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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.

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

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

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

Powp

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 (R¢p j-mb > 15 °C/W)

TRANSISTOR; power, audio frequency (R j.mp < 15 °C/W)

DIODE; tunnel

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

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

TRANSISTOR; power, high frequency (R¢h j.mpb < 15 ©C/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 (Ryp j.mb > 15 °C/W)
TRANSISTOR; low power, switching (Rthj-mb > 15 0C/W)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, power (R¢p j.mp < 15 °C/W)
TRANSISTOR; power, switching (R¢p, j.mp < 15 °C/W)

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

DIODE; rectifying, booster

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

NXXCHYPPPZrIOIMOUO®>
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TYPE
DESIGNATION

SERIAL NUMBER

Three figures, running from 100 to 999, for devices primarily intended for consumer equipment.
One letter (2, Y, X, etc.) and two figures, running from 10 to 99, for devices primarily intended for
industrial/professional equipment.

This letter has no fixed meaning except W, which is used for transient suppressor diodes.

VERSION LETTER

It indicates a minor variant of the basic type either electrically or mechanically. The letter never has a
fixed meaning, except letter R, indicating reverse voltage, e.g. collector to case or anode to stud.

SUFFIX

Sub-classification can be used for devices supplied in a wide range of variants called associated types.
Following sub-coding suffixes are in use:

1. VOLTAGE REFERENCE and VOLTAGE REGULATOR DIODES: ONE LETTER and ONE
NUMBER
The LETTER indicates the nominal tolerance of the Zener (regulation, working or reference) voltage
A. 1% {according to |EC 63: series E96)
B. 2% {according to |EC 63: series E48)
C. 5% (according to |EC 63: series E24)
D. 10% (according to |EC 63: series E12)
E. 20% (according to IEC 63: series E6)
The number denotes the typical operating (Zener) voltage related to the nominal current rating for
the whole range.
The letter 'V’ is used instead of the decimal point.

2. TRANSIENT SUPPRESSOR DIODES: ONE NUMBER
The NUMBER indicates the maximum recommended continuous reversed (stand-off) voltage VR. The
letter ‘V’ is used as above.

3. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS:
ONE NUMBER
The NUMBER indicates the rated maximum repetitive peak reverse voltage (VRRgm) or the rated
repetitive peak off-state voltage (VpRm). whichever is the lower. Reversed polarity is indicated by
letter R, immediately after the number.

4. RADIATION DETECTORS: ONE NUMBER, preceded by a hyphen (—)
The NUMBER indicates the depletion layer in um. The resolution is indicated by a version LETTER.

5. ARRAY OF RADIATION DETECTORS and GENERATORS: ONE NUMBER, preceded by a stroke
(/).
The NUMBER indicates how many basic devices are assembled into the array.
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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
Tnis definition excludes inductors, capacitors, resistors and similar components.

Cliaracteristic. 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,
uspally 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
deyice. |t is determined for specified values of environment and operation, and may be stated in any
suitable terms.

NJte

LirTﬂting conditions may be either maxima or minima.

Rating system. The set of principles upon which ratings are established and which determine their
interpretation.

Naote

ThL 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

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.
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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 acceptabte 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.

October 1977 ( Mu“ard 0



COLOUR CODES

PRO ELECTRON COLOUR CODING SYSTEM FOR
PROFESSIONAL SMALL SIGNAL DIODES

Letter combination-background colour

BAV - green

BAW - blue
BAX - black
BAS - orange

Figure combination-colour bands

- black
- brown
- red

- orange
- yellow
green
- blue

- violet
- grey
- white

O 0NN AN~ D
|

The cathode side is indicated by a broad band which is at the same time the first digit of
the figurc combination.

Note: For BA types see individual type publications.
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COLOUR CODES

JEDEC assigned type numbers
(EIA -standard RS-236-B; June, 1963)

. Prefix identification

The prefix identification consisting of a first number symbol and the letter "N"
shall not be indicated in the coding.

. Banding systems

The sequence number consisting of a two, three, or four digit number after the
letter "N may be coded as follows:
dﬁéﬁéé ‘number in second and third bands of the colours indicated in Table 1.
If a suffix letter is required, it shall be indicated with a fourth band as
indicated in Table 1.
2.2 Three-digit sequence numbers shall consist of the sequence number in first,
second, and third bands of the colours indicated in Table 1. If a suffix letter
is required, it shall be indicated with a fourth band as indicated in Table 1.
2.3 Four-digit sequence numbers shall consist of the sequence number infour

bands of the colours indicated in Table 1.
If a suffix letter is required it shall be indicated as the fifth band.

