 — Lo | < 1,2 mm.
A black marker is printed on the white tape of the bandolier every 50 diodes.

The axial taping specification described above is compatible with automatic insertion equipment as
manufactured by Universal, U.S.M. (Dynapert) and M.E.I. (Panasert).

Quantity per reel: 5000.
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Flat heatsink

Thermal resistance of flat heatsinks of 2 mm copper or 3 mm aluminium.
The graphs are valid for the combination of device and heatsink.

s =i

Studs: 10-32UNF
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10 TT TT p
TT T ratio between Lengt! ckened|N
Rthb-a HH and width : max 1.25 30 ]§
(°c/w) &
8 e
free convection
5 o
1T
¢ g i
§;: as HHAAT T llt/
E H 1 } 3 11 ﬁl/l
N H HHHH =
o
" i B P -ils..
T L i ]
LT ot
T = 72
TR :
2 T 1 12' T
Mt St
HH
0 18 H
0 20 40 60 80 100 120 7?0
Heatsink area (cm%;one side)
o TN T ey
P‘thh—a H- H'I'“n”” 'w" HHHHHHHHTT §
" 2 lll.lll IS EEEERNE] §
(°C/W) atio between lengthlH]
R - 1 nd width : max 1.25 (H
g i
] N : %
. 11 1
bzt =8 3¢,
6 S *
f 1
70, N
e ~ RN
=) geies i
4 SN 3 EEammnnasay
ey
T 7 ==
] | T s
t R 2 /s =
2 i{ 11 1T
y 11 ll.
(1]
0, ] 1 H
0 20 40 60 80 100 120 140

Heatsink area (cm?2; one side)

August 1972



” Flat heatsink

Thermal resistance of flat heatsinks of 2 mm copper or 3 mm aluminium.
The graphs are valid for the combination of device and heatsink.

~ & == i =
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BR210 SERIES

BREAKOVER DIODES

A range of glass-passivated bidirectional breakover diodes in the TO-220AC outline, available in a +/—
12% tolerance series of nominal breakover voltage. Their controlled breakover voltage and peak
current handling capability together with the high holding current make them suitable for transient
overvoltage protection in applications such as telephony equipment or other data transmission lines,
and remote instrumentation lines.

QUICK REFERENCE DATA

BR210—-100 to 280

Breakover voltage V(BO) nom. 100 to 280 \Y
Holding current IH > 150 mA
Transient peak current ITsm max. 40 A <

(10/320 us impulse)

MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AC

max ™ max [
| 37 |- 13—+
v
28 L
{ . —“* mounting
base —}-
T (see note)
I |
| |
! |
L J
' v
3.5 max 51
not tinned o max
! ’ } B35
13>l [= min K 2
max
(2x)
T" T2
I —>|I|<—0.9max(2x) »le06
-+ 508 | > - 2.4 M2582

T

Note: The exposed metal mounting base is directly connected to terminal T.
Accessories supplied on request: see data sheet Mounting instructions and accessories for TO-220

Net mass: 2 g

envelopes.
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BR210 SERIES

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages (either direction)
BR210-100 to 280
— Continuous voltages Vp max. 75% of nom.
voltage
— Currents
(in either direction)
Transient peak current (8/20 us impulse) ITsSM1 max. 150 A

Transient peak current (10/320 us impulse)
equivalent to 10/700 us 1.6 kV voltage

impulse (CCITT K17); (see Fig.4) ITsm2 max. 40 A
Average on-state current (averaged over

any 20 ms period); up to Ty = 75 °C IT(AV) max. 5 A
RMS AC on-state current IT(RMS) max. 8 A

Non-repetitive peak on-state current,
T;=100 OC prior to surge;

t = 10 ms; half sinewave ITsm3 max. 30 A
12t for fusing (t = 10 ms) 12t max. 45 AZs
Rate of rise of on-state current after

V(BO) turn-on (tp = 10 us) dl/dt max. 50 Alus

Power dissipation

Continuous dissipation;
unidirectional operation,

device mounted on infinite heatsink Piot max. 40 w
Peak dissipation; t= 1 ms,

free-air mounting PTm max. 400 w
Temperatures
Storage temperature Tstg —40 to +150 °c
Operating temperature (off-state) Ti max. 125 oc
Overload temperature (on-state) Tyj max. 150 oc
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BR210 SERIES

THERMAL RESISTANCE

From junction to ambient in free air

mounted on a printed circuit board

at any lead length Rth j-amb
From junction to mounting base

bidirectional operation Rth j-mb

unidirectional operation Rth j-mb
Transient thermal impedance (t = 1 ms) Zth j-mb

influence of mounting method

1.

Heatsink-mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.
b.

with heatsink compound Rth mb-h
with heatsink compound and 0.06 mm maximum
mica insulator Rth mb-h
with heatsink compound and 0.1 mm max.
mica insulator (56369) Rth mb-h
with heatsink compound and 0.25 mm max.
alumina insulator (56367) Rth mb-h
without heatsink compound Rth mb-h
st 3rd
quadrant quadrant
junction
1.2K/W 1.2K/W l
1.9K/W l
mounting [|]
base
Rth mb—h
heatsink
Rth h-a
ambient “M2686

Fig.2 Components of thermal resistance (junction to ambient).

60K/W
Rth j—a

0.3

1.4

2.2

0.8
1.4

K/W
K/W

K/W
K/W

K/W

K/W

K/W

K/W
K/W
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BR210 SERIES

CHARACTERISTICS
Tj=25 OC unless otherwise stated
Voltages and currents (in either direction)

On-state voltage (note 1)

ITmM=5A VTm
Avalanche voltage V(gR): {/(gR) = 10 mA), and
Breakover voltage V(BO): (I <lg):

(100 us pulsed)
BR210-100
—-120
—140
-160
—-240
—260
—280
Temperature coefficient of V(BR) S(br)
Holding current (note 2)
Tj =259°C Iy
Tj =70°C IH
Switching current (note 3) Is
(100 us pulsed) Is
Is
Off-state current; Vp = 85% V (BR)min (note 4)
Tj=70°C ID
Tj=125°C Ip
Linear rate of rise of off-state voltage
that will not trigger any device;
Tj=70°C; Vpm = 85% V(BR)min dVp/dt
Off-state capacitance
Vp=0;f=1kHzto 1 MHz Cj

—= Notes:

1. Measured under pulsed conditions to avoid excessive dissipation.
2. The minimum current at which the BOD will remain in the on-state.
3. The avalanche current required to switch the BOD to the on-state.

4. |.e., at maximum recommended continuous voltage.

AWAN

25

V(Bo)
max.
112
135
157
180
269
292
314

+0.1

150
100

10
200
1000

50
250

2000

300

<K<K <K<KLKKL

%/K

mA
mA

mA
mA
mA

uA
uA

V/us

pF
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BR210 SERIES

T'T

current

Vb
|

1st quadrant

V(BO)

_T‘IS
ILj‘l(BR)

'(BR)—¢ 'p

o

V(BO)

V(BR)

3rd quadrant

0—2kV
supply

Notes:

Vr

— I

voltage —»

M2459

Fig.3 Breakover diode characteristics.

discharge switch

150

)
-/
1L

G

|

] 502

—-—
-

:ﬁ’_‘:}T

250

high voltage
probe

device
0.-2uF @9 under test

to storage
oscilloscope

Pt

[ ————

10m&2
current
shunt

Fig.4 Test circuit for high voltage impulse (ITgp2)

d M3144

(according to CCITT vol IX-Rec. K17)

The 10/700 us Impulse Waveform is defined for the voltage across the test fixture when the device
under test is replaced with an open circuit. Clearly, once a breakover device has switched on to a low
voltage, the current waveform will have a shorter fall-time, since the 15 £ + 25 § output impedance
becomes effectively in parallel with the 50 2.
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BR210 SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit. The maximum permissible soldering
temperature is 275 9C. Heat must not be applied for more than 5 seconds. Soldered joints must be
at least 4.7 mm from the body of the device.

The leads must not be bent less than 2.4 mm from the body of the device and should be supported
during bending. The leads can be bent twisted or straightened by 90° maximum. The minimum
bending radius is 1 mm.

Any heatsink used must have a flatness in the mounting area of 0.02 mm maximum per 10 mm.
Mounting holes must be deburred.

For good thermal contact a metallic-oxide loaded heatsink compound must be used between the
mounting base and heatsink. Ordinary silicone grease is not recommended.

The preferred mounting method is with the use of a spring clip. This ensures good thermal contact
under the crystal area and safe isolation. However, if a screw is used, it should be M3 cross-recess
pan-head. Care should be taken to avoid damage to plastic body of the device during mounting.

Rivet mounting (only possible for non-insulated mounting).

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole. The maximum recommended hole size for rivet mounting is

3.5 mm. The pre-formed head of the rivet should be on the device side and any rivet tool used
should not damage the plastic body of the device.

OPERATING NOTES

1.

For most applications involving transient overvoltage protection only, the device is not normally
mounted on a heatsink. The free-air rating of the device is normally adequate for non-repetitive
transients.

Circuit connections to the T1 terminal should be made to the left-hand lead not the

mounting tab.

During a mains contact fault, excessive dissipation can occur with the device held in its avalanche
state. The following figures illustrate how power dissipation can be calculated during a mains
contact faulit. In generai, if the fauit resistance is about 500 — 5 k§2, there may be excessive
dissipation.

48
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Breakover diodes

MAINS CONTACT
Calculation of power dissipation during mains contact fault.

oL
T2 L
{.sin(wt) ~> ZV/ JBRr210 -—
Ti0
M2685

Fig.5 Equivalent circuit of BOD during mains contact fault;

Ry_ = total fault resistance. -—
M3069
Voltage
v Mains voltage
Ve N -
// N\ /
\\ V(Bo) + RLxIg //
/ \ /
! Ry x1I //
// LX7H /
/ \ /
N V(BR) /
\ \ ;
N\ / '
N N /
NN I W /

Time

Shaded areas represent Avalanche dissipation

main dissipation

/
/ On-state dissipation

Fig.6 Dissipation during mains contact fault.
Solid line shows voltage across BOD.
Total power generated = avalanche dissipation prior to switching
(per half-cycle) + on-state dissipation
+ avalanche dissipation after on-state.

) ( December 1988
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M3070

40

Irsm

(A)

30

20

10

1 10 102

Fig.7 Maximum permissible non-repetitive on-state current

based on sinusoidal currents (f =50 Hz; device triggered
at the start of each pulse). TJ- = 125 OC prior to surge.

103 No. of pulses

104

oA

VANV

103 M2469
—  Iysm
(A)
\\
102
~
.
s
I ~~—
e
10
10us 100us Tms
exponential pulse duration (time to 50% of peak)
Fig.8 Maximum non-repetitive exponential waveform Impulse Current rating as a
- function of pulse duration (virtual front-time 10 us).

10ms
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BR210 SERIES

30 T M3071
(A) 111 U
I 1
U
20 .
1
vy
/
T /
15 ’ ,
A
7/
! - 1fmax.
10 IV
L | |
/
1 v
5 vl I 1
A
I [4
I
0
0 1 2 3 4
VT(V)

Fig.9 On-state voltage as a function
of on-state current. (200 us pulsed
condition to avoid excessive dissipation)
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Fig.11 Switching current as a
function of junction temperature.
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Fig.10 Maximum off-state current
as a function of temperature.
103 M2473
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Fig.12 Minimum holding current
as a function of temperature.
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J
115 M2474
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v
0.90 Fig.13 Normalised avalanche breakdown
voltage as a function of temperature.
Note: this figure may also be used
0.85 to derive normalised V(g(Q)-
50 0 50 00 150
Tj(OC)
103 M3076
S
(pF)
\
~—
S —
— ~— BR210-100
\'\\ ~ -
T~ T —120
\\
T~ —280
—
10
1 10 102 Vp(V) 108

Fig.14 Typical junction capacitance as a function of off-state voltage; Tj =250C; f=1MHz.
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Breakover diodes

BR210 SERIES

M3074
102 T
Zth j—amb Z
Zth in free air
(K/W)
el
10
7 EREn
| 1 Zihj—mb
! LA
1 7
nat
A
101
10~2 |
104 10-3 102 10~1 1 10 time(s) 102

Fig.15 Transient thermal impedance as a function of time (rectangular pulse duration).
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

BR211 SERIES

BREAKOVER DIODES

A range of bidirectional diodes in hermetically sealed axial-leaded implosion-diode glass outlines with a
+/— 12% tolerance of breakover voltage. These devices feature controlled breakover voltage and high
holding current together with a good peak current handling capability. Typical applications include
transient overvoltage in telephony equipment, data transmission and remote instrumentation iines.

QUICK REFERENCE DATA

BR211-100 to 280

Breakover voltage V(BO) nom. 100 to 280 \
Holding current IH > 150 mA
Transient peak current
(10/320 ps impulse) ITsm max. 40 A
MECHANICAL DATA Dimensions in mm
Fig.1 SOD-84.
5
max
' 0,81
© 3 I
< 3,15, ] 28 4,3 t 28 l
max min max min M3102

Circuit symbol: ‘@—

Net mass: 0.35 g.

For packing details see data sheet Bandolier and reel specification for axial-leaded devices.

w ( July 1989
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BR211 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages
(in either direction)

Continuous voltages

Currents
(in either direction)

Transient peak current (10/320 us impulse)
equivalent to 10/700 us 1.6 kV voltage
impulse (CCITT K17); (see Fig.b)

Non-repetitive peak on-state current,
Tj =70 OC prior to surge;
t = 10 ms; half sinewave

12t for fusing (t = 10 ms)

Rate of rise of on-state current after
V(o) turn-on (tp = 10 us)

Power dissipation

Continuous dissipation;
unidirectional operation,
device mounted as Fig.3, Tamp = 25 °C

Peak dissipation; t= 1 ms,

free-air mounting, Tamp = 25 °C
Temperatures
Storage temperature
Operating temperature (off-state)
Overload temperature (on-state)

Vb

ITsm1

ITsm2
12t

dlt/dt

Ptot

PTm

Tstg
Tamb

max.

max.

max.

max.

max.

max.

max.

max.

max.

BR211-100 to 280
75% of nom.

voltage
40 A
15 A
1.1 AZs
50 Alus
1.2 w
50 w

—65 to +150 oC
70 ocC
150 oC

56
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Breakover diodes

BR211 SERIES

DEVELOPMENT DATA

THERMAL RESISTANCE

From junction to envelope Rth j-e =
From envelope to tie point
lead length = 5 mm Rth e-tp =
lead length = 10 mm Rth e-tp =
From envelope to ambient
lead length = 5 mm Rth e-a =
lead length = 10 mm Rth e-a =

Transient thermal impedance
t=1ms; Zthij-a =

Influence of mounting method

22

15
30

440
350

2.62

Device mounted on a 1.5 mm thick epoxy-glass pcb with a copper thickness = 40 um

1. Tie point to ambient thermal resistance

a. mounted as Fig.3 Rth tp-a = 70
b. mounted with 1 cm? copper laminate
per lead Rth tp-a = 55
c. mounted with 2.25 cm? copper laminate
per lead Rth tp-a = 45
2. Junction to ambient thermal resistance,
mounted as Fig.3 Rth j-a = 105
junction
Rthj-e
50—
[ 1«—25—»
L envelope | ' S —
Rine-tp ' i
tie-point% [] Rihe-a T+ 50
!
Riht p-a i v
T [y

! s

ambient 7272733

Fig.2 Components of thermal resistance.

Rth e-a (Rth e-tp * Rth tp-a)
Rth e-at Rth e-tp * Rth tp-a

Rthj-a= Rthje*

Notes: All figures quoted assume symmetrical lead lengths.

For further information see data sheet Thermal Model of Axial Leaded Devices.

K/W

K/W
K/W

K/W
K/W

K/W

K/W

K/W

K/W

K/W

Fig.3 Mounting on pcb used for Rt measurement.
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BR211 SERIES

CHARACTERISTICS

Tj=25 OC unless otherwise stated
Voltages and currents (in either direction)
On-state voltage (note 1)

V(BR)

min.

88
105
123
140
158
176
193
211

246
typ.

A2V VV

A

25

V(80)
max.
112
135
157
180
202
224
247
269
292
314

+0.1
150

100

10
200
1000

10

2000

100

KKK LKLKLKCKLKLK KL

%/K
mA

mA

mA
mA
mA

uA

V/us

pF

ITM=2A VTm
Avalanche voltage V(BR) “(BR) =10 mA), and
Breakover voltage V(gQ); (| <Ig):
(100 us pulsed)
BR211-100
—-120
—140
—160
—180
—-200
—-220
—-240
—260
—-280
Temperature coefficient of V(gR) S(br)
Holding current (note 2)
Tj =250C IH
T = 70°C IH
Switching current (note 3) Ig
(100 us pulsed) Is
Is
Off-state current; Vp = 85% V(BR)min (note 4)
T= 70°C D
Linear rate of rise of off-state voltage
that will not trigger any device;
T;=70°C; Vppm = 85% V(BR)min dVp/dt
Off-state capacitance
Vp=0;f=1kHzto 1 MHz Cj
Notes:
1. Measured under pulsed conditions to avoid excessive dissipation.
2. The minimum current at which the BOD will remain in the on-state.
3. The avalanche current required to switch the BOD to the on-state.
4. l.e., at maximum recommended continuous voltage. |lluminance < 500 lux (daylight); relative

humidity <65%.
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Breakover diodes

BR211 SERIES

DEVELOPMENT DATA

V:
I } T
T 1st quadrant
current
I V(B0)
.__1_. Is
V(BR)
Vp Ip, —(BR)
i
I(BR)-— D Vp voltage —»
V(BR)
V(80) i
3rd quadrant | |
VTI T M2459
Fig.4 Breakover diode characteristics.
discharge switch 150 25Q
X fo —_— ) 1——;ﬁ
[}
) gir%ruoltage
+
o QD = 204F ]509 o= 0-2uF @9 tndir test
to storage
" oscilloscope
10m$2
current
shunt

M3144

Fig.5 Test circuit for high voltage impulse (ITgp1)
(according to CCITT vol IX-Rec. K17)

Notes:

The 10/700 us Impulse Waveform is defined for the voltage across the test fixture when the device
under test is replaced with an open circuit. Clearly, once a breakover device has switched on to a low
voltage, the current waveform will have a shorter fall-time, since the 15 £ + 25 £ output impedance

becomes effectively in parallel with the 50 2.
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BR211 SERIES

MOUNTING INSTRUCTIONS

1. The device may be soldered directly onto a circuit board. The maximum permissible soldering
temperature is 300 °C. Heat must not be applied for more than 5 seconds. Soldered joints must
be at least 0.5 mm from the body of the device.

2. If the device is soldered in any way other than directly on a printed circuit board then heat must
not be applied for more than 3 seconds at a point at least 0.5 mm from the body. The maximum
permissible soldering temperature is 300 °C.

3. Avoid any force on the body or leads during or just after soldering. The position of an already
soldered device must not be corrected by pushing, pulling or twisting the body.

4. The leads may only be bent without supporting the leads if the bending radius is greater than
0.5 mm. The leads may be bent by 90° maximum. Axial forces on the body during bending,
twisting or straightening of the leads must not exceed 20 N.

5. For complete mounting instructions see data sheet Rules for Mounting and Soldering of
Axial-Leaded Devices.
Provided that the device is soldered and mounted correctly it can be flat-mounted with the body
in direct contact with hot spots or hot tracks during soldering. The device can also be mounted
upright with the body in direct contact with the printed circuit board provided that it is not in
contact with metal tracks or plated through holes.

OPERATING NOTES

1. For most applications involving transient overvoltage protection only the device will be adequately
rated. The rating of the device may be considerably reduced for repetitive transients.

2. During mains contact fault, excessive dissipation can occur with the device in its avalanche state.
The following figures illustrate how power dissipation can be calculated during a mains contact
fault. In general, if the fault resistance is about 500 2 — 5 k&2, there may be excessive dissipation.
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Breakover diodes

BR211 SERIES

DEVELOPMENT DATA

MAINS CONTACT

Calculation of power dissipation during mains contact fault.