. Cathode identification and reading sequence

anode ends.
3.2 An alternative method is provided where equal width bands may be used.

The bands shall be clearly grouped towardthe cathode end, and shall be read
from cathode to anode ends.
3.3 Either of the above colour banding methods maybe used in stead of the cath-

ode designating symbol or other marking.

. Colour bands

The sequence numbers of the type numbers and suffix letters shall be indicated
by the colours in Table 1.

TABLE 1
NUMBER COLOUR SUFFIX LETTER
0 black not applicable
1 brown A
2 red B
3 orange C
4 yellow D
5 green E
6 blue F
7 violet G
8 grey H
9 white J

s orentr ( Mullard
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PACKING

BANDOLIER AND REEL SPECIFICATION
FOR AXIAL-TAPED DIODES

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

|

«—— n ——

- Lo >

53 i-‘),Sm——s_‘» 6+0,5/=

Fig. 1 Configuration of bandolier.

The red tape indicates the diode cathode side.

1. Displacement between any two diodes; for DO-34 maximum 0,4.

2. For outlines SOD-34, SOD-56 and SOD-61 this dimension is 58 + 2.

The cumulative space (S) measured over ten spacings = 50 + 2,

The diodes are centred so that | Ly — 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.5.M. {Dynapert) and M.E.I. {Panasert).

)
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PACKING

22°30'(16x)
i

-

- — ;

+05 0 9
30,0707 7709, 858 3

72732021

<7,70(11

1m leader at .
beg{:nﬁ:‘g g’ng nd () For outllngs SQD-3¢?, SQD-SS and
SOD-61 this dimension is 75.

!

Fig. 2 Reel dimensions {(mm) for axial-leaded components.

(1) Diode (4) Flange
(2) Bandolier (5) Cylinder
(3) Paper

outline quantity

per reel

SOD-27 DO-35 10 000

SOD-34 - 5000

SOD-51 - 5000

SOD-56 - 4 000

SOD-57 — 5 000

SOD-61 - 7 000

SOD-64 - 4 000

SOD-66 DO-41 5 000

SOD-68 DO-34 10 000

e r Mullard <



PACKING

BANDOLIER AND REEL SPECIFICATION

FOR RADIAL-TAPED DIODES =
Dimensions in mm bg A9
:) Py [+—P |1
Hy I P‘l"‘ -
Wt g = ‘
’ Low, . e o
D R L_{}}J;- "
i ‘ l:
| X
i N
I
e le— Py —= —IDg'=—
feeding direction —e o N
t
Fig. 1 Configuration of bandolier. 1285127 detail A t Tt
ZAPqg = deviation of 20 spacings +1
F = lead-to-lead distance 5,08 :g'?
H1 = top of component to tape centre < 27,5
H = bottom of component to
tape centre 19+1
Ho = lead-wire clinch height 16 + 0,5
cathode —~ L = length of cropped lead <1
2 = lead-wire protrusion <1
) P = pitch of components 12,71
\ Py = feed hole centre to the middle
of the leads 6,35+ 1
1 Pq = feed hole centre to lead 3,81+0,7
‘ \ Po = feed hole pitch 12,7+0,3
I Tt = total tape thickness <15
F/2 |+ t = thickness tape + hold down tape 0,7 + 0,2
| Do = feed hole diameter 4+0,2
l F/Z#Fﬁ Wo = hold down tape position Oto 1,5
«——F —[ 7285730 Wo = hold down tape width >125
Wi = feed hole position 9+0,5
. +
Fig. 2 Detail configuration of w = tape width 18_(]]’2
component shape. Ag = component alignment 0+50
break force of carrier tape > 15 N Ap = component alignment +2
extraction force >5N
3
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PACKING

This specification concerns radial-taped diodes in DO-34 and DO-35 envelopes. The taped and reeled
products fulfil the requirements of |1EC 286-2: Tape packaging of components with unidirectional leads.

22°30' (16x)
-

} t

A1 +05 590 O 92 356
300%9° 770_0, 856 33 338

t | l |
@/ - |<~20,51-0,5

7285726

. 10 ¢ —! 40 le
minimum 10 empty

positions at ‘“@
beginning and end

Fig. 3 Reel dimensions (mm) for radial-taped diodes.

(1) Diode (3) Flange
(2) Bandolier (4) Cylinder

Quantity per reel for DO-34 and DO-35 encapsulations 5000 diodes.

The diodes can be delivered on request with anode-leading (+ leading) or with cathode-leading
(— leading) configuration.

cathode — cathode/

7285729 7285728

Fig. 4 + leading. Fig. 5 — leading.

wom ) Mullard \:'



MOUNTING

AND SOLDERING

RULES FOR MOUNTING AND SOLDERING

Introduction

Excessive forces or temperatures applied to a diode may cause serious damage to the diode. To avoid
damage when soldering and mounting the following rules should be followed.

General

Perpendicular forces on the body of the diode must be avoided.

Avoid sudden forces on the leads or body. These forces often are much higher than allowed.

High acceleration forces as a result of any shock {dropping on a hard surface for instance) must be
prevented.

Bending

During bending the leads must be supported between body or stud and bending point.

Axial forces on the body during the bending process must not exceed 20 N.

Bending the teads through 900 is allowed at any distance from the body when it is possible to support
the leads during bending without contacting the envelope or weldings.

Bending close to the body or stud without supporting the leads only is allowed if the bend radius is
greater than 0,5 mm.

Twisting

Twisting the leads is allowed at any distance from the body or stud if the lead is properly clamped
between body or stud and twisting point.

Without clamping, twisting the leads is only allowed at a distance of greater than 3 mm from the body;

the torque angle must not exceed 30°.

Straightening

Straightening the leads is allowed if the applied pulling force in the axial direction does not exceed
20 N and the total duration is not longer than 5 seconds.

Soldering

Avoid any force on the body or leads during or just after soldering.

Do not correct the position of an already soldered device by pushing, pulling or twisting the body.

Prevent fast cooling after soldering.

] Mullard WF e



MOUNTING

AND SOLDERING

Maximum allowable soldering time and minimum distance soldering point to seal for several envelopes

Hand iron soldering Hand iron soldering, dip, wave
mounted otherwise than or other bath soldering, mount-
on printed-circuit board ed on printed-circuit board
(max. solder temp.: 300 °C) {max. solder temp.: 300 °C)
time distance time distance
s mm s mm
SOD-27 DO-35 glass 3 0,5 5 0,5
SOD-40 DO-15 plastic 3 5,0 3 5,0
SOD-51 - glass 3 3,0 5 3,0
S0D-56 - plastic 3 20 5 2,0
SOD-57 - glass 3 0,5 5 0,5
SOD-61 — glass 3 20 5 2,0
SOD-64 — glass 3 0,5 5 0,5
SOD-66 DO-41 glass 3 3.0 5 3,0
SOD-68 DO-34 glass 3 0,5 5 0,5
TO-18 — metal 3 0,5 5 0,5
TO-92 - plastic 3 25 5 25
MOUNTING

if the rules for mounting and soldering are observed properly, the following mounting or process
methods are allowed:

- Preheating of the printed circuit board before soldering, up to a maximum of 100 °C.

— Flatmounting with the diode body in direct contact with the printed circuit board with or without
metal tracks on both sides and/or plated-through holes.

— Flat mounting with the diode body in direct contact with hot spots or hot tracks during soldering.

— Upright mounting with the diode body in direct contact with the printed circuit board if the body
is not in contact with metal tracks or plated-through holes.

General

Parts of the general mounting and soldering rules can be overruled by individual type mounting and
soldering rules, mentioned with the type description.

e 192 ( Mullard <



MICROMINIATURE

DIODES

SOLDERING RECOMMENDATIONS
SOT-23, SOT-143 AND SOT-89 ENVELOPES

SOT-23, SOT-143 and SOT-89 devices are ideally suited for placement onto thick and thin film
substrates and printed circuit boards.

To assure reliable and consistent connections particular attention should be paid to:
1. Flux

A non-active flux is recommended. Where active fluxes are employed, great care in subsequent
substrate cleaning must be exercised.

2. Metal-alloy solder or solder paste

Correct choice of solder alloy or solder paste to be employed e.g. 62% Sn, 36% Pb, 2% Ag or 60%
Sn/40% Pb. Any paste used should contain at least 85% metal dry weight.

3. Soldering temperature
This will vary according to the actual method employed.

REFLOW SOLDERING

The preferred technique for mounting microminiature components on hybrid thick and thin-film is the
method of reflow soldering.

The tags of SOT-23, SOT-143 and SOT-89 envelopes are pre-tinned and the best results are obtained if
a similar solder is applied to the corresponding soldering areas on the substrate. This can be done by
either dipping the substrate in a solder bath or by screen printing a solder paste.