Voltage

RL
T e
o
V.sin(wt) <~> ZZ BR211
Q
M3251

Fig.6 Equivalent circuit of BOD during mains contact fault;
R = total fault resistance.

l
s

M3069
v _ Mains voltage
7 A Ve
// \\ //
< Vigo) *RLx s /
/ \ /

/ /

/ /
] V(BR) . /

/
/
‘VT ' /

Y

Time

Shaded areas represent \7#

Avalanche dissipation
main dissipation

~ Y

\\ / On-state dissipation

Fig.7 Dissipation during mains contact fault.

Solid line shows voltage across BOD.
Total power generated = avalanche dissipation prior to switching
(per half-cycle) + on-state dissipation
+ avalanche dissipation after on-state.
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BR211 SERIES

M3243

20
I'Tsm2
(A) I
————— N~ ITsm2
15 V\ /N
\WARWL
10
Mo
™~
~
5 e
~
~-\
]
0
1 10 102 103 number of pulses 10%

( V(BR)(Tj)

V(rR)(25°C)

\ \ I /
1.05
1.00
0.95
0.90

Fig.8 Maximum permissible non-repetitive on-state current based on sinusoidal currents
(f = 50 Hz; device triggered at the start of each pulse). Tj = 70 OC prior to surge.

M3244

50 Tj(°C) 100

Fig.9 Normalized avalanche breakdown
voltage as a function of temperature.
Note: this figure may also be used

to derive normalized V (gQ).
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Breakover diodes

BR211 SERIES

DEVELOPMENT DATA

M3246

{ } 11
- Tj =25°C
20~ —— T;=150°C 7 -
It / 17
(A) / /17
L4 / ,
7
15 7 -
/ 7l
10 4 s ,/
L max.——
/ = VT -
/1
5 A 7} /
/ / y
/ /
/ / /
0
1 2 3 vrlv) 4

Fig.10 On-state voltage as a function
of on-state current. (200 us pulsed
condition to avoid excessive dissipation)

M3248

\\\\\
T~
103 max. =
Is
(mA) 1
T~ Lltyp
102 =
\\\\\
10
min. 1]
1
—50 0 50 100 150
Tj(°C)

Fig.12 Switching current as a
function of junction temperature.

M3247
104
Ip
(A)
1075 .
‘\"/,
4
&
/
/l
10-6 /
/
10~7
—50 0 50 100 150
Ti°C)

Fig.11 Maximum off-state current
as a function of temperature.

M3249

103
Iy [
(mA) N
™N
Ny
N .
102 Sl
10
1
—50 0 50 100 150

Ti°C)

Fig.13 Minimum holding current
as a function of temperature.
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BR211 SERIES
e
M3245
102 —
———
c: — ——BR211—100
. Tt
(pF —— -120
pF) \\\\\~
\
T~ 280
1
1 10 102 Vp(V) 103
Fig.14 Typical junction capacitance as a function of off-state voltage; T]' =250C; f=1MHz.
103 M3250
Zth il
(kW) [
102
10 S e
al //,
]
1 lll
10~1
1075 104 103 102 10~1 1 10 102 103
time(s)

Fig.15 Transient thermal impedance as a function of time (rectangular pulse duration).

Mounted as Fig.3.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

BR213 SERIES

DUAL BREAKOVER DIODES

A range of monolithic dual bidirectional breakover diodes with £12% tolerance of breakover voltage.
These diodes feature controlled voltage breakover across and between diodes with good peak current
handling capability. Typical applications include transient overvoltage protection across lines and
line to earth in telephony equipment, data transmission and remote instrumentation lines.

QUICK REFERENCE DATA

BR213 — 100 to 280

Breakover voltage per line V(BO) nom. 100 to 280 \Y
Holding current IH > 150 mA
Transient peak current ITsm max. 40 A
(10/320 us impulse)
MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AB
10.3 4.5
" max —~ > max |*
- 3.7 |- 1.3 <
' !
mounting
base
(see note)
' —L ¥
3.
s [T st
’ . sl max ‘ ]
13 ) 4 135 1 n ™
max™> | ™ min
(2x) 11
T‘| TZ ..J T3 J i M3143
’ —>H<—0.9 max (3x) > 14— 0.6
— Fe - 2.4 M2480
2.54 254 -
Net mass: 2 g

Note: The exposed metal mounting base is directly connected to terminal T5.
Accessories supplied on request: see data sheet Mounting instructions and accessories for TO-220

envelopes.
1 ( June 1988
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BR213 SERIES

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages (either direction, between any two leads)
BR213 — 100 to 280
Continuous voltages Vp max.75% of nom.
voltage
Currents
(Individually for each line to centre lead in either direction)
Transient peak current (8/20 us impulse) ITsM1 max. 150

Transient peak current (10/320 us impulse)
equivalent to 10/700 us 1.6 kV voltage

impulse (CCITT K17); (see Fig.3) ITsm2 max. 40
Average on-state current (averaged over

any 20 ms period); up to Ty, =75 °C IT(AV) max. 5
RMS AC on-state current IT(RMS) max. 8

Non-repetitive peak on-state current;

T; = 100 ©C prior to surge;

t = 10 ms; half sinewave ITsm3 max. 30
12t for fusing (t = 10 ms) 12t max. 4.5

Rate of rise of on-state current after
V(B0) turn-on (tp = 10 us) di/dt max. 50

Power dissipation

Continuous dissipation;
one line dissipating,
unidirectional operation,

device mounted on infinite heatsink Ptot max. 40
Peak dissipation; t= 1 ms,

free-air mounting PTm max. 400
Temperatures
Storage temperature Tstg —40 to +150
Operating temperature (off-state) Ti max. 125
Overload temperature (on-state) Tyj max. 150

AZs

Alus

<.

oC
oC
oc
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Dual breakover diodes

BR213 SERIES

DEVELOPMENT DATA

CHARACTERISTICS
Tj=25 OC unless otherwise stated
Each line to centre lead and between lines

Avalanche voltage V(gR): (I(BR) = 10mA), and
Breakover voltage V(gQ); (I < Ig):
(100 us pulsed)

BR213 —100
-120
—-140
-160
—240
—260
—280

Temperature coefficient of V(gR)
Off-state current; Vp = 85% V(BR)min (note 4)
Tj=70 oC
Tj=125 oC
Linear rate of rise of off-state voltage
that will not trigger any device;
Tj=70°C; Vpm = 85% V(BR)min
Off-state capacitance
Vp=0;f=1kHz to 1 MHz
Each line to centre lead only
Voltages and currents (in either direction)
On-state voltage (note 1)
ITM=5A
Holding current (note 2)
Tj=25 oC
Tj =700°C
Switching current (note 3)
(100 us pulsed)

Notes:

V(BR)
min.
88
105
123
140
211
228
246

S(br)

Ip

dVp/dt

1. Measured under pulsed conditions to avoid excessive dissipation.
2. The minimum current at which the BOD will remain in the on-state.
3. The avalanche current required to switch the BOD to the on-state.

4. | e., at maximum recommended continuous voltage.

V(BO)
V(&O) max.
max. (line-line)
112 125 \/
135 150 \Y
157 175 \%
180 200 \Y
269 300 \%
292 325 \
314 350 \Y
typ. +0.1 %/K
< 50 HA
< 250 MA
< 2000 V/us
< 300 pF
< 2.5 V
> 150 mA
> 100 mA
> 10 mA
typ. 200 mA
< 1000 mA

1 ( August 1989
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BR213 SERIES

IT '
1st quadrant

current

_-'_IS
\Y l

lBR— ' Vp voltage —3»

-

VBo IH

3rd quadrant

|
VTI T M2459

Fig.2 Breakover diode characteristics.

discharge switch 156 250
high voltage
¢ probe
Y -l
0—-2kV - device
supply () o 20uF [] 50 = 69 under test
to storage
b ¢ oscilloscope
10m$2
current
shunt
> M3144

Fig.3 Test circuit for high voltage impulse (ITgp2)
(according to CCITT vol IX-Rec. K17).

Notes:

The 10/700 us Impulse Waveform is defined for the voltage across the test fixture when the device
under test is replaced with an open circuit. Clearly, once a breakover device has switched on to a low
voltage, the current waveform will have a shorter fall-time, since the 15 £ + 25  output impedance
becomes effectively in parallel with the 50 Q.
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BR216

DUAL ASYMMETRICAL BREAKOVER DIODE

The BR216 is a monolithic dual asymmetrical 65 V breakover diode in the TO-220AB outline.

Each half of the device conducts normally in one direction, but in the other direction it acts as a
breakover diode.

The controlled breakover voltage and peak current handling capability together with high holding
current make it suitable for two-line to earth transient overvoltage protection in applications such as
telephony equipment and remote instrumentation lines.

QUICK REFERENCE DATA

Breakover voltage per line V(BO) < 78 Vv
Breakdown voltage per line V(BR) > 58 \%
Holding current IH > 150 mA
Transient peak current ITsm max. 40 A

(10/320 us impulse)

MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AB; centre lead connected to tab.

103 4.5

max > max [
-+ 3.7 |- ' 13—+
| N 28 -
N\ s mounting ___[
- base
I’ T | (see note)
! |
| |
Ll 3
' L
3.5 max 51
not tinned ) max
’1_3 ’ } 135 T T3
max ™ | [* min
(2x) v l
Ty [1%2[/|T3 T2
! H M2853
»!|le-09max (3x) »| <06
—J + e - le24 w2
254 254

Net mass: 2 g
Note: The exposed metal mounting base is directly connected to terminal To.
Accessories supplied on request: see data sheet Mounting instructions and accessories for TO-220

envelopes.
I (December 1988
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BR216

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages
Continuous off-state voltage

Currents
Transient peak current (8/20 us impulse)

Transient peak current (10/320 us impulse)
equivalent to 10/700 us 1.6 kV voltage

impulse (CCITT K17)
Average on-state current

Average forward current (averaged over
any 20 ms period); up to Tyyp=75 oc

RMS AC on-state current

Non-repetitive peak current;
Tj =100 OC prior to surge;
t = 10 ms; half sinewave

12t for fusing (t = 10 ms)

Rate of rise of on-state current after
V(BQ) turn-on (tp = 10 us)

Power dissipation

Continuous dissipation;
one line dissipating,
unidirectional operation,
device mounted on infinite heatsink

Peak dissipation; t= 1 ms,
free-air mounting

Temperatures
Storage temperature
Operating temperature (off-state)

Overload temperature (on-state)

Vp
ITsm1/lEsm1
ITsm2/ Fsm2
IT(AV)
IF(AV)

IT(RMS)

ITsm3/!Fsm3
12t

di/dt

Ptot

PTm

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

50

150

40

40

50

35

110

—40 to +150

max.
max.

125
150

AZs

Alus

oc
oc
oc
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Dual asymmetrical breakover diode

BR216

THERMAL RESISTANCE

From junction to ambient in free air
mounted on a printed circuit board
at any lead length

From junction to mounting base

One line conducting
bidirectional operation
unidirectional operation

Both lines conducting
bidirectional operation

Transient thermal impedance (t = 1 ms)

Influence of mounting method

1. Heatsink-mounted with clip (see mounting instructions)
Thermal resistance from mounting base to heatsink

a. with heatsink compound

b. with heatsink compound and 0.06 mm maximum
mica insulator

c. with heatsink compound and 0.1 mm max.
mica insulator (56369)

d. with heatsink compound and 0.25 mm max.
alumina insulator (566367)

e. without heatsink compound

left half
1st 3rd 1st
quadrant quadrant quadrant
? ? junctions ?

1.6K/W

Rth j-amb

Rth j-mb
Rth j-mb

Rth j-mb
Zth j-mb

Rth mb-h
Rth mb-h
Rth mb-h

Rth mb-h
Rth mb-h

right half

3rd

quadrant

I

mounting o J
base ’L
I

1

heatsink O—

f:mbient

Fig.2 Components of thermal resistance (junction to ambient).

= 60 K/wW
= 2.7 K/W
= 35 K/W
= 1.85 K/W
= 0.9 K/W
= 0.3 K/W
= 1.4 K/W
= 2.2 K/W
= 0.8 K/W
= 1.4 K/W
60K/W
Rthj—a
M3227

1 ( December 1988
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BR216

CHARACTERISTICS

Tj = 25 OC unless otherwise stated; each line to centre lead.

On-state voltage (note 1)
ITmM=56A
Forward voltage (note 1)
IEM=5A
Avalanche voltage
I(BR) = 10 mA
Breakover voltage
100 us pulsed; | = Ig
Temperature coefficient of V(gR)
Holding current (note 2)
Tj=25°C
T;j=70°C
Switching current (note 3)

Off-state current; Vp = 50 V (note 4)
Tj=70°C
Tj=125°C

Linear rate of rise of off-state voltage
that will not trigger any device;
Tj=70°C;Vpym =50V

Off-state capacitance
Vp=0; f=1kHz to 1 MHz

Forward recovery of diode when switched

to Ig = 1A with dIg/dt =10 A/us

Notes:

1. Measured under pulsed conditions to avoid excessive dissipation.
2. The minimum current at which the BOD will remain in the on-state.
3. The avalanche current required to switch the BOD to the on-state.

VM

VEM

4, i.e., at maximum recommended continuous voltage.

typ.

A2V VV

AN

typ.

3.0

3.0

58

78
+0.1

150

100

10
400
1000

50
250

2000

500

2.2

%/K
mA

mA

mA
mA
mA

MA

V/us

pF
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Dual asymmetrical breakover diode BR216

vt
T — T, positive w.r.t.
either Ty or T3
current
Ly V(go)
—ﬂ_ Is
'n — V(BRI
Vp voltage —p>
Ty negative
e
VF mM2854
Fig.3 Breakover diode characteristics.
discharge switch 1502 250
———\ 0————0—(___'}-—1»—{:)—
high voltage
probe
: L
0—2kV - device
supply <> o 20uF ]509 -_— 0.2uF under test

to storage
oscilloscope

10mS§2
current
shunt

d M3228

Fig.4 Test circuit for high-voltage impulse (ITspm2/! Fsm2)-
(according to CCITT vol IX-Rec. K17).
Notes:
The 10/700 us Impulse Waveform is defined for the voltage across the test fixture when the device
under test is replaced with an open circuit. Clearly, once a breakover device has switched on to a low
voltage, the current waveform will have a shorter fall-time, since the 15 £ + 25 £ output impedance

becomes effectively in parallel with the 50 §2. .
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BR216

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit. The maximum permissible soldering
temperature is 275 °C. Heat must not be applied for more than 5 seconds. Soldered joints must be
at least 4.7 mm from the body of the device.

The leads must not be bent less than 2.4 mm from the body of the device and should be supported
during bending. The leads can be bent twisted or straightened by 90° maximum. The minimum
bending radius is 1T mm.

Any heatsink used must have a flatness in the mounting area of 0.02 mm maximum per 10 mm.
Mounting holes must be deburred.

For good thermal contact a metallic-oxide loaded heatsink compound must be used between the
mounting base and heatsink. Ordinary silicone grease is not recommended.

The preferred mounting method is with the use of a spring clip. This ensures good thermal contact
under the crystal area and safe isolation. However, if a screw is used, it should be M3 cross-recess
pan-head. Care should be taken to avoid damage to plastic body of the device during mounting.

Rivet mounting (only possible for non-insulated mounting)

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole. The maximum recommended hole size for rivet mounting is

3.5 mm. The pre-formed head of the rivet should be on the device side and any rivet tool used
should not damage the plastic body of the device.

OPERATING NOTES

1.

For most applications involving transient overvoltage protection only, the device is not normally
mounted on a heatsink. The free-air rating of the device is normally adequate for non-repetitive
transients.

Circuit connections to the common (T2) terminal should be made to the centre lead not the
mounting tab.

During a mains contact fault, excessive dissipation can occur with the device held in its avalanche
state. The following figures illustrate how power dissipation can be calculated during a mains
contact fault. In general, if the fault resistance is about 500 — 5 k§2, there may be excessive
dissipation.

74
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Dual asymmetrical breakover diode

BR216
MAINS CONTACT
Calculation of power dissipation during mains contact fault.
RL
| S o
T2
\A/.sin(mt)C~> BR216
Tq N.C.
T3
M3230
Fig.5 Equivalent circuit of BOD during mains contact fault;
R = total fault resistance.
M3229
Voltage
A Mains voltage
Vv —~
Ve N e
/ AN /
—V(BO)+ RL X Ig //
/ \
/ \ //
/
7 l\\ R L X IH /
,/ \ /
V(BR) )
/
\ % ,
N /
. N VT /
SN ya LLLLLLL L Nllodododindndidaddmdandidanddnddndndtdondondondndendl
V \ 7 VF Time
Avalanche dissipation ‘\ /
/
\
On-state dissipation \ //
\\ / Shaded areas represent
\ / main dissipation
\ /
\
\ //
\ y
\ ,
\ /

Fig.6 Dissipation during mains contact fault.
Solid line shows voltage across BOD.

Total power generated = avalanche dissipation prior to switching
(per half-cycle) + on-state dissipation

+ avalanche dissipation after on-state.
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BR216

M3234
40

Itsm/ i

Irsm
(A)

30

20

10

1 10 102 103 No.of pulses 104

Fig.7 Maximum permissible non-repetitive on-state current
based on sinusoidal currents (f = 50 Hz; device triggered
at the start of each pulse). Tj =125 ©C prior to surge.

103 M2469
Itsm
(A)
\\
102
~
N
e
N
N\
.—'f""-—..‘
10
10us 100us Tms 10ms

exponential pulse duration (time to 50% of peak)

Fig.8 Maximum non-repetitive exponential waveform Impulse Current rating as a
function of pulse duration (virtual front-time 10 us).
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Dual asymmetrical breakover diode

BR216

30 ; M3071
IT/1g /
(A) i 7
25 I
/
/ ]
20 -
’ —d
typ.
VT/VE
15 ; L
ki
7
/ / max.
10 A=A VT/VE
Li
I ]/
5 ¥ |
/ d
[
0
0 1 2 3 4
VT
Fig.9 On-state voltage (V) and forward
voltage (V) versus current. (200 us pulsed
condition to avoid excessive dissipation)
—Tj=25-——-Tj=125°C.
M3072
3 T
10 —
max. 17
-
Is
(mA) T~
T~ Le
102 ==
1o .
min. ]
~
1
—50 0 50 100 150
Tj(°C)

Fig.11 Switching current as a
function of junction temperature

10-3 M2471
Ip
(A)
/
//
104 /
7
10-—5 1/
ya
y4
4
10-6
—50 0 50 100 150
Tj(OC)

103

(mA)

102

1

Fig.10 Maximum off-state current
as a function of temperature.

M2473
1
N
N
N ]
NNZr)
ey
—-50 0 50 100 150
Tj(OC)

Fig.12 Minimum holding current
as a function of temperature.
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BR216

M2474

1.15

VigR) (T}

A

V(BR)(25°C)

1.05

1.00

095 T/

0.90

0.85
-50 0

50

00 150
Tj(oC)

M3231

(pF)

103

10

1

10

Vp(V)

102

Fig. 13 Normalised avalanche breakdown
voltage as a function of temperature.
Note: this figure may also be used

to derive normalised V(gQ)-

Fig. 14 Typical junction capacitance as a function of off-state voltage; Tj =250C; f= 1 MHz.
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Dual asymmetrical breakover diode BR21 6

102 1 1 T 1T 1T I1TIY M3240
R
. :
Zth j—amb
(KZ/tvr&) in fr{ae air
A
10 A
z fimana
= th j—mb 1T
L
//"‘
1 ™
10!
102
10—4 10-3 102 10~1 1 10 time(s) 102

Fig.15 Transient thermal impedance as a function of time (rectangular pulse duration).
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BR220 SERIES

DUAL BREAKOVER DIODES

The BR220 is a range of monolithic diffusion-isolated glass-passivated dual bidirectional breakover
diodes in the TO-220AB outline, available in a +/— 12% tolerance series of nominal breakover voltage.
Their controlled breakover voltage and peak current handling capability together with high holding
current make them suitable for transient two-line to earth overvoltage protection in applications such
as telephony equipment or other data transmission lines, and remote instrumentation lines.