The maximum temperature of the leads or tab during the soldering cycle should not exceed 285 ©C.
The most economic method of soldering is a process in which all different components are soldered
simultaneously for example SOT-23, SOT-143 or SOT-89 devices, capacitors and resistors.

Having first been fluxed, all components are positioned on the substrate. The slight adhesive force of
the flux is sufficient to keep the components in place. Solder paste contains a flux and has therefore
good inherent adhesive properties which eases positioning of the components.

With the components in position the substrate is heated to a point where the solder begins to flow.
This can be done on a heating plate or on a conveyor belt running through an infrared tunnel. The
maximum allowed temperature of the plastic body of a device must be kept below 280 ©C during the
soldering cycle. For further temperature behaviour during the soldering process see Figs 2 and 3.

The surface tension of the liquid solder tends to draw the tags of the device towards the centre of the
soldering area and has thus a correcting effect on slight mispositionings. However, if the layout leaves
something to be desired the same effect can result in undesirable shifts; particularly if the soldering
areas on the substrate and the components are not concentrally arranged. This problem can be solved
using a standard contact pattern, which leaves sufficient scope for the self-positioning effect (see Figs
4 and 5).

After cooling the connections may be visually inspected and, where necessary, repaired with a light
soldering iron, Finally any remaining flux must be removed carefully.

\:’ Mullard w (November 1982 1



M|CROM|N|ATURE Soldering recommendations

DIODES

IMMERSION SOLDERING

Where a complete substrate or printed circuit board is immersed in solder:
a. The temperature of the soldering bath should not exceed 280 ©C.

b. The duration of the soldering cycle should not exceed 10 seconds.

c. Forced cooling may be applied (see Fig. 1).

HAND SOLDERING

It is possible to solder microminiature devices with a light hand-held soldering iron, but this method
has obvious drawbacks and should therefore be restricted to laboratory use and/or incidental repairs
on production circuits.

1. It is time-consuming and expensive.

2. The device cannot be positioned accurately and therefore the connecting tags may come into contact
with the substrate and damage it.

3. There is a great risk of breaking either substrate or even internal connections inside the encapsulation.

4. The envelope may be damaged by the iron.

7282785
300 (T T LI
: 7 Tb max
T 4 /o
(°c) ek
solder flow
I ; area
200 a 4
= Tm
\b
]
100
|
Bl
0
0 10 t(s) 20

Fig. 1 Device temperature during /mmersion soldering.

Maximum time of immersion in soldering bath is 10 seconds at an ambient temperature of 25 °C.

a = free convection cooling; b = forced cooling.
Tb max = Maximum bath temperature (280 °C).
m = melting temperature of solder (179 ©C).

August 1980 r Mu“ard \\:l



Soldering recommendations M|CROM|N| ATURE
i DIODES
i 72791201

300 T TTTIT T a = free convection cooling.
JE> 7. TI max b = permissible forced cooling. =
T 7 /% T max = Maxicr‘num lead or tab temperature = E
(°c) Y % n 285 ©C. —
solder flow area p Tm = Melting point of the solder is 179 °C.
] %% Tamb =25 °C.
200 % 1
| LOH1%5% 1
§ 4 L7 T Time of heat supply:
without preheating max. 14 s
b 1] with preheating max. 10's
Maximum time of preheating 45 s
]
100
]
|
Fig. 2 Reflow soldering without preheating.
0 1
0 10 t(s) 20
7279121.%
300 TN T T
7. I T T
% I max - 1+ | |
T Z I —
(°c) 2L 2 2
/solder flow % !
area
%! a T
200 7 7 [
— 7% 7'
max =7 K2 & e T
r m
1 b
100 NN L
preheating ! !
area
% I |
+
N
N
0
40 50 60 70 tis) 80

Fig. 3 Reflow soldering with preheating.

Q
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MICROMINIATURE

Soldering recommendations

DIODES

Minimum required dimensions of metal Dimensions in mm

connection pads on hybrid thick and thin-film
substrates.

0,8 min |

0.9

min

IS

- 095 =

7279123

[e— 19 —»] I‘_LS_’!'_LS", 7279122
Fig. 4 SOT-23 pattern. Fig. 5 SOT-89 pattern.
0,8 min 0,8 min

AT

7286820

Fig. 6 SOT-143 pattern.
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MICROMINIATURE

DIODES

THERMAL CHARACTERISTICS
OF SOT-23 AND SOT-143 ENVELOPES

The heat generated in a semiconductor chip normally flows by various paths to the surroundings
(ambient). .