QUICK REFERENCE DATA

BR220— 100 to 280

Breakover voltage per line V(BO) nom. 100 to 280 \%
Holding current IH > 150 mA
Transient peak current ITsm max. 40 A e
(10/320 us impulse)
MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AB; centre lead connected to tab.
10.3 4.5
*~ max —~ | max [*
13—+

|

3.5 max
not tinned

b

max"

(2x)

T

—»’ --—

254 254

T

Net mass: 2 g

51

max

*

Il
| »H<—0.9 max (3x)

13.5
min

|

mounting
base
(see note)

L Ts
< 0.6
-2.4

M2480

Note: The exposed metal mounting base is directly connected to terminal To.
Accessories supplied on request: see data sheet Mounting instructions and accessories for TO-220

envelopes.

T3

M2458

I (December 1988
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BR220 SERIES

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages (Individually for each line in either direction)
BR220-100 to 280
— Continuous voltages Vp max. 75% of nom.
voltage
—= Currents
(Individually for each line in either direction)
Transient peak current (8/20 us impulse) ITsm1 max. 150 A

Transient peak current (10/320 us impulse)
equivalent to 10/700 us 1.6 kV voltage

impulse (CCITT K17); (see Fig.4) ITsSm2 max. 40 A
Average on-state current (averaged over

any 20 ms period); up to Typ = 75 °C IT(AV) max. 5 A
RMS AC on-state current IT(RMS) max. 8 A

Non-repetitive peak on-state current;
Tj = 100 °C prior to surge;

t= 10 ms; half sinewave ITsm3 max. 30 A
12t for fusing (t = 10 ms) 12t max. 45 A?s
Rate of rise of on-state current after

V(BO) turn-on (tp = 10 us) di/dt max. 50 Alus

Power dissipation

Continuous dissipation;
one line dissipating,
unidirectional operation,
device mounted on infinite heatsink Ptot max. 40 w

Peak dissipation; t = 1 ms,

free-air mounting Ptm max. 400 w
Temperatures
Storage temperature Tstg —40 to +150 °c
Operating temperature (off-state) Tj max. 125 oc
Overload temperature (on-state) Tyj max. 150 °c
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Dual breakover diodes BR22O SERIES

THERMAL RESISTANCE

From junction to ambient in free air
mounted on a printed circuit board
at any lead length Rthjamb = 60 K/W

From junction to mounting base
One line conducting

bidirectional operation Rth j-mb = 25 K/W

unidirectional operation Rth j-mb = 3.1 K/W
Both lines conducting

bidirectional operation Rth j-mb = 1.75 K/W
Transient thermal impedance (t = 1 ms) Zth j-mb = 03 K/Ww

Influence of mounting method
1. Heatsink-mounted with clip (see mounting instructions)
Thermal resistance from mounting base to heatsink

a. with heatsink compound Rthmb-h = 03 K/W
b. with heatsink compound and 0.06 mm maximum
mica insulator Rthmb-h = 1.4  K/W
c. with heatsink compound and 0.1 mm max.
mica insulator (56369) Rth mb-h = 22 K/W
d. with heatsink compound and 0.25 mm max.
alumina insulator (56367) Rth mb-h = 0.8 K/W
e. without heatsink compound Rth mb-h = 1.4 K/W
left half right half
st 3rd
quadrant quadrant quadrant quadrant
i_ i_ junctions ‘I- —i_
—_— —_— - ——n
1.2K/W 1.2K/W 1.2K/W 1.2K/W
0.9K/W 0.9K/W

mounting

1
1
base PL
]
1

heatsink O

I
l
|
|
|
I
1.0K/W LI] 60K/W
th j—a
|
I
I
I
|
l

l ambient M2461

Fig.2 Components of thermal resistance (junction to ambient).
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BR220 SERIES

CHARACTERISTICS

Tj = 25 OC unless otherwise stated; each line to centre lead.

Voltages and currents (in either direction)

On-state voltage (note 1)

ITmM=5A
Avalanche voltage V(gR); (I(gRr) = 10 mA), and
Breakover voltage V(gQ); (I <Ig):

(100 us pulsed)

Temperature coefficient of V(gR)

Holding current (note 2)
Tj =2590C
T;=70 oC

Switching current (note 3)
(100 us pulsed)

Off-state current; Vp = 85% V (BR)min (note 4)
T;=70 ocC
Tj=125 oC
Linear rate of rise of off-state voltage
that will not trigger any device;
Tj=700°C; Vpm = 85% V(BR)min
Off-state capacitance
Vp=0;f=1kHzto 1 MHz

Notes:

V™

BR220-100
—-120
—140
—160
—240

—260
—280

S(br)
IH
IH
Is

Is
Is

'p
Ip

dVp/dt

Cj

1. Measured under pulsed conditions to avoid excessive dissipation.
2. The minimum current at which the BOD will remain in the on-state.
3. The avalanche current required to switch the BOD to the on-state.

4. i.e., at maximum recommended continuous voltage.

V(BR)
min.
88

105

123

140
211

228
246

typ.

A2V VV

AWAN

25

V(BO)
max.

112
135
157
180
269
292
314

+0.1

150
100

10
200
1000

50
250

2000

300

<LK <LK <KL <K

%/K
mA

mA

mA
mA
mA

HA

V/us

pF

84
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Dual breakover diodes BR220 SERIES

VT
It {
1st quadrant
current
I V(8o
__'_ |S
V(8R)
\Y -
D Ip, i} '(BR)
I
I(BR) — 'p Vp voltage —»
V(BR)
s
V(BO) W
3rd quadrant L
V1 T M2459
Fig.3 Breakover diode characteristics.
discharge switch 159 25Q
\ o — 39— 1
high voltage
g probe
. ——
0—2kV -— device
supply > oy 20uF [] 500 T- 0.2uF @9 under test )
to storage
1 oscilloscope
10mQ
current
shunt
M3144
Fig.4 Test circuit for high voltage impulse (ITsp2) -

(according to CCITT vol IX-Rec. K17)

Notes:

The 10/700 us Impulse Waveform is defined for the voltage across the test fixture when the device
under test is replaced with an open circuit. Clearly, once a breakover device has switched on to a low
voltage, the current waveform will have a shorter fall-time, since the 15 £ + 25 Q output impedance

becomes effectively in parallel with the 50 £2.
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BR220 SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit. The maximum permissible soldering
temperature is 275 °C. Heat must not be applied for more than 5 seconds. Soldered joints must be
at least 4.7 mm from the body of the device.

The leads must not be bent less than 2.4 mm from the body of the device and should be supported
during bending. The leads can be bent twisted or straightened by 90° maximum. The minimum
bending radius is 1 mm.

Any heatsink used must have a flatness in the mounting area of 0.02 mm maximum per 10 mm.
Mounting holes must be deburred.

For good thermal contact a metallic-oxide loaded heatsink compound must be used between the
mounting base and heatsink. Ordinary silicone grease is not recommended.

The preferred mounting method is with the use of a spring clip. This ensures good thermal contact
under the crystal area and safe isolation. However, if a screw is used, it should be M3 cross-recess
pan-head. Care should be taken to avoid damage to plastic body of the device during mounting.

Rivet mounting (only possible for non-insulated mounting).

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole. The maximum recommended hole size for rivet mounting is

3.5 mm. The pre-formed head of the rivet should be on the device side and any rivet tool used
should not damage the plastic body of the device.

OPERATING NOTES

1.

For most applications involving transient overvoltage protection only, the device is not normally
mounted on a heatsink. The free-air rating of the device is normally adequate for non-repetitive
transients.

Circuit connections to the common (T2} terminal should be made to the centre lead not the
mounting tab.

During a mains contact fault, excessive dissipation can occur with the device held in its avalanche
state. The following figures illustrate how power dissipation can be calculated during a mains
contact fault. In general, if the fault resistance is about 500 — 5 k2, there may be excessive
dissipation.
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Dual breakover diodes BR220 SERIES

MAINS CONTACT

Calculation of power dissipation during mains contact fault.

RL
—T
T2
A P —
V.S|n(wt)<~> BR220
Tq N.C.
T3
M2463
Fig.5 Equivalent circuit of BOD during mains contact fault;
R = total fault resistance. -
M3069
Voltage
v Mains voltage
/ N s
// \\ //
v V(BO) *RLxIs /
/ \ /
/ \ /
7- R x Iy /
/ /
/ \ /
V(BR) /
/
\ § \ /
\\\\\ 22222222224 X VT j/
Shaded areas represent \ Avalanche dissipation
main dissipation \
\
\ /
\
\ /
\ /
AN / On-state dissipation
\ /
\\‘/ e
Fig.6 Dissipation during mains contact fault.
Solid line shows voltage across BOD.
Total power generated = avalanche dissipation prior to switching
(per half-cycle) + on-state dissipation
+ avalanche dissipation after on-state.
1 ( December 1988 87



BR220 SERIES

M3070

40

Irsm
(A)

30

20

10

1 10 102 103 No.of pulses 104

Fig.7 Maximum permissible non-repetitive on-state current I
based on sinusoidal currents (f =50 Hz; device triggered T ﬁ T TSM

at the start of each pulse). Tj = 125 OC prior to surge.
VARVAS

103 M2469
—  Irsm
(A)
\\
102
AN
A
N
N
M~

Tl

10

10us 100us Tms 10ms

exponential pulse duration (time to 50% of peak)

Fig.8 Maximum non-repetitive exponential waveform Impulse Current rating as a
- function of pulse duration (virtual front-time 10 us).
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Dual breakover diodes

BR220 SERIES

30 T M3071
I /
(A) 1 /
25 /
; /
u I
20 +
1
e
T
15 L
]
g
7
1 S-S max.
10 A VT [
7
1
5 /
[ 4
1 Ji
/i
0
0 1 2 3 4
Vr(v)

Fig.9 On-state voltage as a function
of on-state current. (200 us pulsed
condition to avoid excessive dissipation)

—Tj=25,———Tj=125°C.
M3072
\\N\
o
103 = —
- max. —11
=
Is
(mA) | | T~
T ~~| ]ty
102 2=
1o
min. ]
1
-50 0 50 100 150
Tj(OC)

Fig.11 Switching current as a
function of junction temperature.

10-3 M2471

Ip

(A)

J/
/
104 /
+
&
10-5 /
/
4
10-6
—50 0 50 100 150
Tj(OC)

Fig.10 Maximum off-state current
as a function of temperature.

103 M2473
H
(mA) k‘\
N )
N2

102 =
10

1

-50 0 50 100 150

Tj(OC)

Fig.12 Minimum holding current
as a function of temperature.

1 ( December 1988 89



BR220 SERIES
J
115 M2474
VgR) Tj) "
&) 4
V(BR) (25°C) /’l
pd
P4
1.05 A
A
P4
//
1.00 4"
4
"4
//
0.95 [T/
I
0.90 Fig.13 Normalised avalanche breakdown
voltage as a function of temperature.
Note: this figure may also be used
0.85 to derive normalised V(g().
—-50 0 50 00 150
Tj(oC)
M3077
103 ;
€
(pF) 1
\
\
10 —~ \ R
— ] — BR220-100 _
‘.p\\ ‘\\ ~
\NN,. T —1 20
\\
~—] —280
| —
10
1 10 102 Vp (V) 103

Fig.14 Typical junction capacitance as a function of off-state voltage; Tj =250C;f=1MHz.
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Dual breakover diodes

BR220 SERIES

102

Zih
(K/W)

10

101

M3074
T
Zthj—amb =
in free air
”
et
7 41
LA Zthj—mb
Pt
Py
el
A T
A
104 103 10—2 10—1 1 10 time(s) 102

Fig.15 Transient thermal impedance as a function of time (rectangular pulse duration).
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FAST SOFT-RECOVERY RECTIFIER DIODES

J L BY229 SERIES

Glass-passivated double-diffused rectifier diodes in plastic envelopes, featuring fast reverse recovery
times and non-snap-off characteristics. They are intended for use in chopper applications as well as in
switched-mode power supplies, as efficiency diodes and scan rectifiers in television receivers.

The series consists of the following types:
Normal polarity: BY229—200 to 800.
Reverse polarity: BY229—200R to 800R.

QUICK REFERENCE DATA

BY229—200(R) | 400(R) | 600(R) | 800(R)

Repetitive peak reverse voltage VRRM max. 200 | 400 I 600 ' 800 \%
Average forward current IF(AV) max. 7 A
Non-repetitive peak forward
current IFsm max. 60 A
Reverse recovery time trr < 150 ns
MECHANICAL DATA 45 Dimensions in mm
ey b
Fig.1 TO-220AC max
1.3+
v
. 59
mounting min
base —-
(see note) —+ 15.8
max
' '
3.5 max 51 [}
not tinned | | max }
' ‘ T 135
1.3 = min
max
(2x) .
tag! tag 2
] — 1’4—0.9 max (2x) —-»|l<06
—i 508 |« - |24
M0272
tag 1 tag 2
normal k a
reverse k

Note: The exposed metal mounting base is directly connected to tag 1. Accessories supplied on
request: see data sheets Mounting instructions and accessories for TO—220 envelopes.

[ =
L =

Products approved to CECC 50 009-021 available on request.
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BY229 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages*

Non-repetitive peak reverse voltage
Repetitive peak reverse voltage
Crest working reverse voltage

Continuous reverse voltage

Currents

Average forward current assuming zero
switching losses
square-wave; 5 = 0.5; up to Ty = 100 °C
square-wave; 6 = 0.5; at Tjyp = 125 °C
sinusoidal; up to Tjp = 100 ©C
sinusoidal; at Ty = 125 0C

R.M.S. forward current

Repetitive peak forward current
tp= 20 us; 6 <0.02

Non-repetitive peak forward current
t = 10 ms;half sine-wave;
Tj =150 OC prior to surge;
with reapplied VRWM max

12t for fusing (t = 10 ms)

Temperatues
Storage temperature

Junction temperature

VRSM
VRRM

VRWM
VR

IF(AV)
IF(AV)
IF(AV)
IF(AV)

IF(RMS)

IFRM

IFSM
12t

Tstg

BY229-200(R)| 400(R) | 600(R) | 800(R)

max.
max.
max.

max.

max.
max.
max.
max.

max.

max.

max.

max.

max.

200 400
200 400
150 300
150 300

600
600
500
500

800
800
600
600

4.1
6.5

10

135

60
18

—40 to +150
150

*To ensure thermal stability: R j5 < 15 K/W for continuous reverse voltage.

< < < <

> >>>>r

>

A’s

oC
ocC
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Fast soft-recovery rectifier diodes BY229 SERIES

THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 4.5 K/wW

Influence of mounting method

1.

Heatsink-mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.
b.

e.

2.

with heatsink compound Rth mb-h = 0.3 K/W
with heatsink compound and 0.06 mm maximum mica

insulator Rtk mb-h = 1.4 K/wW
with heatsink compound and 0.1 mm maximum mica

insulator (56369) Rth mb-h = 2.2 K/W
with heatsink compound and 0.25 mm maximum

alumina insulator (56367) Rth mb-h = 0.8 K/W
without heatsink compound Rth mb-h = 1.4 K/W

Free air operation

The quoted value of R¢p j-a should be used only when no leads of other dissipating components run
to the same tie point.

Thermal resistance from junction to ambient in free air:

mounted on a printed circuit board at any device lead

length and with copper laminate on the board Rth j-a = 60 K/W

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 ©C; it must not be in contact with the joint for more than 5
seconds. Soldered joints must be at least 4.7 mm from the seal.

. The leads should not be bent less than 2.4 mm from the seal, and should be supported during

bending. The bend radius must be no iess than 1.0 mm.

. It is recommended that the circuit connection be made to tag 1, rather than direct to the
heatsink.
. Mounting by means of a spring clip is the best mounting methode because it offers:

a. a good thermal contact under the crystal area and slightly lower Rij mp-h values than screw
mounting;

b. safe isolation for mains operation.

However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid

damage to the plastic body.

. For good thermal contact heatsink compound should be used between base-plate and heatsink.

Values of Rth mb-h given for mounting with heatsink compound refer to the use of a metallic-oxide
loaded compound. Ordinary silicone grease is not recommended.

. Rivet mounting (only possible for non-insulated mounting)

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab, nor
enlarge the mounting hole.
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BY229 SERIES

CHARACTERISTICS

Tj = 25 OC unless otherwise specified

Forward voltage

IF=20A VE
Reverse current
VR = VRWMmax: Tj = 125 °C normal polarity IR
reverse polarity IR
Reverse recovery when switched from
IF=1AtoVR =30V with —dIg/dt =50 A/us
recovery time trr
IF=2Ato VR =30V with —dIg/dt=20 A/us
recovered charge Qg
Maximum slope of the reverse recovery current
IF=2A, —dlg/dt=20 A/us normal polarity | dig/dt|
reverse polarity | dIg/dt]|
1
F I
r:
dt
-t ——»
y time
premmp———
ok |
Edlt_k ° 100%
Q. l
Ir

Fig.3 Definition of t,r and Q.

*Measured under pulse conditions to avoid excessive dissipation.

A\

VAWA

1.85

0.4
0.6

150

0.7

60
75

mA
mA

ns

uC

Alus
Alus
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Fast soft-recovery rectifier diodes BY229 SERIES

SQUARE-WAVE OPERATION

D8378
P T b
W) 10 °c)
4 93
A
0.5 [/ \ \ \ \\?
3
10 ” NCTN \T 105
0.2 \ ®u
/ // N \ _c;
N
§=0.1
AW EwaY, NN o z 116
4 AN
/ // U\ \\ ai
A
5 y Y 127
JAVA N
[ X 7/ VRANIY
/ N
/ = A 138
V/// \\\eQSO
1 ~
[ JA
0 11 150
0 5 lgav)(A) 10 0 50 100 150 T, (°C)

Fig. 4 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.
P = power including reverse current losses but excluding switching losses.

t
’¢p T tp

7
I
o

T
———

V‘ Lew

'E(AV) = 'F(RMS) X V'8

W (August 1986



BY229 SERIES

SINUSOIDAL OPERATION

D8379
P Tmb
(W) (°c)
93
AN N
1.57 ~ N X ES
] A \\ \\ >
10 19 N S c 105
i N ®\
AN N, Q
N N (0
2.8 S NI TAE
q ¢ Z. 116
=4 g S
a-4.0 N
L o
° av, A A A WA GAEA 127
Y SRS
/ \\\
/i R N 138
= \
=2 =60 Ky N
™ N
S \]
0 - 150
0 2.5 5 750 50 100 o 150
le(av)(A) Tamb(C)

Fig. 5 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.
P = power including reverse current losses but excluding switching losses.

a = form factor = Ig (RmS)/IF(AV)-

August 1986



Fast soft-recovery rectifier diodes BY229 SERIES
D 8380
100
lEs(RMS)
(A)
75 \
N Esm
50
N
N
N
N
25 =
.
\N
0
10-3 10-2 101 1 duration (s) 10
Fig. 6 Maximum permissible non-repetitive r.m.s.
08381 forward current based on sinusoidal
e currents (f = 50 Hz); Tj = 150 OC prior to
(A) surge; with reapplied VRWMmax-
25 Pl -
F 'Fsm
Il / -
4 FS(RMS)
u / time
v
20 /
| L]
——
15 v BN
typ max
10 §
'}
L4
5 | LY
! Ay j
F_*_ APV, +
; . AN |
0 1 | L
0 0.5 1 1.5VE(V) 2
Fig.7——Tj=25°C; - - = —Tj= 125 0C
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BY229 SERIES

D8382
[T T Nod 1] T 17
Toa 1 G | A L A
O’i/lls 0}\\‘3 \I,zi\/ \0\‘-
[%5)
N Q 7" / 1 L7
2 < WL 15
- 5A/us A < /l S -7%0\«\’\ -
/ V. T
mE =
- 2A/us N y P’ P~ 52 [
\ = T
[ JA/us 111 0.5A/us ~ —— ]
pr——— { —r
10 7.5 5 2510 ~ ] N
T - i LT 1 =100y |
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N NS B
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| (W) 6‘0\\ 01/ 1 -
15 A 170\ | ]
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Fig. 8 NOMOGRAM

Power loss APR(AV) due to switching only (to be added to steady state power losses).
Ig = forward current just before switching off; Tj =150 90C

'r
—\‘%trr———f * time
4
d'e 7 10%
dt
'R
VE
N\ * time
\ v
N4
VR D8394
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Fast soft-recovery rectifier diodes BY229 SERIES

D8392
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BY229 SERIES

M1020
T
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(us) max values (pF)
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Fast soft-recovery rectifier diodes

BY229 SERIES

150
'./C; I /C)
L1 1k
+ J -
VE=30V 220F‘FL*F VE=30V
+
CRO ~
- 500 (o= +
input ;
;/ D8663

Fig.14 Simpiified circuit diagram of practical apparatus to test softness of recovery.