LLLLL

) 7289072.A
Fig. 1.

1. Heat radiation from the envelope to ambient (1).
This heat transfer can be neglected when the envelope is mounted on a substrate or printed
circuit board.

2. Heat transmission via leads (2) soldering points (3) and substrate (4).

junction
Rthj-t
tab
Rthj-a ] Riht-s
soldgring
points
Rths-a
— ambient
7289073

Fig. 2 Thermal behaviour of heat flow when the device is mounted on a substrate or printed circuit
board.

Rth j-t = Thermal resistance from junction to tab.

Rth t-s = Thermal resistance from tab to soldering points.

Rth s-a = Thermal resistance from soldering points to ambient.
Rth j-a = Thermal resistance from junction to ambient.

U Mu“ard w Fovember 198j



MICROMINIATURE Thermal characteristics
DIODES

Heat transfer directly from envelope to ambient

This depends on the difference between the temperatures of envelope and the surroundings. When the
device is mounted on a substrate or printed circuit board direct heat flow can usually be neglected in
relation to the heat flow via leads and substrate.

Thus the thermal mode) can be as in Fig. 3.

junction
Rthj-t
tab
Rtht-s
soldering
points
Rths-a
ambient
7289077

Fig. 3 Basic thermal model.

Heat transfer from junction to tab
This is an internal heat transfer and has been measured for SOT-23 envelopes. In general, for low-power

diodes it is: 60 K/W
Heat transfer from tab to soldering points

This value has also been measured for SOT-23 with Py <350 mW: 280 K/W
for types of semiconductors in a SOT-143 envelopes this value is: 310 K/W

Heat transfer from soldering points to ambient

This depends on the shape and material of tracks and substrate. In figures 4 and 5 standard mounting
conditions are given to set up the maximum power ratings for SOT-23 encapsulation.

2 November 1982 ( Mullard \3



Thermal characteristics MICROMINIATURE
DIODES

ceramic
substrate

SOT-23

Cu leads 20 mm
@ 0,5mm

infinite heatsink or plug 7289075

Fig. 4 Test circuit SOT-23 mounting conditions on a ceramic substrate.

Rths—a
(KW N

It e s 7{u

0.1 0.2 0.5 1 2 arealcm?) 5 10

Fig. 5 Heat transfer from soldering points to ambient.

Point A on the curve in Fig. 5 is for an area of the ceramic substrate of 8 mm x 10 mm x 0,7 mm for
the maximum rating of all high-frequency, low-frequency and switching transistors and also for all
diodes in SOT-23 encapsulation.

Point B on the curve in Fig. 5 is for an area of the ceramic substrate of 15 mm x 15 mm x 0,7 mm for
the maximum rating of low-frequency medium-power semiconductors.

\VJ Mullard W (November 1982 3



MICROMINIATURE
DIODES

Thermal characteristics

The values for the thermal resistance from junction to tab, and tab to soldering points, are mentioned

on page 2 and Fig. 5.
The formula for devices in SOT-23 with one crystal can be generalized:

Tj=P{Ryh j-t ¥ Rth t-s * Rth s-al * Tamb

r[ junction i
Rthj-t Rthj-t
I tab
R
tht-s Rtht-s
soldering
points
Rths-a Rths-a
I ambient
7289077

Fig. 6 Thermal model of SOT-23 envelopes

i2

b

Prot

!

junction

tab

soldering
points

ambient

7289074

Fig. 7 Thermal model of SOT-23 envelopes

with one crystal. with two crystals (double diode).

The formulae for devices with two crystals (double diodes) are:
Ttab = Ptot * (Rth t-s ¥ Rth s-a) * Tamb = Ptot (280 +90) + Tamp
Ti1 ={P1xRthjt) + Trap=P1 60+ Tap
Ti2 =(P2xRthjo)*+ Trap=P2 " 60+ Trap

As mentioned on page 2:

Rth j- for diodes is 60 K/W.

Rih 5.5 (area 8 mm x 10 mm x 0,7 mm) = 90 K/W.

Rth t-s for all semiconductors in SOT-23 = 280 K/W.
Thus:

Tj1 = 60P1 +370 Pyt + Tamb-

Tj2 = 60 P2 + 370 Pyor + Tamp.

November 1982 ( Mu‘lard
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SILICON WHISKERLESS DIODES






BA316
BA317
BA318

I

10 V, 30 V and 50 V GENERAL PURPOSE DIODES

Silicon planar epitaxial diodes in DO-35 envelopes intended for general purpose appli-
cations.
They have reverse voltages up to 10 V for BA316, 30 V for BA317 and S0 V for BA318.

QUICK REFERENCE DATA
BA316 | BA317 | BA318
Continuous reverse voltage Ve max. 10 ' 30 l 50 \%
Repetitive peak forward current Igpp max. 225 mA
Storage temperature stg -65 to +200 oc
Junction temperature T;j max. 200 oC
Thermal resistance from
junction to ambient Rth j-a = 0, 60 °C/mw
Forward voltage at Ig = 1,0 mA VE < 700 mV
Ig= 10mA Vg < 850 mV
I =100 mA Vg < 1100 mV
Diode capacitance at
VR =0;f=1MHz Cq < 2 pF
Reverse recovery time when
switched from Ig =10mA to
IR =60 mA; RL =100 Q;
measured at I =1 mA trr < 4 ns
MECHANICAL DATA Dimensions in mm
DO-35

a
0, 55
056 — c:m::t:)

’ s
254, azs;, 2,

©

- ‘785 -
min l I'T\ X | max
—————————— 7266719
| I‘ - J " ‘1 1I
BA316: orange brown  blue natural
BA317: orange brown  violet natural
BA318: orange brown  grey natural
(cathode)

The diodes may be either type-branded or colour coded.

)
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BA316
BA317
BA318

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

Voltage BA316|BA317|BA318
Continuous reverse voltage 4 max. lOl 30| S0 V
Currents
— Average rectified forward current
—_— (averaged over any 20 ms period) Ipay) max. 100 mA 1)
Forward current (d.c.) IF max. 100 mA
Repetitive peak forward current IFrM  max. 225 mA
Non -repetitive peak forward current
t=1ps IFsMm max. 2000 mA
t=1s Ipsm max. 500 mA
Temperatures
Storage temperature Tstg =65 to +200 oc
Junction temperature Tj max. 200 ocC
THERMAL RESISTANCE
From junction to ambient in free air R'thj-a 0, 60 oC/mW
CHARACTERISTICS T; =25 °C
Forward voitage
Iz =1,0 mA Vi < 700 mV
Ig = 10 mA Ve < 850 mV
If = 100 mA Vg < 1100 mV
Reverse current BA316 |BA317|BA318
VR =10V IR < 200 50 - nA
VR =30V Ig < - 200 50 nA
Vg =50 V TR < - - 200 nA
Diode capacitance
VR=0:f=lMHz Cq < 2 pF
1) For sinusoidal operation see page 6. For pulse operation see pages 4 and 5.
2 January 1977 M “ d \v'
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BA316
BA317
BA318

CHARACTERISTICS (continued) Tj=25°C

Reverse recovery time when switched from

Iz =10 mA to Ig = 60 mA:RL =100 @;

Measured at Ig = 1 mA ter < 4 ms
Test circuit and waveforms:
1
A jt,ht, —o{ .
Rg=500 > 4 sampling ‘
U oscilloscope
V=V + I ¥Rg Ri=son \’ 90%
| | Vg
Trenie e
input signal output signal
Input signal : Rise time of the reverse pulse t.= 0,6 ns 9 IR =1 mA
Reverse pulse duration = 100 ns
Duty factor 5 =0,05
Oscilloscope: Rise time ty =0,35 ns

Circuit capacitance C =1 pF (C = oscilloscope input capacitance + parasitic capacitance)

N, Mullard [ o



BA316
BA317
BA318
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BA316
BA317
BA318

400 7272408
BA316
BA317 ie ’_l q Ierm
0
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(mA) < T 6= T
t<10ms
S Vg = 10 V (BA316)
< S Tamp =125 C ——=Vg =30 V(BA317)
200 A
\, ~ L
\ '~
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N \\
Nb\ \\
= o
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BA316
BA317
BA318
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BA316

BA317
BA318
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BAST1

SILICON GLASS PASSIVATED AVALANCHE DIODE

Diode in a DO-35 envelope. It is primarily intended for general purpose applications, e.g. scan and —_—
flyback rectifiers, protection diodes etc. in television circuits. An advantage of this diode is its capa- —_—
bility of absorbing reverse transient energy.
QUICK REFERENCE DATA
Working reverse voltage Vew max 300 Vv
Average rectified forward current IF(Av) max 300 mA
Non-repetitive peak forward current IEsm max 4 A
Repetitive peak reverse power dissipation PRRM  max 7% W
Reverse recovery time trr < 1 us
MECHANICAL DATA Dimensions in mm
Fig. 1 DO-35 (SOD-27).
oset X a
max r: _Il I l—
[ |
L—— 25,4 ——f‘cl— L‘-25‘—>‘<— 254 —»l ol 1,85 o
min | m0x| min max
r——— B l e —_ - ] 7766863
| ! I
brown brown orange
(cathode)
The diodes may be either type-branded or colour-coded.
1
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BAS1