NOTES

1. Duty factor of forward current should be low, <2%.

2. dIg/dtis set by L1, 1.6 uH gives 20 A/us

3. dIR/dt is measured across L2, 200 nH gives 5A/us/V.

4. Wiring shown in heavy should be kept as short as possible.

w ( August 1986
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BY229F SERIES

FAST SOFT-RECOVERY ELECTRICALLY ISOLATED
RECTIFIER DIODES

Glass-passivated, double-diffused rectifier diodes in full-pack plastic envelopes, featuring fast reverse
recovery times and non-snap-off characteristics. Their electrical isolation makes them ideal for
mounting on a common heatsink alongside other components without the need for additional
insulators. They are intended for use in chopper applications as well as in switched-mode power
supplies and as efficiency diodes and scan rectifiers in television receivers.

QUICK REFERENCE DATA

BY229F—200 | 400 | 600 | 800

Repetitive peak reverse voltage VRRM max. 200 l 400 I 600 I 800 V
Average forward current IF(Ay)  max. 7 A
Non-repetitive peak forward current  Ifg\ < 60 A
Reverse recovery time tyy < 150 ns
MECHANICAL DATA r<—10.2max Dimensions in mm
Fig.1 SOT-186 (full-pack). 5.7 max < oy bl
: max
IBJ(ZJ 895) g <1 2.9 max
I
— | A f
) - Lo L 7s
} L _ | 7.5
. i 17
seating max
plane "~
‘ [
35m
not tinned . s :&A
o] | |
15 max—=| - AN
k aly L
@ - Jrg-s L ossmen
‘ — 1«13

_J L_ M2296

':i top view

Net mass: 2 g.
The seating plane is electrically isolated from all terminals.
Accessories supplied on request (see data sheets Mounting instructions for F-pack devices and

Accessories for SOT-186 envelopes).
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BY229F SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134).

Voltages (Note 1)

Non-repetitive peak reverse voltage
Repetitive peak reverse voltage
Crest working reverse voltage
Continuous reverse voltage

Currents

Average forward current assuming
zero switching losses (Note 2)
square wave; 8 = 0.5; up to T =90 °C
sinusoidal; up to Tpe= 93 °C
R.M.S. forward current
Repetitive peak forward current
tp = 20 ps; 6 =0.02

Non-repetitive peak forward current
half sine-wave; Tj = 150 OC prior to
surge; with reapplied VRWM max
t=10ms
t=8.3ms

12t for fusing (t = 10 ms)
Temperatures

Storage temperature
Junction temperature

ISOLATION

Peak isolation voltage from all
terminals to external heatsink

Isolation capacitance from cathode
to external heatsink (Note 3)

Notes

VRSM
VRRM

VRWM
VR

BY229F—-200 | 400 | 600 | 800

max. 200 400 600 800
max. 200 400 600 800
max. 150 300 500 600
max. 150 300 500 600
IF(AV) max. 7
IF(AV) max. 6.25
IE(RMS) max. 10
IFRM max. 135
IFSMm max. 60
IFSm max. 65
12t max. 18
Tstg —40 to +150
Tj max. 150
Visol max. 1000
Cp typ. 12

1. To ensure thermal stability: Rh j.o < 15 K/W for continuous reverse voltage.

2. The quoted temperatures assume heatsink compound is used.

3. Mounted without heatsink compound and 20 Newtons pressure on the centre of the envelope.

< << <

ocC
oC

pF
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Fast-recovery, isolated rectifier diodes BY229F SERIES

THERMAL RESISTANCE

From junction to external heatsink with minimum
of 2 kgf (20 Newtons) pressure on the centre
of the envelope,

without heatsink compound Rth j-h 7.2 K/W

5.5 K/W

1

with heatsink compound Rth j-h

Free-air operation

The quoted value of Ry j.a should be used only when no leads of other dissipating components run to
the same point.

Thermal resistance from junction to ambient
in free air, mounted on a printed circuit board Rth j-a = 55 K/W
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Forward voltage

IF=20A VE < 1.85 v*
Reverse current
VR = VRWM max: Tj = 125 °C IR < 0.4 mA

Reverse recovery when switched from
IF=1AtoVR =30V with —dIg/dt =50 A/us,

recovery time trr < 150 ns
IF=2Ato VR =30V with —dlg/dt =20 A/us
recovered charge Qg < 0.7 uC
Maximum slope of the reverse recovery current
IF=2A, —dlg/dt=20 A/us | dIR/dt| < 60 Alus
1
F I
ol
\ dt
ter
y time
—
$
dlg 10 %o
Qs D
'RRM
Ig M1247

Fig.2 Definition of t, and Q.

*Measured under pulse conditions to avoid excessive dissipation.
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BY229F SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; the heat source must not be in contact with the joint for
more than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

. The leads should not be bent less than 2.4 mm from the seaI', and should be supported during

bending. The bend radius must be no less than 1 mm.

. Mounting by means of a spring clip is the best mounting method because it offers a good thermal

contact under the crystal area and slightly lower Rip j-h values than screw mounting. The force
exerted on the top of the device by the clip should be at least 2 kgf (20 Newtons) to ensure good
thermal contact and must not exceed 3.5 kgf (35 Newtons) to avoid damage to the device.

. If screw mounting is used, it should be M3 cross-recess pan head.
Minimum torque to ensure good thermal contact: 5.5 kgf (0.55 Nm)
Maximum torque to avoid damage to the device: 8.0 kgf (0.80 Nm)
. For good thermal contact, heatsink compound should be used between baseplate and heatsink.

Values of Ry, j-h given for mounting with heatsink compound refer to the use of a metallic-oxide
loaded compound. Ordinary silicone grease is not recommended.

. Rivet mounting.

It is not recommended to use rivets, since extensive damage could result to the plastic, which could
destroy the insulating properties of the device.

. The heatsink must have a flatness in the mounting area of 0.02 mm maximum per 10 mm.

Mounting holes must be deburred.

OPERATING NOTES
The various components of junction temperature rise above ambient are illustrated in Fig.3.

? junction

Rth j—h

heatsink

]Rth j—a

Rth h—a

M2284 ambient

Fig.3.

Any measurement of heatsink temperature should be immediately adjacent to the device.
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Fast-recovery, isolated rectifier diodes BY229F SERIES

1560
O { — — O—

L1 1k
+ L -
-
Vp=30V puT 220uF o VR =30V
+
CRO . __
- 500 ( ompm— +
input
74
L2

D8663A

Fig.4 Simplified circuit diagram of practical apparatus to test softness of recovery.

NOTES

1. Duty factor of forward current should be low, < 2%.
2 dle/dticeethv |1 185 uH aiveec 20 A/uc
2.dlg/dtissetby L1, 1.5 uH gives 20 A/pus.

3. dIR/dt is measured across L2, 200 nH gives 5 A/us/V.
4. Wiring shown in heavy should be kept as short as possible.

W (August 1986
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BY229F SERIES

SQUARE-WAVE OPERATION

M2297
15
1.0
b /
(W)
0.5 1A
/
10
0.2 4
/
5=0.1 4
y,
Y,
1
5 94
17177
7
o 2
0 5 Iray)A) 10
SINUSOIDAL OPERATION
M2298
|
[ ]
0 1.5},
1.9,/
7
220717
P /
(W) 2.8 7
a=4.0] [ /1 /[
1/
I
i aviv/
1/
iV
/
O 2.5 5 7.
IF(av)(A)

Fig.5 Power rating.

The power loss in the diode should first be
determined from the required forward current
on the IF(ay) axis and the appropriate duty
cycle.

Having determined the power (P), use Fig.7 (if
heatsink compound is not being used) or Fig.8
(if heatsink compound is being used) to
determine the heatsink size and corresponding
maximum ambient and heatsink temperatures.

Note: P = power including reverse current losses
but excluding switching losses.

t
dp T tp

[+

vioLod ol

'E(AV) = 'F(RMS) X V8

Fig.6 Power rating.

The power loss in the diode should first be
determined from the required forward current
on the IF(aAy) axis and the appropriate form
factor.

Having determined the power (P), use Fig.7 (if
heatsink compound is not being used) or Fig.8
(if heatsink compound is being used) to
determine the heatsink size and corresponding
maximum ambient and heatsink temperatures.

Note: P = power including reverse current losses
but excluding switching losses.

a = form factor = Ig(RMms)/IF(AV)
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Fast-recovery, isolated rectifier diodes BY229F SERIES

M2897

15 ] 42 Fig.7 Heatsink rating;
\\ ) %,) [ without heatsink compound.
=
P \”\\ Th
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)
NAE
& A \2
\ \
10 Y 78
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A\ N \
N
N
N\
NN
5 NCERN 114
\
\\\
flleeal_r A\
[ ~N. \\
N N
N
0 150
0 100 T,,,(°C) 200
15 = 2898 67.5 Fig.8 Heatsink rating;
\ \;’ with heatsink compound.
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BY229F SERIES

D 8380
100
lEs(RMS)
(A)
75 \
\ lEsm
50
N
\‘
N
N
25 =
N~
\\
0
103 10-2 10~1 1 duration (s) 10
Fig.9 Maximum permissible non-repetitive r.m.s. forward current based on sinusoidal currents
(f =50 Hz); Tj = 150 OC prior to surge; with reapplied VRwMmax-
M230T |
Ie F ~~Irsm
(A) ("~ 'FS(RMS)
time
25 1
fi
|
7
20 /
l
Ay
15 1
7
typ max
VE — VE
J
10 7
Jl LA
N4
5 7
/
4
0 p Tl 2T Fig.10 —— T;=250C; — — — — T; = 125 °C.
0 0.5 1 1.5 VE(V) 2
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Fast-recovery, isolated rectifier diodes

J

BY229F SERIES

M2302

103
IERM

(A)

102 A

N
\\
~
N
\\
10 )
101 1 10 to/T (%) 10

Fig.11 Maximum permissible repetitive peak forward current for square or sinusoidal currents;

1us<tp<1 ms.

g —; r-f\—| lERM

time
H
T M1246
Definition of IFRMm
and tp/T.
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BY229F SERIES

D8382
masss: a8
T —
70‘1//43 Oé‘\\e
N 9% 1]
- 5A/us N\ % WA
L1 —
Ty
- 2A/us N 50\;\:\1:
1A /us L 0.5A/ps <N\
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|
10 7.5 5 25— 0 Ve
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0
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1 Y ]
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()
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Fig.12 NOMOGRAM

Power loss APR(aV) due to switching only (to be added to steady state power losses).
| = forward current just before switching off; Tj =150 OC.

M\
-ty —» .
+ time

'r

_9,'5/\/ L o
“ L ipam—t
'R
VF
-—-——ﬂ\‘ * time
Nt
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Fast-recovery, isolated rectifier diodes

BY229F SERIES

D6392
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BY229F SERIESJ .

D6399

10 I i ===
— Tj= 25°C f= IMHz
—_T. = & .=
e TJ 125°C [ Cq Tj= 25 to125°C
(us) max values B (pF)
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g
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i'/
1 -
”
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10~7
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Fig.17 —— with heatsink compound; — — — — without heatsink compound.
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BY249 SERIES

SILICON RECTIFIER DIODES

Glass-passivated double-diffused rectifier diodes in TO-220 plastic envelopes, intended for power
rectifier applications.

The series consists of the following types:

Normal polarity (cathode to base plate): BY249—300 and BY249—-600.

Reverse polarity (anode to base plate): BY249—300R and BY249-600R.

QUICK REFERENCE DATA

BY249-300(R) | 600(R)

Repetitive peak reverse voltage VRRM max. 300 | 600 \Y

Average forward current IF(av) max. 6.5 A
Non-repetitive peak forward current IFsm max. 60 A
MECHANICAL DATA (see next page for polarity of connections) Dimensions in mm
Fig. 1 TO-220AC 10,3 4.5
*~ max % | max |[*
— 3,7 |- + 1,3—+
28 }
_7 mounting
base —»}-
(see note) 158
max
v v - v
3,5 max 51
not tlr;ned i . max |
l 135 1
1,3+ = min
max
(2x) .
tag! tag 2
U
) -> IL—O,Q max (2x) - l<06
—| 508 = — -2.4

M0272

Note: The exposed metal mounting base is directly connected to tag 1.

Accessories supplied on request: see data sheets Mounting instructions and accessories for TO-220

envelopes.
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BY249 SERIES

MECHANICAL DATA (continued)
Polarity of connections:

BY249-300 BY249—-300R
BY249-600 BY249—-600R K

base plate cathode anode
tag 1 cathode anode
tag 2 anode cathode
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).
Voltages* BY249-300(R) | 600(R)
Non-repetitive peak reverse voltage VRSM  max. 300 600 \
Repetitive peak reverse voltage VRRM max. 300 600 \%
Crest working reverse voltage VRWM max. 200 400 \
Continuous reverse voltage VR max. 200 400 \
Currents
Average forward current;

sinusoidal; up to Ty = 110 oC IF(AV) max. 6.5 A

sinusoidal; at Ty = 125 ©C IF(AV) max. 4.0 A
R.M.S. forward current IE(RMS) max. 9.5 A
Repetitive peak forward current;

t= 10 ms; half sine-wave IERM max. 60 A
Non-repetitive peak forward current;

t =10 ms; half sine-wave;

Tj=150 OC prior to surge;

with re-applied VRwWMmax IFsm max. 60 A
12t for fusing; t = 10 ms 12t max. 18 A?s
Temperatures
Storage temperature Tstg —40 to +150 oC
Junction temperature Tj max. 150 oC
CHARACTERISTICS
Forward voltage

IF=20A;Tj=25°C VE < 1.6 V**

|F=5A;Tj=100°C VE < 1.05 V**
Reverse current

VR = VRWMmax: Tj= 125 oc IR < 0.4 mA

*To ensure thermal stability, R, .5 <15 ©C/W for continuous reverse voltage.
**Measured under pulse conditions to avoid excessive dissipation.
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Silicon rectifier diodes BY249 SERIES

THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 4.2 oc/w

Transient thermal impedance; t =1 ms Zth j-mb = 0.46 °C/W

Influence of mounting method

1.

Heatsink mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.

b.
c.
d

with heatsink compound Rth mb-h =0.3 ©°C/wW
. with heatsink compound and 0.06 mm maximum mica insulator Rth mb-h = 1.4 ©C/W

with heatsink compound and 0.1 mm maximum mica insulator (56369) Ry mb-h = 2.2 ©°C/W
. with heatsink compound and 0.25 mm maximum alumina

insulator (56367) Rth mb-h = 0.8 ©°C/W
. without heatsink compound Rth mb-h=14 ©°C/W

. Free-air operation

The quoted value of Ryp j.4 should be used only when no leads O
of other dissipating components run to the same tie-point.
Thermal resistance from junction to ambient in free air:

mounted on a printed-circuit board at a = any lead length.

Rth j-a = 60 oc/wW T—-* F——
Fig. 2 a
' e 3

D8397 7278248

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; it must not be in contact with the joint for more than
5 seconds. Soldered joints must be at least 4.7 mm from the seal.

. The leads should not be bent less than 2.4 mm from the seal, and should be supported during

bending. The bend radius must be no less than 1.0 mm.

. It is reccommended that the circuit connection be made to tag 1, rather than direct to the

heatsink.

. Mounting by means of a spring clip is the best mounting method because it offers:

a. a good thermal contact under the crystal area and slightly lower R¢y mp-h Vvalues than screw
mounting.
b. safe isolation for mains operation.

However, if a screw is used, it should be M3 cross-recess pan-head. Care should be taken to avoid
damage to the plastic body.

. For good thermal contact heatsink compound should be used between mounting base and heatsink.

Values of Rth mb-h given for mounting with heatsink compound refer to the use of a metallic-oxide
loaded compound. Ordinary silicone grease is not recommended.

. Rivet mounting (only possible for non-insulated mounting)

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab, nor

enlarge the mounting hole.
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BY249 SERIES

SINUSOIDAL OPERATION

MO0273
10 a=157 l 108
. Py
4 VvV
1.9 \ \VAAH
A1/ N\ \ \]
P N NN G Tmb
W) 28 N - T\ 3 ©c)
/ // \\ @ \2
0
1L S N \ |\
5 ,/(/ \\ \ \\ \\\ 129
/ N
JiVAV/ 4 N \
197, NAA!
1//7 N TN N
/7.4 free - \\\ \
i'LOpe,at, \ \
[ ~Zion |
~. = T
0 C > M 450
0 2.5 5 7500 50 100 . 150
F(av) (A) Tamb (°C)

Fig. 3 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.

a = form factor = Ig(RMS)/IF(AV).

*Tmb scale is for comparison purposes and is correct only for Riq mp-a < 19.3 °C/W.
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Silicon rectifier diodes

BY249 SERIES

MO0274
100
lES(RMS) \
(A) \\
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\\ & FSM
\
N
50
N
N
~N
N
‘\~~~
\~
0
10-3 102 10~1! 1 duration (s) 10

Fig. 4 Maximum permissible non-repetitive r.m.s. forward current based on sinusoidal currents

(f =50 Hz); Tj = 150 OC prior to surge.
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BY249 SERIES

MO0276
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BY249F SERIES

ELECTRICALLY ISOLATED RECTIFIER DIODES

Glass-passivated, double-diffused rectifier diodes in full-pack plastic envelopes, intended for power
rectifier applications. Their electrical isolation makes them ideal for mounting on a common heatsink
alongside other components without the need for additional insulators.

QUICK REFERENCE DATA

BY249F—-300 | 600
Repetitive peak reverse voltage VRRM max. 300 ’ 600 \
Average forward current IE(AV) max. 6.5 A
Non-repetitive peak forward current IFsm max. 60 A
MECHANICAL DATA ~—10.2 max—= Dimensions in mm
Fig.1 SOT-186 (full-pack). Ll
—5.7 max|<— ™ max |
3.2 0.9
3 0 l 05 — 2.9 max
T — t 4
} sk i
40 79
\JJ f 7.5
_J 17
mounting max
base =
; A
3.5 max
not tinned ) ‘*;‘*
.l as ||
1.5 max—I} |le— min
k a TI‘M_ 1
@OA@_’H“ "H‘—gg 1= == 0.55 max
— 1+=13
—| [5.08] |- M2296
T T
L l:‘ top view

Net mass: 2 g.

The mounting base is electrically isolated from all terminals.
Accessories supplied on request (see data sheets Mounting instructions for F-pack devices and
Accessories for SOT-186 envelopes).

W ( June 1989
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BY249F SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages (note 1)

Non-repetitive peak reverse voltage
Repetitive peak reverse voltage
Crest working reverse voltage

Continuous reverse voltage

Currents

Average forward current; (note 2)
sinusoidal; up to T = 95 0C
sinusoidal; at Tp = 125 °C

RMS forward current

Repetitive peak forward current;
t = 10 ms; half sinewave

Non-repetitive peak forward current;
t = 10 ms; half sinewave;
Tj=150 OC prior to surge;
with re-applied VRWMmax

12t for fusing; t= 10 ms

Temperatures
Storage temperature
Junction temperature

ISOLATION

Peak isolation voltage from all
terminals to external heatsink

Isolation capacitance between all terminals
and external heatsink (note 3)

Notes

VRsSM
VRRM

VRWM
VR

IF(AV)
IF(AV)
IF(RMS)

IFRM

IFSM
12t

Tstg

V(isol)M

C{isol)

max.

max.

max.

max.

max.
max.

max.

max.

max.

max.

max.

max.

typ.