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Working reverse voltage VRw max. 300 Vv
Continuous reverse voltage (see Fig. 8) VR max. 300 Vv
Forward current (d.c.) \E max. 350 mA
Average forward current (averaged

over any 20 ms period) If(Av) max. 300 mA
Repetitive peak forward current

t=10 ms; f = 60 Hz IERM max. 900 mA

86=0,1,f=15kHz IERM max. 2 A
Non-repetitive peak forward current

{t=10 ms; half sine-wave) T; = 150 OC prior to surge IESM max. 4 A

(t = 10 us; square wave) Tj =150 OC prior to surge IFSM max. 30 A
Repetitive peak reverse current

t =10 ps (square wave; f = 50 Hz) Tymp = 25 °C IRRM max. 150 mA
Repetitive peak reverse power dissipation

t = 10 us (square wave; f = 60 Hz) Tymp = 25 °C PRRM max. 75 W
Storage temperature Tstg —65to + 150 °C
Junction temperature Tj max. 150 °C

THERMAL RESISTANCE
From junction to ambient in free air
mounted on printed board at 8 mm lead length Rthja = 0,34 °C/mW
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Forward voltage

Ig =300 mA VE < 11V

Ig =900 mA VE < 13V
Reverse avalanche breakdown voltage

Ig = 100 uA V(BR)R > 300 Vv
Reverse current

VR =300V IR < 100 nA

VR=300V;T;=1250C * IR < 20 pA
Diode capacitance at f = 1 MHz

VR=0 Cq typ. 10 pF

VR =50V C4q typ. 1,5 pF
Reverse recovery when switched from

IgM = 400 mA to VR = 30 V; with —dIg/dt = 400 mA/us

Recovery charge Qg typ. 70 nC

Recovery time ter < 1 us
Maximum slope of reverse recovery current when switched from

IEm = 400 mA to VR = 30 V; with —dIg/dt = 400 mA/us |dig/dt| typ. 2,0 Alus

* Pulse measurement only.

April 1982 ( Mu"arg U
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Silicon glass passivated avalanche diode BASH

|

Ie
Ie
dl¢
dt
-ty ——
l time
10 %/
1006
Ir
Fig. 2 Definitions of Qg, t,; and dIg/dt.
7278505
400 l T
_'F(RMS) +—1.42
'F(AV) 1.57/ /T 7 \
Ptot B
{mw) /, \
A 2 / 7 2
28 1/ d.c. \\é
200 - 4 >\
) §74V4 %
y. \%
/ o
a=3 32
\
J2 \
0 100 200 300 0 100 200
IF(AV) (mA) Tamb (OC)
Fig. 3.

From the left-hand graph the tota! power dissipation can be found as a function of the average output
current.

IF(RMS) * rdift

R
The parameter a = depends on nwR) C_and —tnR— and can be found from
L
existing graphs.

Once the power dissipation is known, the maximum permissible ambient temperature follows from the
right-hand graph.
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BAS11

7272737.2 7278503.1
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7 /
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Fig.4 —— Tj=250C;— - —Tj=150°C. Fig.5 VR =300 V.
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Fig.6 f=1 MHz;Tj =250C.
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Silicon glass passivated avalanche diode BAST

7283060
PRRM
(W)
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\\ 4
1

10-3 1072 1077 1 t (ms) 10

Fig. 7 Maximum permissible repetitive peak reverse power as a function of pulse duration. T > 20 ms:

T] =250C, rectangular waveform, § <0,01; — — — triangular waveform, 5§ < 0,02,
7272736.2
400 I I ] I
VR
(V)
200
0 150
0 50 100 Tamb (9C)

Fig. 8 Maximum permissible continuous reverse voltage versus ambient temperature.
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BAVIO

ULTRA-HIGH-SPEED DIODE

Silicon planar epitaxial, ultra-high-speed, high-conductance diode in a DO-35 envelope.
The BAVI1O0 is primarily intended for core gating in very fast memories.

QUICK REFERENCE DATA

Continuous reverse voltage VR max. 60 V
Repetitive peak reverse voltage VRRM max. 60 V
Repetitive peak forward current IFRM max. 600 mA
Junction temperature Tj max. 200 ©c
Forward voltage at Ip = 200 mA Vg < 1,0 V

Reverse recovery time when switched
from Ig = 400 mA to Iy = 400 mA:

Ry, =100 &;
measured at Ig = 40 mA trr < 6 ns
Recovery charge when switched from
Ir =10mAto Vg =5 V; Ry, =500 Q2 Qs < 50 pC
MECHANICAL DATA Dimensions in mm
DO-35

ose® :ﬂ]:}:: .
mcx '

I
25 A_,l,j_ h,25|${ m.n __J ’ 185 | e

| max i
————— I S, . 7266863
| | 1
brown black green
(cathode)

The diodes may be either type-branded or colour-coded.
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BAVIO

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

Voltages

Continuous reverse voltage VR max. 60 V
Repetitive peak reverse voltage VRRM max. 60 v 1
Currents

Average rectified forward current IF(AV) max. 300 mA 2)
Forward current (d.c.) IF max. 300 mA
Repetitive peak forward current IFRM max. 600 mA
Non-repetitive peak forward current t =1 ps IFSM max. 4000 mA

t=1s IFSM max. 1000 mA

Temperatures

Storage temperature T -65 to +200 °C

stg
Junction temperature T; max. 200 °cC

THERMAL RESISTANCE

From junction to ambient in free air

at maximum lead length Ren j-a = 0,5 °C/mw
CHARACTERISTICS Tj=25 OC unless otherwise specified
Forward voltage

Ip= 10 mA Vg < 0,75 V

Ir = 200 mA Vg < 1,00 V

IF = 200 mA; Tj =100 °C Vg < 0,95 V

Ig = 500 mA Vp < 1,25 V

Reverse current
VR =60V Ip < 100 nA
VR =60 V; Tj =150 °C IR < 100 pA

Diode capacitance

VR =0; f =1 MHz Cq < 2,5 pF

l) Measured at zero life time at Ig = 10 pA; Vg = 75 V.

2) For sinusoidal operation see page 6. For pulse operation see page 5.
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Ultra-high-speed diode BAV10

CHARACTERISTICS (continued) Tj =25°C
Forward recovery voltage when switched to
Ig = 400 mA; ty] = 30ns Ver < 2,0 Vv
1g = 400 mA; ty2 = 100 ns Ver < 1,5 Vv
Test circuit and waveforms: E
I, 1000 4500 . v g
90%
meson | “»::‘::so:::pt T
10%
— B '
o input signal - output signal
Input signal : 1st rise time of the forward pulse t.y = 30 ns
2nd rise time of the forward pulse t,p = 100 ns
Forward current pulse duration t, = 300ns
Duty factor ) = 0,01
Oscilloscope: Rise time tr = 0,35ns
Input capacitance Ci = 1 pF
Circuit capacitance C = 20 pF (C = Cj + parasitic capacitance)
Reverse recovery time when switched from
Ig = 400 mA to IR = 400 mA; Ry, =100 Q;
measured at Ip = 40 mA trr < 6 s
Test circuit and waveforms:
v RS
g our. ” 90% ~\m% l f “k '_lor' —“_ -
Ry =500 ampling ) T
l input signal autput signal
Input signal : Total pulse duration tpitot) = 0,2ps *)IR = 40 mA
Duty factor 5 =0, 0025
Rise time of the reverse pulse ty = 0,6ns
Reverse pulse duration tp = 30 ns
Oscilloscope: Rise time te = 0,35ns
Circuit capacitance C =1 pF (C = oscilloscope input capacitance + parasitic capacitance)
3
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BAVIO

CHARACTERISTICS (continued) Tj =25 oC
Recovery charge when switched from
I =10 mA to VR =5 V; Ry, =500 Q Qs < 50 pC

Test circuit and waveform:

_1

v 100 | oscilloscope
c

T

T i

27

output signal

12630881

D1 = BAW62

D2 =diode with minority carrier life time at 10 mA: < 200 ps

Input signal : Rise time of the reverse pulse ty = 2 ns
Reverse pulse duration tp = 400 ns
Duty factor 1 = 0,02

Circuit capacitance C < 7 pF (C = oscilloscope input capacitance + parasitic capacitance)

7210682

) T
1T
AREEE
I ¥ f =1MHz ]
Tj=25°C
Cy
(pF)
2 N
D max
|
typ|
0
0 10 20 Vg (V) 30
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Ultra-high-speed diode BAVIO

7272621
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|
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