BY249F—-300

300
300
200
200

6.5
3.2

9.5

60

60
18

—40 to +150

1. To ensure thermal stability: Rih j.q < 15 K/W for continuous reverse voltage.

2. The quoted temperatures assume heatsink compound is used.

150

1000

12

3. Mounted without heatsink compound and 20 newtons pressure on the centre of the envelope.

< < < <

> >

A?s

oC
oc

pF
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Electrically isolated rectifier diodes BY249F SERIES

THERMAL RESISTANCE

From junction to external heatsink with minimum
of 2 kgf (20 newtons) pressure on the centre
of the envelope,

7.2 K/W
with heatsink compound Rth j-h = 5.5 K/W

without heatsink compound Rih j-h

Free-air operation

The quoted value of Rty j-a should be used only when no leads of other dissipating components run to
the same point.

Thermal resistance from junction to ambient

in free air, mounted on a printed circuit board Rth j-a = 55 K/wW
CHARACTERISTICS
Forward voltage

||:=20A;Tj= 25 0C VE < 1.6 A\

Ig = 5A;Tj=100°C VE < 1.05 A\
Reverse current

VR = VRWMmax: Tj = 125 °C IR < 0.4 mA

) ( June 1989
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BY249F SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 O9C; the heat source must not be in contact with the joint for
more than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1 mm.

Mounting by means of a spring clip is the best mounting method because it offers a good thermal
contact under the crystal area and slightly lower Ry, j-n values than screw mounting. The force
exerted on the top of the device by the clip should be at least 2 kgf (20 newtons) to ensure good
thermal contact and must not exceed 3.5 kgf (35 newtons) to avoid damage to the device.

If screw mounting is used, it should be M3 cross-recess pan head.
Minimum torque to ensure good thermal contact: 5.5 kgf (0.55 Nm)
Maximum torque to avoid damage to the device: 8.0 kgf (0.80 Nm)

For good thermal contact, heatsink compound should be used between mounting base and
heatsink. Values of R, . given for mounting with heatsink compound refer to the use of a
metallic-oxide loaded compound. Ordinary silicone grease is not recommended.

Rivet mounting.
It is not recommended to use rivets, since extensive damage could result to the plastic, which
could destroy the insulating properties of the device.

The heatsink must have a flatness in the mounting area of 0.02 mm maximum per 10 mm.
Mounting holes must be deburred.

OPERATING NOTES
The various components of junction temperature rise above ambient are illustrated in Fig.2.

junction
Rth j—h

heatsink

]Rth j—a

Rth h—a

M2284 ambient

Fig.2.

Any measurement of heatsink temperature should be immediately adjacent to the device.
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Electrically isolated rectifier diodes

BY249F SERIES
SINUSOIDAL OPERATION
M3338
10 a=157/ o 5 2\] \ L 95
NEAWY
19 \ \
, [
p / N \ L
(W) \\ \ \0'\ -I;h*
28 / \[\7 (°C)
/ 4 N \2
4.0 / / 20 AN
/ ///// \ \ \ \
5 117 - \ ‘\ 1225
/ N ! ANAWY
[/ NAW\
\ \\
1/ 1/4 SEAREEEANENAN
%, Sy NENA
— T~T N
NN
0 [ 150
0 2.5 5 7.5l0 50 100 150
IF(av)(A)

Tamb(°C)
Fig.3 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.

a = form factor = Ig(RMS)/IF(AV)-

*Th scale is for comparison purposes and is correct only for Rp h.g < 19.3 K/W.
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BY249F SERIES

\_
100 M0274
lFS(RMS) \
(A) \\
A\ lEsm
1\
N
50
N
~
\N
\
‘=\~~
\—__h-
0
10-3 10-2 10~1 1 duration(s) 10

Fig.4 Maximum permissible non-repetitive RMS forward current based on sinusoidal currents
(f =50 Hz); Tj = 150 OC prior to surge.

M0275
30 'F ~~Irsm
/\:'FS(RMS)
'F time
(A) ’l
typ max |
Y Vv
20 T
]
|
[
/A
10 1y
/
7
J1.1/
4
4
0 - Fig.5 — Tj=25°C; — — — T} = 100 °C.
1 VE(V) 2
™ [
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Electrically isolated rectifier diodes BY249F SERIES

102 M2303
Zth j—mb
(K/W)
10
a—-—"'4
1'/
1 -l
-
’
1071
10-2
104 10-3 1072 107! 1 10 time (s) 102
Fig.6 —— with heatsink compound; — — — — without heatsink compound.
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BY329 SERIES

FAST SOFT-RECOVERY RECTIFIER DIODES

Glass-passivated double-diffused rectifier diodes in plastic envelopes, featuring fast reverse recovery
times and non-snap-off characteristics. They are intended for use in chopper applications as well as in
switched-mode power supplies, as efficiency diodes and scan rectifiers in television receivers.
The series consists of normal polarity types (cathode to mounting base).

QUICK REFERENCE DATA

BY329-800 | 1000 | 1200
Repetitive peak reverse voltage VRRM max. 800 I 1000 I 1200 \Y
Average forward current IF(AV) max. 8 A
Non-repetitive peak forward current IFsm max. 80 A
Reverse recovery time ter < 150 ns
MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AC
10.3
= max -
- 3.7 |- ' 1.3+
28
‘E i * mounting
base —t
; i (see note) } 158
l' | max
|
L J l
3.5 max 51 (
not tinned | [ max
' | T Bs I
1.3—+1| |- min
max
(2x) K al l J
) +H<‘O.9 max (2x) > L— 0.6
—+! 508 |l > le24

M0724

Note: The exposed metal mounting base is directly connected to the cathode. Accessories supplied on
request: see data sheets Mounting instructions and accessories for TO—220 envelopes.
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BY329 SERIES

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages

Non-repetitive peak reverse voltage

Repetitive peak reverse voltage

Crest working reverse voltage

Currents

Average forward current assuming zero

switching losses

square-wave; § = 0.5; up to Tmyp = 108 °C
square-wave; 6 = 0.5; at Ty, = 125 °C
sinusoidal; up to Typ = 113 °C
sinusoidal; at Ty = 125 ©C

R.M.S. forward current

Repetitive peak forward current

Non-repetitive peak forward current: t=10ms

half sine-wave; Tj = 150 OC prior to surge;
with reapplied VRWM max

12t for fusing (t = 10 ms)

Temperatues

Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

Influence of mounting method

VRSM
VRRM
VRWM

IF(AV)
IF(AV)
IF(AV)
IF(AV)

IF(RMS)
IFRM

IFsm
12t

Tstg
Tj

Rth j-mb

1. Heatsink mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.
b.

with heatsink compound

with heatsink compound and 0.06 mm maximum
mica insulator

. with heatsink compound and 0.1 mm maximum

mica insulator (56369)

. with heatsink compound and 0.25 mm maximum

alumina insulator (56367)

. without heatsink compound

Rth mb-h
Rth mb-h
Rth mb-h

Rth mb-h
Rth mb-h

BY329-800 | 1000 | 1200

max.
max.

max.

max.
max.
max.
max.

max.

max.

max.

max.

max.

800 | 1000 | 1200
800 | 1000 | 1200
600 800 | 1000

—_—

53

5.2
1
80

80
32

—40 to +150
150

3.0

0.3

1.4

2.2

0.8
1.4

<

> > >>>>

oC
oC

K/W

K/W

K/W

K/W

K/W
K/W
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Fast soft-recovery rectifier diodes BY329 SERIES

THERMAL RESISTANCE (continued)

2. Free-air operation Rth j-a = 60 oCc/W

The quoted value of Ry i3 should be used only

j-a I:I—El
when no leads of other dissipating components run to O
the same tie-point. Thermal resistance from junction

to ambient in free air: mounted on a printed-circuit
board at a = any lead length.

'}
Fig.2 |
a
' e
D8397
CHARACTERISTICS
Forward voltage
|F=20A;Tj=25°C VE < 1.85 V*
Reverse current
VR = VRWMmax: Tj= 125 °C IR < 1.0 mA
Reverse recovery when switched from
IF=2Ato VR >30V with —dlg/dt =20 A/us; Tj=25 ocC
Recovered charge Qq < 0.7 uC
IF=1Ato VR =30V with —dIg/dt =50 A/us; Tj=25 oC
Recovery time trr < 150 ns
Maximum slope of the reverse recovery current
IF =2 A; —dIg/dt = 20 A/us; Tj = 25 °C |dIr/dt| < 60 Alus
1
F I
dI¢
dt
trr
y time
e ——
ok |
%5 ° 100%%
Qs t l
Ig D8403

Fig.3 Definition of t,, and Qg

*Measured under pulse conditions to avoid excessive dissipation
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BY329 SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; it must not be in contact with the joint for more than 5
seconds. Soldered joints must be at least 4.7 mm from the seal.

. The leads should not be bent less than 2.4 mm from the seal, and should be supported during

bending. The bend radius must be no less than 1.0 mm.

. It is recommended that the circuit connection be made to the cathode tag, rather than direct to the

heatsink.

. Mounting by means of a spring clip is the best mounting method because it offers:

a. a good thermal contact under the crystal area and slightly lower R, mp-h values than screw
mounting;

b. safe isolation for mains operation.

However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid

damage to the plastic body.

. For good thermal contact heatsink compound should be used between base-plate and heatsink.

Values of Rih mp-h given for mounting with heatsink compound refer to the use of a metallic-
oxide loaded compound. Ordinary silicone grease is not recommended.

. Rivet mounting (only possible for non-insulated mounting).

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole.
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Fast soft-recovery rectifier diodes BY329 SERIES

SQUARE-WAVE OPERATION

20 M1003
P « T,
mb
W) 1.0 (°c)
7 \\2
15 105
05| f INEEAU
/ \\ \ &\
/ NS
0.2 / s \\ 2
10 5=0.1 \ N 120
y / / N 2 N
/ \\0\ \
1/ A/ N \
7 )4 S 2 AN
5 / N 135
/Y,
/4 N
/4 free air_ SR
By NN
0 —— ‘— 150
0 5 10 15]0 50 100 150
Ir(av)(A) Tamb(°C)

Fig.4 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.
P = power including reverse current losses but excluding switching losses.

\% Lewd Lood

'E(av) = 'F(RMS) XV'8

*Tmb scale is for comparison purposes and is correct only for Ry, mp.g < 10°C/W.
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BY329 SERIES

SINUSOIDAL OPERATION

M1002

20 90
P Tmb
(W) (°c)
15 105
1.6 -+
1.9 A\
22 1/ N N B
10 2.8 [ A A\ A AN 120
/ N N \NA'gX
a=4,00 /] / N LS
V. 9.04 N N ¥, Z
/ gV N o ) \
/ 27 N N
5 y, /r 7/ S \; 135
// f \ \\ \
/i e air A \\ N
T Inm —t— ‘\
0 ~ 150
0 2.5 5.0 7.5{0 50 00 . 150

Fig.5 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.
P = power including reverse current losses but excluding switching losses.

a = form factor = Ig(RMS)/IF(AV)-
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Fast soft-recovery rectifier diodes BY329 SERIES
M1004
150
IFS(RMS)
(A)
100
\
'ESM]
50 N
Py
 —
T~
—
0
10-3 10-2 10~ 1 duration (s) 10

Fig.6 Maximum permissible non-repetitive r.m.s. forward current based on sinusoidal currents
(f =50 Hz); Tj = 150 OC prior to surge; with reapplied VRWMmax-

D838t
Ie
(A)
25
s J
H
20
1 | ]
15 ¢ N
typ max
VF 3 VF
10 |
P /
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5 LAW') 4
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v
0 1
0 0.5 1 1.5VE(V) 2

'r

/‘\;‘ “lrsm

-~ lES(RMS)
L \ d ) W—

time

Fig.7 ———Tj=250C; —— — —Tj=1250C
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BY329 SERIES
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1047, % B N
ﬁi (6 w w@
I\
LN p e
N \ «',
= 5A/M$ AY y pd
11 —— N [\ AT 1A
B T - 1A
2A/us ~ p PARPZ ™=
T —
- 1A/us F0.5A/us ~ \ -
| Y. -
| ]
10 117.5 5 2510 ~\ S=-
e (A) } RN =2
1 N SuuS |
N\ \'4\00
N
2 N
| i EENORTS
(W) N ING
N
SITTTTIT I?’P tb"l

Fig.8 NOMOGRAM

Power loss APR(aY) due to switching only (to be added to steady state power losses).
| = forward current just before switching off; Tj =1500°C

'r
.\,
\‘<_trr—> * tim
* ime
E/ 10%
dt
IR
VE
N\ ‘ time
\ vy
N
VR D8394
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Fast soft-recovery rectifier diodes BY329 SERIES

D8392

10 T T T
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BY329 SERIES

J
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Fast soft-recovery rectifier diodes BY3 29 SERI ES

oo — — O

1kQ

A
VE=30V 220uF o VE =30V

CRO —~ __

input ;
2

;/ D8663

Fig.14 Simplified circuit diagram of practical apparatus to test softness of recovery.

NOTES

1. Duty factor of forward current should be low, <2%.
2. dIg/dtisset by L1, 1.5 uH gives 20 A/us.

3. dIR/dt is measured across L2, 200 nH gives 5A/us/V.

4. Wiring shown in heavy shouid be kept as short as possibie.
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MAINTENANCE TYPE BY359 SERIES

FAST HIGH-VOLTAGE RECTIFIER DIODES

Glass-passivated double-diffused rectifier diodes in TO-220 plastic envelopes, featuring fast recovery
times. They are intended for use as an anti-parallel diode to GTOs and similar high-voltage switches,

in chopper applications such as Series Resonant Power Supplies (SRPS) and other high-voltage circuits.
The series consists of normal polarity types (cathode to mounting base).

QUICK REFERENCE DATA

BY359—-1000 | 1300 | 1500
Repetitive peak reverse voltage VRRM max. 1000 | 1300 | 1500 \
Average forward current IE(AV) max. 6.5 A
Non-repetitive peak forward current IFSm max. 60 A
Reverse recovery time ter < 0.6 us
MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AC
o 45 o
max
1.3+
mounting
base —}
c = (see note)
I |
i |
! |
L J
' v
3.5 max 51
not tinned | | max
d ‘ 43S I
1.3+ |= min
max
(2x) K al l
L
J‘Lo.g max (2x) »|le06
— 508 e - e24

M0724

Note: The exposed metal mounting base is directly connected to the cathode.Accessories supplied on
request: see data sheets Mounting instructions and accessories for TO—220 envelopes.
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BY359 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages*

Non-repetitive peak reverse voltage
Repetitive peak reverse voltage
Crest working reverse voltage
Continuous reverse voltage

Currents

Average forward current assuming zero
switching losses
sinusoidal;
upto Tjp =94 °C

R.M.S. forward current

Repetitive peak froward current

Non-repetitive peak forward current: t = 10 ms
half sine-wave; Tj = 125 OC prior to surge;
with reapplied VRWM max

Temperatures

Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

Influence of mounting method

VRSM
VRRM

VRwWM
VR

1. Heatsink mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a. with heatsink compound

b. with heatsink compound and 0.06 mm maximum

mica insulator

c. with heatsink compound and 0.1 mm maximum

mica insulator (56369)

d. with heatsink compound and 0.25 mm maximum

alumina insulator (56367)
e. without heatsink compound

BY359—1000 | 1300 | 1500
max. 1100 | 1500 | 1650
max. 1000 | 1300 | 1500
max. 800 | 1200 | 1300
max. 600 750 800
IE(AV) max. 6.5
IF(RMS) max. 10
IERM max. 60
IESm max. 60
Tstg —40 to +150
Ti max. 125
Rthjmb = 3.0
Rthmb-h = 0.3
Rthmb-h = 1.4
Rthmb-h = 22
Rthmb-h = 0.8
Rthmb-h = 1.4

*To ensure thermal stability: Rt j.g < 10.4 OC/W for continuous reverse voltage.

<

>

ocC
ocC

oc/w

oc/wW

oc/w

oc/w

oc/w
oc/w
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Fast high-voltage rectifier diodes

BY359 SERIES

THERMAL RESISTANCE (continued)

2. Free-air operation

The quoted value of Rt j.4 should be used only
when no leads of other dissipating components run to
the same tie-point. Thermal resistance from junction
to ambient in free air: mounted on a printed-circuit
board at a = any lead length

Rth j-a = 60 oc/w

Jok:

f<—m—>

Fig.2
| 4 3
D8397
CHARACTERISTICS
Forward voltage
Ig=20 A;Tj=25°C VE < 2.3 V*
Reverse current
VR = VRWMmax: Tj = 100 °C IR < 0.6 mA
Reverse recovery when switched from
IF=2Ato VR =30V with —dIg/dt = 20 A/us; Tj=25 oC
recovered charge Qg < 2.0 uC
recovery time trr < 0.6 us
Forward recovery when switched to
IF=5Awith t, = 0.1 us; Tj = 25 °C
recovery time tfr < 1.0 us
Ie
"-90°Io
10%
Ie time
Ir - tr le
d_I_f - tfr —
dt
VF
ter
y time
prp— ‘
Y% | ~——
gh 10%o 100%% T
dt
9 | 1009 10%
7270737
Ig D8403 . ‘ -
time

Fig.3 Definition of t; and Q.

*Measured under pulse conditions to avoid excessive dissipation

Fig.4 Definition of t¢.
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BY359 SERIES

MOUNTING INSTRUCTIONS

1. The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 ©C; it must not be in contact with the joint for more than 5
seconds. Soldered joints must be at least 4.7 mm from the seal.

2. The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1.0 mm.

3. It is recommended that the circuit connection be made to the cathode tag, rather than direct to the
heatsink.

4. Mounting by means of a spring clip is the best mounting method because it offers:
a. a good thermal contact under the crystal area and slightly lower Rty mp-h values than screw
mounting;
b. safe isolation for mains operation.
However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid
damage to the plastic body.

5. For good thermal contact heatsink compound should be used between base-plate and heatsink.
Values of R¢h mp-h given for mounting with heatsink compound refer to the use of a metallic-
oxide loaded compound. Ordinary silicone grease is not recommended.

6. Rivet mounting (only possible for non-insulated mounting).

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole.
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Fast high-voltate rectifier diodes BY359 SERIES

SINUSOIDAL OPERATION

15 M10456 80
P Tmb
(w) (°c)
1.6
Z
10 \ 95
! X, \ Ay
4 AN \
2.2 AN > W
\ \ \ )o
2.8/ N © \o
/ N \'é
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N
2 N
20 N . NV
free 57 h N- ]
Lee-ai. h AN
] T4 AN
oL =Sl 125
0 5 1010 50 100 125
IF(av)(A) Tamb(°C)

Fig.5 The right-hand part shows the interrelationship between the power (derived from the left-hand

part) and the maximum permissible temperatures.
P = power including reverse current losses but excluding switching losses.

a = form factor = g (RMS)/IF(AV)-
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BY359 SERIES
150 M1048
IEsm
(A)
100
AN
AN
50 Sy
]
~
- \
e
0
10-2 10~ 1 duration(s) 10

(f =50 Hz); T; = 125 OC prior to surge; with reapplied VRwMmax-

1073
Fig.6 Maximum permissible non-repetitive peak forward current based on sinusoidal currents
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Fast high-voltage rectifier diodes BY359 SERIES

M1048
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BY359 SERIES

M1060

102

Zth j—mb
(°C/W)

10

10!

10~2 A
1074 10-3 10~2 10~ 1 10 times (s) 10

Fig.10
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MAINTENANCE TYPE BY359F—-1500

FAST HIGH-VOLTAGE, ELECTRICALLY-ISOLATED
RECTIFIER DIODES

Glass-passivated double-diffused rectifier diodes in full-pack plastic envelopes, featuring fast recovery
times. Their electrical isolation makes them ideal for mounting on a common heatsink alongside other
components without the need for additional insulators. They are intended for use as efficiency diodes
in television receivers.

QUICK REFERENCE DATA

Repetitive peak reverse voltage VRRM max. 1500 V
Average forward current IF(AV) max. 6.5 A
Non-repetitive peak forward current IEsm max. 60 A
Reverse recovery time ter < 06 wus
MECHANICAL DATA <~—10.2 max — Dimensions in mm
Fig.1 SOT-186 (full-pack) . - o b
9 5.7 max max
gé l 82 — t“— 2.9 max
t
— | S —
‘ ‘ A f
i ] 40 i = 7 7.9
A } ] 7.5
: ) . Vo
seating max
plane
3.5 max '
not tinned _ ‘*;“
o ss ||
1.5 max—>} |« min
k a ' L
G Jll«gvs 1l o 55ma
-l 113

. ler M2296

q E top view

Net mass: 2 g.
The seating plane is electrically isolated from all terminals.
Accessories supplied on request (see data sheets Mounting Instructions for F-pack devices and

Accessories for SOT-186 envelopes.
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BY359F—1500

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134).

Voltages (note 1)

Non-repetitive peak reverse voltage VRSM max. 1500 V
Repetitive peak reverse voltage VRRM max. 1500 V
Crest working reverse voltage VRWM max. 1300 V
Currents

Average forward current assuming zero
switching losses (note 2)

sinusoidal; up to T, =92 °C IE(AV) max. 65 A
RMS forward current IF(RMS) max. 10 A
Repetitive peak forward current IERM max. 60 A

Non-repetitive peak forward current
t= 10 ms; half sinewave; Tj = 125 OC prior

to surge, with reappiied VRWM max iFSM max. 60 A
Temperatures
Storage temperature Tstg —40to+150 ©°C
Junction temperature T; max. 150 ©cC
ISOLATION
Peak isolation voltage from all terminals

to external heatsink (note 1) Visol max. 1500 V
Isolation capacitance from cathode

to external heatsink (note 3) Cisol typ. 12 pF

Notes

1. Repetitive peak operation with tp <15 us, § < 0.2, at sea level with relative humidity < 65%
under clean and dust-free conditions.

2. The quoted temperatures assume heatsink compound is used.

3. Mounted without heatsink compound and with 20 newtons pressure on the centre of the envelope.
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Fast high-voltage rectifier diodes BY359F—-1500

THERMAL RESISTANCE

From junction to external heatsink with minimum
of 2 kgf (20 newtons) pressure on the centre
of the envelope,

7.2 K/wW
with heatsink compound Rthj-h = 55 K/W

without heatsink compound Rth j-h

Free-air operation

The quoted value of Ry, j-a should be used only when no leads of other dissipating components run
to the same point.

Thermal resistance from junction to ambient
in free air, mounted on a printed circuit board Rthj-a = 55 K/W

CHARACTERISTICS
Forward voltage

IF=20A;Tj=25°C VE < 2.3 v*
Reverse current
VR = VRWMmax: Tj = 100 °C IR < 0.6 mA

Reverse recovery when switched from
IF=2Ato VR =30V with —dIg/dt = 20 A/us; Tj = 25 °C

recovered charge Qg < 2.0 uC
recovery time trr < 0.6 us
Forward recovery when switched to
IF =5 Awitht,=0.1us; Tj =25 °C
recovery time tr < 1.0 us
M3104
IF
F-90%
. 710%
F Ie time
B d_IF —] tr f—
dt tf
VF r
ter
¥ time
Iy
10%
dIg 100°/%
Qs dt
l . 110%
M3103 100%
Ig ‘
time
Fig.2 Definition of t,, and Q. Fig.3 Definition of tg,.

*Measured under pulse conditions to avoid excessive dissipation
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BY359F—1500

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 °C; the heat source must not be in contact with the joint for
more than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1 mm.

Mounting by means of a spring clip is the best mounting method because it offers a good thermal
contact under the crystal area and slightly lower R, j. values than screw mounting. The force
exerted on the top of the device by the clip should be at least 2 kgf (20 newtons) to ensure good
thermal contact and must not exceed 3.5 kgf (35 newtons) to avoid damage to the device.

If screw mounting is used, it should be M3 cross-recess pan head.
Minimum torque to ensure good thermal contact: 5.5 kgf (0.55 Nm)
Maximum torque to avoid damage to the device: 8.0 kgf (0.80 Nm)

For good thermal contact, heatsink compound should be used between baseplate and heatsink.
Values of Ry j.h given for mounting with heatsink compound refer to the use of a metallic-oxide
loaded compound. Ordinary silicone grease is not recommended.

Rivet mounting,

It is not recommended to use rivets, since extensive damage could result to the plastic, which
could destroy the insulating properties of the device.

The heatsink must have a flatness in the mounting area of 0.02 mm maximum per 10 mm.
Mounting holes must be deburred.

OPERATING NOTES
The various components of junction temperature rise above ambient are illustrated in Fig.4.

junction

Rth j—h

heatsink

]Rth j—a

Rth h—a

M2284 ambient

Fig.4.

Any measurement of heatsink temperature should be immediately adjacent to the device.
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BY359F—1500

Fast high-voltage rectifier diodes

SINUSOIDAL OPERATION M3105
15 T 67.5
P Th
(W) (°c)
-+t2
. 1.6 5 2 o
4 10 >
1.9 3 &
// &\\
2.24) X %
2.8, \[\
A ﬁ
/ P
T a=4.07 AN \
5 3 122.5
N
‘?Eeab
~
: S~ N
~
NY.di 150
0 5 IFAv)(A) 10 0 100 Tamb (°C) 200

Fig.5 The right-hand part shows the interrelationship between the power (derived from the left-hand

part) and the maximum permissible temperatures.
P = power including reverse current losses but excluding switching losses.

a = form factor = I (RMS)/IF(AV)-

M1047
I
[11]
Ie d
(A) ye =l =0
Ve TH [ VE ]
15 Y-
/iy
Ly
1l
NI
10 I
M
NI
5 B
117
]
AN7/my,
Vayi
0 A Fig.6 —— Tj=25°C; — — — —T; =100 °C.
0 1 2 VE(V) 3

W ( June 1988
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BY359F—-1500
y,
M1048
10
q— = IF:SA
4~ | -
bA
QS A P .:- 2A
(#C) A 7 .’]:: -_
7 pd
a7~ - 2A
7 TT
y/ /// 171 4+ | 1A
Z AT
1 '71 — / — A
. — P — 1A
/ ,,’ o
7
/', — 25°C
/ ——100°C
/ 1/ max values
1071
1 10 102 —dlg/dt (A/us)
Fig.7.
10 T M1049
-
25°C
— — 100°C
tr max values
(us)
NS ~~
i:\ J ™~
NN N~ T NG
\\\\Q. S~
N NN~
1 — . \\ ~ ™ L
L \\Q\\\ — 1 IF5A
S ST 2A
~ 3 | 5A
N [VWEE
N 2A
1A
101
1 10 102 —dIg/dt (A/us)
Fig.8.
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BYP20 SERIES

ULTRA FAST-RECOVERY DOUBLE RECTIFIER
DIODES FEATURING LOW REVERSE LEAKAGE

Glass-passivated, high-efficiency epitaxial rectifier diodes in plastic envelopes, featuring low reverse
leakage current, low forward voltage drop, ultra fast reverse recovery times with very low stored
charge and soft recovery characteristics. They are intended for use in switched-mode power supplies
and high-frequency circuits in general, where both low conduction and low switching losses are
essential. Their single chip construction ensures excellent matching of the forward and switching
characteristics of the two halves, allowing parallel operation without the need for derating. The series
consists of common-cathode types. '

QUICK REFERENCE DATA

Per diode, unless otherwise stated BYP20-50 | 100 | 150
Repetitive peak reverse voltage VRRM max. 50 I 100 I 150 \Y
Qutput current
(both diodes conducting) lo max. 10 A
Forward voltage VE < 0.9 \Y%
Reverse recovery time trr < 30 ns
Reverse leakage current IR < 5 MA
MECHANICAL DATA 10.3 4.5 Dimensions in mm
. max ™| max
Fig.1 TO-220AB
-+ 3.7 |- 1.3 |«
[l ' v
YR, .
. % ~ ’ mounting min
= ; base —
N } 158
| | max
k | |
L—{__1 l
v _v _J v
3.5 max 51
not tinned max
! ] 1
13—+ |- min
max
(2x) l
[e}] k 02 I |
‘ ->l;!<—0_9mux(3x) > !4»0_6
— - - le2.4
2.54 254

Net mass: 2 g

MO0738

Accessories supplied on request: see data sheets Mounting instructions and accessories for TO-220

envelopes.
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BYP20 SERIES

RATINGS

Limiting values in accordance with the Apsolute Maximum System (IEC 134).

Voltages

Repetitive peak reverse voltage
Crest working reverse voltage
Continuous reverse voltage

Currents (both diodes conducting; note 1)

Output current; switching
losses negligible up to 500 kHz;
square wave; 6 = 0.5;
up to Tmp = 143 °C
sinusoidal; up to Tmpp = 150 °C
RMS forward current
Repetitive peak forward current
tp= 20 us; 6 = 0.02 (note 2)

Non-repetitive peak forward current
half sinewave; Tj = 175 OC prior to
surge; with reapplied VRwMmax (note 2)
t=10ms
t=8.3ms

121 for fusing (t = 10 ms, note 2)

Temperatures
Storage temperature

Junction temperature

Notes

VRRM

VRWM
VR

lo
IF(RMS)

[FRM

IFSm
IFSM
12t

Tstg

max.
max.

max.

max.

max.

max.

max.

max.

BYP20-50 | 100 | 150

50 | 100
50 | 100
50 | 100

150
150
150

10
10

14

80

60
75

18

—65 to +175
175

> >

oc
oC

1. The limits for both diodes apply whether both diodes conduct simultaneously or on alternate half

cycles.
2. Figures apply to each diode.
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Ultra fast-recovery double rectifier diodes

BYP20 SERIES

CHARACTERISTICS
Forward voltage
lp= 3A;Tj= 150 °C
IF= 3A;Tj= 25 oc
I[F=10A;Tj= 250C
Reverse current
VR = VRWMmax: Tj= 150 oC
Tj=100 oc
Tj= 25 oC

Reverse recovery when switched from

IF=1AtoVR =30V with —dIg/dt =100 A/us;

Tj=25 OC; recovery time

Reverse recovery when switched from
IE=1Ato VR > 30V with —dIg/dt = 50 A/us;
Tj=25 OC; recovery time
IF=2Ato VR =30V with —dIg/dt =20 A/us;
Tj = 25 OC; recovered charge
IF=10A to VR =30 V with —dI/dt =50 A/us;
Ti = 100 ©C; peak recovery current

Forward recovery when switched to I = 1 A
with dig/dt =10 A/us; Tj = 25 °C

1
F I
dIe
dt
ter
* time
1021
o
dlr 100%
Qs dt l
IRRM
Ig M1247

Fig.2 Definition of t;, Qg and IRRM-

VE

VE < 0.9 V*
VE < 1.0 V*
VE < 1.25 V*
IR < 250 uA
IR < 50 uA
IR < 5 MA
tyr < 30 ns
trr < 35 ns
Qg < 6 nC
IRRM < 1.2 A
Vir typ. 2 \"
M3092

10%

, time

Vir

*Measured under pulse conditions to avoid excessive dissipation.

Fig.3 Definition of V¢.
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BYP20 SERIES

THERMAL RESISTANCE
From junction to mounting base (both diodes conducting)

From junction to mounting base (per diode)

Influence of mounting method

1.

Heatsink-mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.
b.

e.

2.

with heatsink compound

with heatsink compound and 0.06 mm maximum mica
insulator

with heatsink compound and 0.1 mm maximum mica
insulator (56369)

with heatsink compound and 0.25 mm maximum
alumina insulator (56367)

without heatsink compound

Free-air operation

Rth j-mb
Rth j-mb

Rth mb-h
Rth mb-h
Rth mb-h

Rth mb-h
Rth mb-h

2.8
4.0

0.3

1.4

2.2

0.8
1.4

K/W
K/wW

K/W

K/W

K/W

K/W
K/W

The quoted values of R j-a should be used only when no leads of other dissipating components run
to the same tie point.

Thermal resistance from junction to ambient in free air:
mounted on a printed circuit board at any device lead
length and with copper laminate on the board

Rth j-a

60

K/W
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Ultra fast-recovery double rectifier diodes BYP20 SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; the heat source must not be in contact with the joint for
more than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1.0 mm.

Mounting by means of a spring clip is the best mounting method because it offers:

a. agood thermal contact under the crystal area and slightly lower Ry mp-h values than screw
mounting.

b. safe isolation for mains operation.

However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid

damage to the plastic body.

For good thermal contact heatsink compound should be used between mounting base and
heatsink. Values of Rth mp-h given for mounting with heatsink compound refer to the use of a
metallic-oxide loaded compound. Ordinary silicone grease is not recommended.

Rivet mounting (only possible for non-insulated mounting).

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole.

OPERATING NOTES

Dissipation and heatsink calculations

The various components of junction temperature rise above ambient are illustrated in Fig.4.

———— O junction 1 T junction 2

|

2.4 K/W 2.4 K/W 1

L J

j 1.6 K/W
mounting o j Rth j—a I:

base
Rth mb—h
heatsink O ‘
Rth h—a \
- 1
ambient
M3331

Fig.4.

Any measurement of heatsink temperature should be immediately adjacent to the device.
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BYP20 SERIES

SQUARE-WAVE OPERATION (PER DIODE)

M3332
Fig.5 Power rating per diode.
The individual power loss in each diode
10 should first be determined then both added
together. The resulting total power loss is
P then used in conjunction with Fig.6 to
(W) determine the heatsink size and corres-
ponding maximum ambient and mounting
75 14— base temperatures.
/
)4
0.5
A % T t
5 I |- 5= p
0.2 / r T
. //;/, vl Locd Lood
5=0.1 // 4/
/a 'E(AV) = F(RMS) XV8
25
AN
VA
Yy
0 |
0 2.5 5 7.5
IF(av)(A)
M3333
15 133
Ptot T
W) e
125 140
w71
— -
10 N \%3 147
\\ d\o‘
+20 A\Y
75 Nt AF 154
N X \2
N \
A \
5 N 161
\ AN
N\ \
\\‘ N
25 NEAN 168
0 175  Fig.6.
0 50 100 150 200
Tamb(°C)
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Ultra fast-recovery double rectifier diodes BYP20 SERIES

SINUSOIDAL OPERATION (PER DIODE)

M3334

6 Fig.7 Power rating per diode.

The individual power loss in each diode
1.‘57 should first be determined then both added
Ptot together. The resulting total power loss is
(W) 1.9 / then used in conjunction with Fig.6 to
determine the heatsink size and corres-
2.2 ’/ ponding maximum ambient and mounting
4 / base temperatures.
28 ///
// a= form factor = Ir(RMS)/IF(AV)
a=4 y
s/
1/
/ Y/
2
y
//
1/
0
0 25 Ipavyar ®
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BYP20 SERIES
102 M1718
\\
\\

| N N

FRM ™

(A) N

\\
N
10 -
1 10 to/T(%) 102

1
10!
Fig.8 Maximum permissible repetitive peak forward current for either square or sinusoidal currents

for 1 us< tp <1 ms; per diode.
M3335 |
15 Ir |— - 7\ 'FRM
|
i JAVERTA
If I t “_ time
(A) ‘ P
max Vg4 T M1246
1]
VV Definition of IR\ and tp/T

-~

10

5

1]

i

[/

/I Fig.9-—TJ'=25°C;———Tj=150°C;
0 L 1A per diode.
0 1 VE(V)
June 1989 ) (
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BYP21 SERIES

ULTRA FAST-RECOVERY RECTIFIER DIODES
FEATURING LOW REVERSE LEAKAGE

Glass-passivated, high-efficiency epitaxial rectifier diodes in plastic envelopes, featuring low reverse
leakage current, low forward voltage drop, ultra fast reverse recovery times, very low stored charge
and soft recovery characteristics. They are intended for use in switched-mode power supplies and
high-frequency circuits in general, where both low conduction and low switching losses are essential.
The series consists of normal polarity (cathode to mounting base) types.

QUICK REFERENCE DATA

BYP21-50 | 100 | 150 | 200

Repetitive peak reverse voltage VRRM max. 50 I 100 | 1560 | 200 V
Average forward current IF(AV) max. 8
Forward voltage VE < 0.895 \Y
Reverse recovery time trr < 25 ns
Reverse leakage current IR < 5 . uA
MECHANICAL DATA Dimensions in mm
Fig.1 TO-220AC - 03, ..
1.3+
v
) 5.9
mounting min
base —»} L
-I; , |= (see note) ¥ 158
| ] max
I |
| I J l
v 1 _J v
3.5 max 51
not tinned | | || ax
! ‘ I
1.3 |= min
max
e | | l
’ »I‘ <0.9max (2x) »| |« 0.6
—| 508 |= > - 2.4

MO0724

Net mass: 2 g
Note: The exposed metal mounting base is directly connected to the cathode.
Accessories supplied on request: see data sheets Mounting instructions and accessories for TO-220

envelopes.
W (July 1986
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BYP21 SERIES

RATINGS

Limiting values in accordance with the Absulute Maximum System (IEC 134).

| 100 | 150 | 200

Voltages

Repetitive peak reverse voltage
Crest working reverse voltage
Continuous reverse voltage

Currents

Average forward current; switching
losses negligible up to 500 kHz
square wave; § = 0.5;
up to Tpp = 160 °C

sinusoidal; up to T = 150 °C
R.M.S. forward current

Repetitive peak forward current
tp= 20 us; 6 = 0.02

Non-repetitive peak forward current
half sine-wave; Tj=175 OC prior to
surge; with reapplied VRWMmax
t=10ms

t=83ms
12t for fusing (t = 10 ms)

Temperatures
Storage temperature
Junction temperature

VRRM

VRWM
VR

IF(AV)
IF(AV)

IF(RMS)

IFRM

IFsm
IFSm
12t

Tstg

max.
max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

BYP21-50

50
50
50

100 | 150
100 | 150
100 | 150

200
200
200

9.4
1.6

175

80
100

32

—65 to +175
175

>

166
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Ultra fast-recovery rectifier diodes

THERMAL RESISTANCE
From junction to mounting base

Influence of mounting method

1.

Heatsink mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.
b.

e.

2.

with heatsink compound

with heatsink compound and 0.06 mm maximum mica
insulator

. with heatsink compound and 0.1 mm maximum mica

washer (56369)

. with heatsink compound and 0.25 mm maximum

alumina insulator (56367)

without heatsink compound

Free air operation

Rth j-mb

Rth mb-h
Rth mb-h
Rth mb-h

Rth mb-h
Rth mb-h

BYP21 SERIES

2.7

0.3

1.4

2.2

0.8
1.4

K/W

K/W

K/W

KW

K/W
K/W

The quoted values of Ryp j-a should be used only when no leads of other dissipating components run
to the same tie point.

Thermal resistance from junction to ambient in free air:
mounted on a printed circuit board at

a = any lead length

— [

'4—0’—-’

D8397

Fig.2

Rth j-a

60

K/W

W (January 1986
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BYP21 SERIES

CHARACTERISTICS
Forward voltage

Ig =8A;Tj= 100 ©°C VE < 0.895 V*
I|:=8A;Tj=25 oC VE < 1.045 V*
I|:=20A;TJ-=25°C VE < 1.15 %
Reverse current
VR = VRWMmax: Tj=175°C IR < 500 uA
Tj= 125 0C IR < 250 uA
Tj=100 oc IR < 50 uA
Tj=250C IR < 5 A
Reverse recovery when switched from
If=1Ato VR =30V with —dIg/dt = 100 A/us;
Tj=25 OC; recovery time ter < 25 ns
Step reverse recovery when switched from
IF=05AtolR=1A, measured at
IRR = 0.25 A; recovery time ter < 25 ns
Ig =2 A to VR = 30 Vwith —dIg/dt = 20 A/us;
Tj =25 OC; recovered charge Qg < 15 nC
Ig =10 A to VR =30 V with —dIg/dt = 50 A/us;
Tj = 100 OC; peak recovery current IRRM < 2 A
Forward recovery when switched to Ig =1 A
with dIg/dt = 10 A/us; Tj=25 oC Vir typ. 0.9 \)
M80—1319/3
IF
4
10%
Ie 1e time
o
dt VE
ter
§ time
[}
dls 10% Vir
aZ dt
IRRM 100 %
Ig M1247 l
time
Fig.3 Definition of t;r, Qg and IRR M- Fig.4 Definition of V.

*Measured under pulse conditions to avoid excessive dissipation.
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Ultra fast recovery rectifier diodes BYP21 SER|ES

MOUNTING INSTRUCTIONS

1. The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275°C; the heat source must not be in contact with the joint for more
than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

2. The leads should not be bent less than 2.4mm from the seal, and should be supported during
bending. The bend radius must be no less than 1.0mm.

3. Mounting by means of a spring clip is the best mounting method because it offers:
a. a good thermal contact under the crystal area and slightly lower Rth mb-h values than does
screw mounting.
b. safe isolation for mains operation.
However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid
damage to the plastic body.

4. For good thermal contact, heatsink compound should be used between mounting base and heatsink.
Values of Ry, mp-h given for mounting with heatsink compound refer to the use of a metallic oxide-

loaded cormpound. Ordinary silicone grease is not recommended.

5. Rivet mounting (only possible for non-insulated mounting).
Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole.

OPERATING NOTES
Dissipation and heatsink considerations:

a. The various components of junction temperature rise above ambient are illustrated below:

junction
Rth j-mb
mounting
base

Rth mb-h Rth j-a
heatsink

Rth h-a
DBL00 ambient

Fig.5

b. The method of using Figs.6 and 7 is as follows:
Starting with the required current on the |F(a V) axis, trace upwards to meet the appropriate duty
factor or form factor curve. Trace right horizontally and upwards from the appropriate value on
the Tamp scale. The intersection determines the Riy mp-5. The heatsink thermal resistance value
(Rth h-a) can now be calculated from:

Rth h-a = Rth mb-a — Rth mb-h-
c. Any measurement of heatsink temperature should be made immediately adjacent to the device.

\ (July 1986
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BYP21 SERIES

SQUARE-WAVE OPERATION

M2481
10 10/ N ur ,?' 148
(W) A “'{ (°c)
/ \ \\ Py
0.5 =
7.5 o[NH #A+154.75
1/ ’o\\_ L1l 2]
/ >
/ \
02|// \VA
5 [/ 161.5
5=0.1/// \ ’
NI/ \
1/ NEAWAY
/// / \ |
Se ' \
25 3, 168.25
/ X \\
N \
N B
] N N
0 N 175
0 5 10 15 20l0 100 o 200
IE(av)(A) Tamb(“C)

Fig.6 The right-hand part shows the relationship between the power (derived from the left-hand part)
and the maximum permissible temperatures. Power includes reverse current losses and switching
losses up to f = 500 kHz.

t
"|D T 5=£E
e
V| L-...: s---T

IE(Av) = IF(RMS) X V5
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Ultra fast-recovery rectifier diodes BYP21 SER'ES

SINUSOIDAL OPERATION

10 M2482

148
Ptot Tmb
(W) (°c)
7.5 e 154.75
\ @]
19 Uilicgl
22, \\ \\ \\% |
Y / ]
a=4.0 A \_,\_’06\ 2z |
NP/t o\ [\[\
( \ \\\
Se . \
2.5 B 168.25
/£ \/(‘ AVANI
N \
hUENIE
\\ B
oAl L1175
0 25 5 75 10lo 100 o 200
IF(av)(A) Tamb(°C)

Fig.7 The right-hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.

a = form factor = IF(RMS)/IF(AV)-

W (January 1986
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BYP21 SERIES
103 M2483
'FRM
(A)
102 ™
N
\\
N
10 2
10! 1 10 to/T (%) 10
Fig.8 Maximum permissible repetitive peak forward current for square or sinusoidal currents;
1 us <tp <1 ms.
M2484
i - /\
1 >
Ie ) 1 time
(A) 1WA ' p I !
typ } ” [Tmax T M1246
\Y
20 VF. l‘, F Definition of IFRMm
y / and tp/T
! ]
[ ]
T
Hi
I
10 1
p ]
|
/
Vi
717
0 raw, Fig.9———Tj=25°C;~r——Tj=100°C
0 1 VE(V) 2
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Ultra fast-recovery rectifier diodes BYP21 SER|ES

M2485 ) M2486
103 103
try =108 try =104
S
(ns) //2A (ne /]2
///1A 1A
/ /
102} ,’ 102 /
L7 —]
— ~~~~
~— I
10 10
1 1 2
1 10 —dIg/dt(A/us) 102 1 10 —dIg/dt(A/us) 10
Fig.10 Maximum tyr at Tj = 25 ocC. Fig.11 Maximum t; at Tj = 100 ©C.
M2487
103
QS
(nC)
102
1g=10A
F5A - ’
2ANNY »
oi>>24em
Zzdt
Za
10
1 Fig.12 Maximum Qg at Tj = 25 OC.
1 10 —dig/dt(A/us) 102
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BYP21 SERIES

10 M2488 10 M2489
IRRM IF=1OA\ IRRM IE=10A C
(A) 5A A 5A
2aNN | [ (A 2ANN A
1A :j: 1A /;z/
1 1
/
/(
107! 107 =A
7
V4
10-2 102
1 10 —dIg/dt(A/ps) 102 1 10 —dIp/dt(A/us) 102
Fig.13 Maximum Igg\ at Tj=250C. Fig.14 Maximum Igg at Tj = 100 °C.
102 M1459
Zthj-mb
(K/W)
10
pul
14"",
1
v,/
Rl
L1
1071
1072
1075 1074 1073 1072 107! 1 10

time (s)
Fig.15 Transient thermal impedance.
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J l BYP22 SERIES

ULTRA FAST-RECOVERY DOUBLE RECTIFIER
DIODES FEATURING LOW REVERSE LEAKAGE

Glass-passivated, high-efficiency epitaxial rectifier diodes in plastic envelopes, featuring low reverse
leakage current, low forward voltage drop, ultra fast reverse recovery times with very low stored charge
and soft recovery characteristics. They are intended for use in switched-mode power supplies and

high frequency circuits in general, where both low conduction and low switching losses are essential.

Their single chip construction ensures exceilent matching of the forward and switching characteristics

of the two halves, allowing parallel operation without the need for derating. The series consists of
common-cathode types.

QUICK REFERENCE DATA

Per diode, unless otherwise stated BYP22-50 | 100 | 150 | 200
Repetitive peak reverse voltage VRRM max. 50 I 100 | 150 l 200 V
Output current
(both diodes conducting) o max. 20 A
Forward voltage VE < 0.895 \%
Reverse recovery time tr < 25 ns
Reverse leakage current IR < 5 HA
MECHANICAL DATA 10.3 . 4.5 . Dimensionsin mm
. max max
Fig.1 TO-220AB
-+ 3.7 |- 13—+ |-
i N
y N c 28 - 5.9
31_@__87 N\ 4 mounting |- min
T F PISE T s
| | { max
k Mo758 | | |
Ll __J LJ l
' ' ~= Y
3.5 max 51
not tinned max
' | R
1.3+ [« min
max
(2x) l
aqq k [£7]
->;!<—0.9mux(3x) - 14—0_6
—»1 - - le24
2.54 254

Net mass: 2 g

M0738

Accessories supplied on request: see data sheets Mounting instructions and accessories for TO-220

envelopes.

‘ (July 1986

175



BYP22 SERIES

max.
max.
max.

BYP22-50

| 100 | 150 | 200

50
50
50

100
100

RATINGS

Limiting values in accordance with the Absulute Maximum System (IEC 134).
Voltages

Repetitive peak reverse voltage VRRM

Crest working reverse voltage VRWM

Continuous reverse voltage VR

Currents (both diodes conducting; note 1)

Output current; switching
losses negligible up to 500 kHz;
square wave; § = 0.5;

up to Tjyp = 150 °C lo

square wave; § = 0.5;

up to Tjpp = 143 0C o

sinusoidal; up to Ty = 150 °C o
R.M.S. forward current IF(RMS)

Repetitive peak forward current
tp = 20 us; § = 0.02 (note 2) IFRM

Non-repetitive peak forward current
half sine-wave; Tj =175 OC prior to
surge; with reapplied VRypmax. (note 2)

t=10ms IFSm
t=8.3ms IFsm
12t for fusing (t = 10 ms; note 2) 12t
Temperatures
Storage temperature Tstg
Junction temperature Ti
Notes

max.

max.

max.

max.

max.

max.

max.

max.

100

150
150
150

200
200
200

16

20
16

20

230

140
150

98

—65 to +175
175

<

>

ocC
ocC

1. The limits for both diodes apply whether both diodes conduct simultaneously or on alternate half

cycles.
2. Figures apply to each diode.
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Ultra fast-recovery double rectifier diodes

THERMAL RESISTANCE
From junction to mounting base; total package

per diode

Influence of mounting method

1.

Heatsink mounted with clip (see mounting instructions)

Thermal resistance from mounting base to heatsink

a.
b.

e.

2.

with heatsink compound

with heatsink compound and 0.06 mm maximum mica
insulator

. with heatsink compound and 0.1 mm maximum mica

washer (56369)

with heatsink compound and 0.25 mm maximum
alumina insulator (56367)

without heatsink compound

Free air operation

Rth j-mb
Rth j-mb

Rth mb-h
Rth mb-h
Rth mb-h

Rth mb-h
Rth mb-h

BYP22 SERIES

1.6
24

0.3

1.4

2.2

0.8
1.4

K/W
K/W

K/W

K/W

K/W

K/W
K/W

The quoted values of R¢p j-a should be used only when no leads of other dissipating components run
to the same tie point.

Thermal resistance from junction to ambient in free air:
mounted on a printed circuit board at any lead length

Rthj-a

60

K/W

W (January 1986
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BYP22 SERIES

CHARACTERISTICS

Forward voltage
|F=8A;Tj= 100 ©C
IF=8A;Tj=250C
I|:=20A;Tj=25°C

Reverse current
VR = VRWMmax; Tj= 175 oC

Tj= 125 °C
Tj=1000°C
Tj=25 oC

Reverse recovery when switched from
IF=1Ato VR =30V with —dIg/dt = 100 A/us;
Tj=25 OC; recovery time

Step reverse recovery when switched from
IF=05Atolg=1A, measured at
IRR = 0.25 A; recovery time
IF=2Ato VR =30V with —dIg/dt =20 A/us;
Tj=25 OC; recovered charge
IF=10Ato VR =30 V with —dIg/dt =50 A/us;
Tj = 100 OC; peak recovery current

Forward recovery when switched to If = 1 A
with dlg/dt = 10 A/us; Tj = 25 °C

1
F 1
dIf

dt

¢ time

dlg 10%

Qs dt
RRM

Ig M1247

Fig.2 Definition of t,r, Qg and IRRM-

VE < 0.895 V*
VE < 0.975 V*
VE < 1.15 V*
IR < 500 uA
IR < 250 uA
IR < 50 nA
IR < 5 MA
ter < 25 ns
ter < 25 ns
Qq < 15 nC
IRRM < 2 A
Vir typ. 0.9 \
M80-1319/3
/
j 10%
time
Vir
100%
time

Fig.3 Definition of V.

*Measured under pulse conditions to avoid excessive dissipation.
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Ultra fast-recovery double rectifier diodes BYP22 SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; the heat source must not be in contact with the joint for
more than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1.0 mm.

Mounting by means of a spring clip is the best mounting method because it offers:
a. agood thermal contact under the crystal area and slightly lower Rt mp-h values than does
screw mounting.

b. safe isolation for mains operation.

However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid
damage to the plastic body.

For good thermal contact heatsink compound should be used between mou nting base and
heatsink. Values of Rth mp-h given for mounting with heatsink compound refer to the use of a
metallic-oxide loaded compound. Ordinary silicone grease is not recommended.

Rivet mounting (only possible for non-insulated mounting).

Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole.

OPERATING NOTES
Dissipation and heatsink considerations:

The various components of junction temperature rise above ambient are illustrated below:

—— ¢ iunction 1 junction 2
_ —_
1.6K/W 1.6K/W {
Rth j—mb . |
! |
0.8K/W
mounting o, T Rih i
base 1 -2

Rth mb—h
heatsink O Ij. i
Rth h—a I
ambient M2448

Fig.4

Any measurement of heatsink temperature should be made immediately adjacent to the device.
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BYP22 SERIES

SQUARE-WAVE OPERATION (PER DIODE)
M2449

15 T Fig.5 Power rating per diode.
1.0 The individual power loss in each diode
should first be determined then both added
Piot together. The resulting total power loss is
(W) then used in conjunction with Fig.6 to
y determine the heatsink size and corres-
0.5 / ponding maximum ambient and mounting
10 [' I' base temperatures.
4
/ | ﬂtp T ¢
0.2/ ’ [— r ==+
) 4
— 5= 0.1 vl L.dLoad
° / 'e(AV) = IF(RMS) XV'8
Power includes reverse current losses
[ | and switching losses up to f = 500 kHz
/
0
0 10 'F(AV)(A) 20
M2450
30 3] 127
\ \>
N \3
Po—.o A % O: TmI-.
wi \ ‘ ‘ & v
w) [TX é N (°c)
=~
(S
\"1 2
20 - \ ' 143
&)
\
N 3 \
N \\
o \
\
\ \
10 159
NI\
A \
frse.a'l \\\\
i N
0 "~§ 175 Fig.6
0 - 100 Tamb(°C) 200

180 January 1986\ ’



Ultra fast-recovery double rectifier diodes

BYP22 SERIES

SINUSOIDAL OPERATION (PER DIODE)

15

Ptot
(W)

10

M2451
1.57
/.
1.9/
2.2
2844/
/,
Y X7
4.10 /
/!
=
5 'F(AV)(A) 10

Fig.7 Power rating per diode.

The individual power loss in each diode
should first be determined then both added
together. The resuliting total power loss is
then used in conjunction with Fig.6 to
determine the heatsink size and corres-
ponding maximum ambient and mounting
base temepratures.

a = form factor = IF(RmS)/IF(AV)
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BYP22 SERIES

103 M2452
lERM

(A)

102

N
N\
N\
N
N
10
101 1 10 to/T(%)

Fig.8 Maximum permissible repetitive peak forward current for either square or sinusoidal currents
for 1 /.zs<tp<1 ms.

30

Ir
(A)

20

10

M2453

o Y

Pt

=
[ == .-

—t—

1™ | St - of

e,

.

~L
-

1

VF(V)

2

-
gl

NRM
-

~
hel
—

M1246

Definition of IFR\ and tp/T.

Fig.9 — Tj=250C; - — — Tj =100 °C.

per diode.
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Ultra

fast-recovery double rectifier diodes

103

rr
(ns)

102

10

M 2485
IF=10A
¢ 5A
//2A
/&
VA A l/
17 7
yA
NS
NN
NN
1 10 —dIg/dt(A/ps) 102

Fig.10 Maximum t at Tj = 25 oC.

M2487
103
O'S
(nC)
102
1-=10A
FsaN
2AN T LA
o225
/
Zzail
10 =
L 2
1 10 —dIp/dt(A/us) 10

103

144
(ns)

102

10

l LBYPZQ SERIES

M2486
|F=10A
¢ 5A
/72
1A
/
1 10 —dIg/dt(A/ps) 102

Fig.11 Maximum t;r at Tj = 100 ©C.

Fig.12 Maximum Qg at Tj = 25 °C.

' ﬁanuary 1986
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BYP22 SERIES

10 M2488 10 M 2489
'RRM 'F=1gﬁ\ 'RRM 1F=10A\
(A) (A) 5A
2AN) ) 22NN A
1A /25: 1A /5//’
1 1
/]
/(
-1 -1 A
10 10 7
Ve
y 4
10—2 10-2
1 10 —dIg/dt(A/ps) 102 1 10 —dIg/dt(A/ps) 102
Fig.13 Maximum IRR M at Tj = 25 ©C. Fig.14 Maximum IRRp\ at Tj = 100 °C.
M1257
Zth j—mb
(K/W)
10
-n/—
1 ==
>
/
4
10~ 1
102
10-5 10—4 10-3 10—2 10! 1 time(s) 10

Fig.15 Transient thermal impedance; one diode conducting.
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BYQ27 SERIES

ULTRA FAST-RECOVERY DOUBLE RECTIFIER DIODES

Glass-passivated, high-efficiency double rectifier diodes in plastic envelopes, featuring low forward
voltage drop, ultra fast reverse recovery times and soft recovery characteristic. They are intended for
use in switched-mode power supplies and high-frequency circuits in general, where both low conduction
losses and low switching losses are essential. Their single chip (monolithic) construction ensures
excellent matching of the forward and switching characteristics of the two halves, allowing parallel
operation without the need for derating. The series consists of common cathode types.

QUICK REFERENCE DATA

Per diode, unless otherwise stated BYQ27-50 | 100 | 150 | 200
Repetitive peak reverse voltage VRRM max. 50 | 100 | 150 | 200 \
Output current

(both diodes conducting) o max. 10 A
Forward voltage VE < 0.85 \
Reverse recovery time ter < 20 ns
MECHANICAL DATA Dimensions in mm
Fig.1SOT-82. o 28 o
cathode connected 2,3

to metal part of
mounting surface

81 32

*Within this region the cross-section of the leads is uncontrolled.

Net mass: 2 g

4/

2,54
max

< 78 _,
max

l

3,75

n
1
L
! 32 }__ |
' ’
! i * 11
| A max
[i
— ‘4—1’2 T
15,3
min
i a1l kljasli l
! , M3063
—»>| - > e Jzysz—
0,5 0,88
max

Accessories supplied on request: see data sheets Mounting instructions and accessories for SOT-82

envelopes.

) ( June 1988
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BYQ27 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).
BYQ27-50 | 100|150 | 200

Voltages (per diode)
Repetitive peak reverse voltage
Crest working reverse voltage
Continuous reverse voltage

Currents (both diodes conducting; note 1)

Output current; switching losses

negligible up to 500 kHz;

square wave; § = 0.5;up to Tpp = 120 °C
sinusoidal; up to Tmp = 118 °C

R.M.S. forward current

Repetitive peak forward current
tp= 20 us, 6 = 0.02 (per diode)
Non-repetitive peak forward current (per diode)
half sine-wave; Tj=150 OC prior to
surge; with reapplied VRWM max

t=10ms
t=8.3ms

12t for fusing (t = 10 ms, per diode)

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base (both diodes conducting)

From junction to mounting base (per diode)

Influence of mounting method

1. Heatsink-mounted with clip (see mounting instructions)
Thermal resistance from mounting base to heatsink

a. with heatsink compound

b. with heatsink compound and 0.06 mm maximum mica

insulator (56354)

c. without heatsink compound

2. Free air operation

VRRM max.
VRwWM max.
VR max.
lo max.
lo max.
IF(RMS) max.
IFRM max.
IFsm max.
lFsm max.
12t max.
Tstg

Tj max.
Rth j-mb
Rthj-mb =
Rth mb-h =
Rth mb-h =
Rth mb-h =

50 | 100|150 | 200 V
501 100|150 | 200 V
50| 100|150 | 200 V

10 A
10 A
14 A
80 A
50 A
60 A
125 Als
—40 to +150 oc
150 oC
3.0 K/W
45 K/W
0.3 K/W
1.4 K/W
1.4 K/W

The quoted value of R i-a should be used only when no leads of other dissipating components run td

the same tie point.

Thermal resistance from junction to ambient in free air:
mounted on a printed circuit board at any device lead
length and with copper laminate on the board

Notes:

R'chj-a

100 K/W

1. The limits for both diodes apply whether both diodes conduct simultaneously or on alternate half

cycles.
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Ultra fast recovery double rectifier diodes BYQZ? SERIES

CHARACTERISTICS (per diode)

Forward voltage

IF= 5A;Tj=150 oc VE < 0.85 v*

I[F=10A;Tj= 25°C VE < 1.25 V* e-—
Reverse current

VR = VRWM max: Tj= 100 °C IR < 0.2 mA

VR =VRWM max: Tj= 25°C IR < 10 MA

Reverse recovery when switched from
IE=1AtoVR =30V with —dIg/dt= 100 A/us; Tj =250C

recovery time trr < 20 ns
IF=2AtoVR =30V with —dlg/dt =20 A/us; Tj=25 oC

recovered charge Qg < 5.5 nC
IF=5AtoVR =30V with —dlg/dt =50 A/pus; Tj=25 oC

peak recovery current IRRM < 0.7 A

Forward recovery when switched to Ig = 1 A
with dIg/dt = 10 A/us; Tj = 256 °C

recovery voltage Vir typ. 1.0 \
M80—1319/3
IF
10%
time
1
F I
dIe !
<3 VF
tee
4 time
[} T Vfr
dl 10%
=R 100%
as dt ) 100 %
'RRM ¢ :
Ig M1247 time
Fig.2 Definition of t, Qg and IRRM- Fig.3 Definition of V¢;.

*Measured under pulse conditions to avoid excessive dissipation.
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BYQ27 SERIES

MOUNTING INSTRUCTIONS

1. The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; the heat source must not be in contact with the joint for more
than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

2. The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1.0 mm.

3. Mounting by means of a spring clip is recommended.

For good thermal contact heatsink compound should be used between mounting base and heatsink.
Values of Rijy mp-h given for mounting with heatsink compound refer to the use of a metallic-oxide
loaded compound. Ordinary silicone grease is not recommended.

5. Body mounting.
A SOT-82 envelope can be adhesive-mounted or soldered into a hybrid circuit.
For soldering, a copper plate or an anodized aluminium plate with copper layer is recommended.
When adhesive mounting is applied also a ceramic substrate may be used.

OPERATING NOTES

Dissipation and heatsink calculations.

The various components of junction temperature rise above ambient are illustrated in Fig.4.

T junction 1 junction 2
3.0K/W 3.0K/W
Rth j—mb
1.6K/W
mounting o y Reh j—a []
base
Rth mb—h
heatsink O
Rth h—a
J
ambient M3048
Fig.4.

Any measurement of heatsink temperature should be made immediately adjacent to the device.
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Ultra fast recovery double rectifier diodes

BYQ27 SERIES

SQUARE-WAVE OPERATION (PER DIODE)

7.5 M1716
Piot 0
(W) /
0.5
5.0 //
0.2 / /
[~
//
5=0.1, ////
2.5 9
0
0 5 lF(AV)(A) 10
M3073
20 90
Ptot Tmb
(W) (°c)
15 105
)
NN\
36\
10 & 120
AN ANANVS
ANENA G\
J0
N A ]
5 N 2 \\ \ 135
N\
™ - \\\
NN
0 150
0 50 100 150
Tamb(oc)

Fig.5 Power rating per diode.

The individual power loss in each diode
should first be determined then both added
together. The resulting total power loss is
then used in conjunction with Fig.6 to
determine the heatsink size and corres-
ponding maximum ambient and mounting
base temperatures.

' T t
)= 5 p
T L
vl Lead Lood
'F(av) = 'F(RMS) XV

Fig.6.
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BYQ27 SERIES

SINUSOIDAL OPERATION (PER DIODE)

Piot
(W)

|
1.57
19, /
22, [ /
1/
2.8/ //
a=a0| [ f//
//
107
/4
/,
25 Igay)(A) 5

Fig.7 Power rating per diode.

The individual power loss in each diode
should first be determined then both added
together. The resulting total power loss is
then used in conjunction with Fig.6 to
determine the heatsink size and corres-
ponding maximum ambient and mounting
base temperatures.

a = form factor = If(RMS)/IF(AV)
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Ultra fast recovery double rectifier diodes

BYQ27 SERIES

102 M3052
N
pN
'FRM N
(A) N
N
10 \
AN
N
1
1 10 to/T(%) 102

101

Fig.8 Maximum permissible repetitive peak forward current for either square or sinusoidal currents

for 1 us < tp < 1 ms; per diode.

M1719
15 T AT 7\ 'FRM
, A
} 1 p
IE T { tp "_ time
(A) typ -4 max
Vg 1+ VE T M1246
L =
10 \l - / Definition of IR and tp/T
1
/]
11
L I
I
5 1
I
l
AN
b
0 LA Fig.9 — T;=25°C; — — —Tj=150°C
0 1 VE W) 2 per diode.
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BYQ27 SERIES
/ \_
M1720 M1721
108 108
tey tr
(ns) (ns)
|F=5A
1A
102 — 102 S— 1/1'
— TF=5A 7
—~ 1A = A —
i~ 4 e e
N 75 ~
— ““-
TN
10 10
1 2 1 2
1 10 —d|F/dt(A/ps) 10 1 10 —dIF/dt(A/#s) 10
Fig.10 Maximum t,r at Tj = 25 °C. Fig.11 Maximum t, at Tj = 100 °C.
M1722
102
Qq
(nC)
-
Ig=5A A
F v
1A N
10 -

/
/

Fig.12 Maximum Qg at Tj = 25 oC.

107! /
1 10 —dIg/dt(A/us) 102
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Ultra fast recovery double rectifier diodes BYQ27 SERIES
10 M1723 10 M3066
IRRM |
(A) RRM
(A) L
Iz =5A 7’
F NP %
1 g 1 1A LA
IF—5A —Z
1AHGF v -
/ ,//
1,// Va
V Vit
y
A . 7
10" 4 10-1 A
V4
v 4
Y, //
// //
7 /
/ d
/
10-2 2 10_2
Fig.13 Maximum IR at Tj = 25 °C. Fig.14 Maximum IgRp; at Tj = 100 °C.
M3053
102
Zth j—mb
(K/W)
10
4"—
1 il
z
7
L
T
10—1
10-2
10-5 10-4 10~3 10-2 101 1 time(s) 10

Fig.15 One diode conducting.
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BYQ28 SERIES

ULTRA FAST RECOVERY DOUBLE RECTIFIER DIODES

Glass-passivated, high-efficiency double rectifier diodes in plastic envelopes, featuring low forward
voltage drop, ultra fast reverse recovery times and soft recovery characteristic. They are intended for
use in switched-mode power supplies and high-frequency circuits in general, where both low
conduction losses and low switching losses are essential. Their single chip (monolithic) construction
ensures excellent matching of the forward and switching characteristics of the two halves, allowing
parallel operation without the need for derating. The series consists of common cathode types.

QUICK REFERENCE DATA

Per diode, unless otherwise stated BYQ28-50 | 100 | 150 | 200
Repetitive peak reverse voltage VRRM max. 50 100 150 200 \%
Output current

(both diodes conducting) lo max. 10 A
Forward voltage VE < 0.85 \
Reverse recovery time ter < 20 ns
MECHANICAL DATA 45 Dimensions in mm

- e
Fig.TO-220AB max
1.3 |-
\ '
mounting
M 2 base
k M0768 ]
Y v
3.5 max 51
not tlr;ned i max
‘ i 15
1.3+ min
max
(2x) 1| i
q o] 11 I
| _JiL-O.QmuxBx) »| <06
4+ e - le24
2.54 254
MO0738

Net mass: 2 g

Note: the exposed metal mounting base is directly connected to the common cathode.
Accessories supplied on request: see data sheets Mounting Instructions and accessories for TO-220

envelopes.
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BYQ28 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).

Voltages (per diode)
Repetitive peak reverse voltage
Crest working reverse voltage
Continuous reverse voltage

Currents (both diodes conducting; note 1)

Output current; switching losses
negligible up to 500 kHz;
square wave; & = 0.5; up to Ty = 128 OC
sinusoidal; up to Tyyp = 130 ©°C

R.M.S. forward current

Repetitive peak forward current
tp = 20 us, 6 = 0.02 (per diode)
Non-repetitive peak forward current (per diode)
half sine-wave; Tj = 150 OC prior to
surge; with reapplied VRWM max

t=10ms
't=8.3ms

12t for fusing (t = 10 ms, per diode)

Temperatures

Storage temeprature
Junction temperature

Notes:

VRRM

VRWM
VR

lo
lo
IF(RMS)

IFRM

IFsm
IFsSm
12¢

Tstg

BYQ28-50 | 100 | 150 | 200

max.
max.

max.

max.
max.

max.

max.

max.
max.

max.

max.

50 | 100 | 150
50 | 100 | 150
50 | 100 | 150

10
10

14

80

50
60

12.5

—40 to +150
150

> >

AZs

oC
oC

1. The limits for both diodes apply whether both diodes conduct simultaneously or on alternate half

cycles.
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Ultra fast recovery double rectifier diodes

CHARACTERISTICS (per diode)

Forward voltage
IF= 5A;Tj= 150 °C
Ig = 10A;Tj= 25 0C
Reverse current
VR = VRWM max: Tj= 100 oC
VR = VRWM max: Tj=25 °C

Reverse recovery when switched from

[F=1Ato VR >30V with —dlg/dt = 100 A/us; Tj= 25 °C

recovery time

IF=2AtoVR>30V with —dig/dt= 20 A/us; Tj=25°C

recovered charge

IF=5AtoVR>30V with —dIF/dt=50 A/ps; Tj =25 oc

peak recovery current

Forward recovery when switched to I = 1A
with dIg/dt= 10 A/us; Tj=25 oC
recovery voltage

I
F 1
dIge
dt
ter
y time
[}
dlg 10 %0
Qs dt
'RRM
Ig mM1247

Fig.2 Definition of t, Qg and IRRM-

*Measured under pulse conditions to avoid excessive dissipation.

VF

VE
VE

IR

IRRM

Vir

BYQ28 SERIES

< 0.85 v*
< 1.25 V* -

< 0.2 mA

< 10 uA

< 20 ns

< 5.5 nC

< 0.7 A -

typ. 1.0 \%

M80—1319/3
10%
time
Vir
100 %

time

Fig.3 Definition of V¢,.
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BYQ28 SERIES

THERMAL RESISTANCE
From junction to mounting base (both diodes conducting)
From junction to mounting base (per diode)

Influence of mounting method

1. Heatsink-mounted with clip (see mounting instructions)
Thermal resistance from mounting base to heatsink

a. with heatsink compound

b. with heatsink compound and 0.06 mm maximum mica
insulator

c. with heatsink compound and 0.1 mm maximum mica
insulator (56369)

d. with heatsink compound and 0.25 mm maximum
alumina insulator (56367)

e. without heatsink compound

2. Free air operation

Rth j-mb
Rth j-mb

Rth mb-h
Rth mb-h
Rth mb-h

Rth mb-h
Rth mb-h

2.2
3.0

0.3

1.4

2.2

0.8
1.4

K/W
K/W

K/W

K/W

K/W

K/W
K/W

The quoted values of Ryp, j-a should be used only when no leads of other dissipating components run

to the same tie point.

Thermal resistance from junction to ambient in free air:
mounted on a printed circuit board at any device lead
length and with copper laminate on the board

Rth j-a

60

K/W
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BYQ28 SERIES

MOUNTING INSTRUCTIONS

1.

The device may be soldered directly into the circuit, but the maximum permissible temperature of
the soldering iron or bath is 275 OC; the heat source must not be in contact with the joint for
more than 5 seconds. Soldered joints must be at least 4.7 mm from the seal.

The leads should not be bent less than 2.4 mm from the seal, and should be supported during
bending. The bend radius must be no less than 1.0 mm.

Mounting by means of a spring clip is the best mounting method because it offers:

a. agood thermal contact under the crystal area and slightly lower Rt mp-h values than does
screw mounting.

b. safe isolation for mains operation.

However, if a screw is used, it should be M3 cross-recess pan head. Care should be taken to avoid
damage to the plastic body.

For good thermal contact heatsink compound should be used between mounting base and
heatsink. Values of R{h mp-h given for mounting with heatsink compound refer to the use of a
metallic-oxide loaded compound. Ordinary silicone grease is not recommended.

Rivet mounting (only possible for non-insulated mounting).
Devices may be rivetted to flat heatsinks; such a process must neither deform the mounting tab,
nor enlarge the mounting hole.

OPERATING NOTES

Dissipation and heatsink calculations

The various components of junction temperature rise above ambient are illustrated in Fig.4,

T junction 1 T junction 2
1.6K/W 1.6K/W |
[=] .
"'th j—mb l
1.4K/W
mounting T R.p
base ’I thj—a []
Rth mb—h
heatsink O— }:
Rth h—a |
—_ e 1
ambient M1732

Fig.4.

Any measurement of heatsink temperature should be made immediately adjacent to the device.
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BYQ28 SERIES

SQUARE-WAVE OPERATION (PER DIODE)

M1716
7.5 Fig.5b Power rating per diode.
The individual power loss in each diode
should first be determined then both added
Piot 1.0 together. The resulting total power loss is
(W) / then used in conjunction with Fig.6 to
/ determine the heatsink size and corres-
0.5 /l ponding maximum ambient and mounting
5.0 . / base temperatures.
y
0.2 |//
Y
/l/ t
=01 1 ) mT
R/ e
/ Vl - HE
/ '(av) = lF(RMS) X V8
0
0 5 IF(AV)(A) 10
M1715
20 106
Ptot Tmb
(w) (°c)
15 117
%
N 36
\\ \
10 \g \:%_ 128
N\ 2
= \\‘ ‘\\ N
5 N, 20 N \\\ 139
N
N \\ N
N
0 150 Fig.6
0 50 100 150
o
Tamb(“C)

200

July 198(3 (



Ultra fast recovery double rectifier diodes

BYQ28 SERIES

SINUSOIDAL OPERATION (PER DIODE)

6 M‘ll7‘|7
1.57
P, /
W) 19, ’
2.2'1 / /
. 1/
28/\/f
a=a0| Y L//
//
[V N
2 /
/,
0 4] 2.5 IF(AV)(A) 5

Fig.7 Power rating per diode.

The individual power loss in each diode
should first be determined then both added
together. The resulting total power loss is
then used in conjunction with Fig.6 to
determine the heatsink size and corres-
ponding maximum ambient and mounting
base temperatures.

a = form factor = IF(RMS)/IF(AV)

' (July 1986
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BYQ28 SERIES

M1718
102
\\
\\‘
N
IFRM ™
(A)
\\
10 i
1 2
10! 1 10 to/T(%) 10

Fig.8 Maximum permissible repetitive peak forward current for either square or sinusoidal currents
for 1 us <ty < 1ms; per diode.

M1719
15 T IF — —7\ |FF(M
4 ANA
} 1 L v v
Ig T 1 t time
(A) typJd 1 U Tmax l p I<—
VE 4 VE T M1246
T 2 o
10 NE= | Definition of IFg and tp/T
LW
I
1
— T
1}
!
. 1
5 #—Hf
T
1]
ANE/
I
/
7 Fig.9 —— Tj=250°C; — — — Tj= 150 °C
0 per diode.
0 1 VE(V) 2
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Ultra fast recovery double rectifier diodes. BYQ28 SERIES
M1720 M1721
103 103
ter ter
(ns) (ns)
|F=5A
102 s 102 ey LA
o r 'F=bA Z 7
\“ i~ 1A . 1
N i 74 e~ i
o Bae
\\~~.
10 10
1 2 1 2
1 10 —dIF/dt(A//.LS) 10 1 10 ——dIF/dt(A/us) 10

Fig.10 Maximum t, at Tj = 25 OC. Fig.11 Maximum t, at Tj = 100 °C.

102 M1722
QS
(nC)
1
IF=8A L | AT
1A NA
10

. 10 —aI=/dtAus) 102 Fig.12 Maximum Qg at Tj = 25 ocC.
—diF
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BYQ28 SERIES

10 M1723 10 M3066
IRRM |
A) RRM
( (A) Py
lg =B6A %
F A
1 . 1 1A 74
|F=5A I,
1A —
Z 77
’/
4
,// ,;7
) vl
—1
10 10"1 II /
y 4
7, ///
y/.4 7/
P Y/
Wi 4
4
_ 2
10~2 , 10
! 10 —dig/dt(A/us) 10 1 10 —dIg/dt(A/ps) 102
Fig.13 Maximum IgR\ at Tj = 25 °C Fig.14 Maximum IggM at Tj = 100 °C;
102 M1725
Zth j—mb
{(K/W)
10
f—
el
1
Pet
>
10~1! ,'/
10~2
10-5 10—4 10-3 10-2 10~1 1 time(s) 10

Fig.15 One diode conducting.

204 June 198ﬂ '



BYQ28F SERIES

ULTRA FAST-RECOVERY ELECTRICALLY-ISOLATED
DOUBLE RECTIFIER DIODES

Glass-passivated, high-efficiency epitaxial double rectifier diodes in SOT-186 (full-pack) plastic
envelopes, featuring low forward voltage drop, very fast reverse recovery times and soft-recovery
characteristic. Their electrical isolation makes them ideal for mounting on a common heatsink
along-side other components without the need for additionai insuiators. They are intended for use in
switched-mode power supplies and high-frequency circuits in general, where both low conduction and
switching losses are essential. Their single chip construction ensures excellent matching of the forward
and switching characteristics of the two halves, allowing parallel operation without the need for
derating. The series consists of common cathode types.

QUICK REFERENCE DATA

Per diode, unless otherwise stated BYQ28F-50 | 100 | 150 | 200
Repetitive peak reverse voltage VRRM max. 50 | 100 | 150 , 200 V
Output current
(both diodes conducting) Te) max. 10 A
Forward voltage VE < 0.85 \Y,
Reverse recovery time trr < 20 ns
MECHANICAL DATA <= 10.2max—| Dimensions in mm
Fig.1 SOT-186 (full-pack) ~{5.7 max(~ | max [~
32, 0.9
30 l’ 0.5 - 1“23 max
| v
‘ T
X | L0 B 7?9
f 1| 75
} seating Vo
plane— max
1(aq) 3(ag) I
! . '
nc?fs‘(f)lr]\:d_ _ La
2 s 1.5 max—! ( :,?IE
10 2] 3|
|
—+H<»“~>|: -—gg 14> l«— 0,55 max
-»‘ <— —l |13
— | — M2295
ﬂ E ! top view

Net mass: 2 g.

The seating plane is electrically isolated from all terminals.
Accessories supplied on request (see data sheets Mounting instructions for F-pack devices and

Accessories for SOT-186 envelopes).

l ( June 1988
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BYQ28F SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).

BYQ28F-50 | 100 | 150 | 200

Voltages (per diode)

Repetitive peak reverse voltage

Crest working reverse voltage
Continuous reverse voltage (see note 1)

Currents (see notes 2 and 3)

Output current, switching losses
negligible up to 500 kHz
square wave; § = 0.5; up to T, =93 °C
sinusoidal; up to T = 96 °C

R.M.S forward current

Repetitive peak forward current
tp= 20 us, 6 = 0.02 (per diode)

Non-repetitive peak forward current
half sinewave; Tj = 150 OC prior to
surge; with reapplied VRWM max:
t= 10 ms (per diode)

t = 8.3 ms (per diode)

12t for fusing (t = 10 ms; per diode)
Temperatures

Storage temperature

Junction temperature

ISOLATION

Voitage aiiowed between aii terminais

and external heatsink, peak value (note 4)

Insulation capacitance between
all terminals and external heatsink

Notes

VRRM

VRWM
VR

o
o
IF(RMS)

IFRM

IFsm
IFSm
12t

Tstg

Visol

Cisol

1. To ensure thermal stability: R j.g <6.3K/W.
2. The limits for both diodes apply whether both diodes conduct simultaneously or on alternate half

cycles.

max.
max.
max.

max.
max.
max.

max.

max.
max.

max.

max.

max.

typ.

3. The quoted temperatures assume heatsink compound is used.

4. Repetitive peak operation with relative humidity < 65% under clean and dust-free conditions.

50 100 | 150 {200
50 100 | 150 |200
50 100 | 150 |200

10
10
14

80

50
60

12.5

—40 to +150
150

1500

12

oc
oc

pF
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Ultra fast-recovery, isolated double rectifier diodes

BYQ28F SERIES

THERMAL RESISTANCE

From junction to external heatsink with minimum
of 2 kgf (20 newtons) pressure on the centre

of the envelope,

total package:

without heatsink compound
with heatsink compound

Free-air operation

Rth j-h = 6.7 K/W
Rth j-h = 5.7 K/W

The quoted value of Rty i-a should be used only when no leads of other dissipating components run

to the same point.

Thermal resistance from junction to ambient
in free air, device mounted on a printed
circuit board

CHARACTERISTICS (per diode)
Forward voltage
IF=5A;Tj =1500C
IF=10A;T;= 25 °C
Reverse current
VR = VRWM max: Tj = 100 °C
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