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BDWS5/56 GOLD-GOLD MEDIUM-POWER TRANSISTORS

DEVICE DESCRIPTION

The BDWS5. BDWS7 and BDWS9 are general-purpose,
n-p-n, 8 W power transistors in SOT-32 (TO-126) plastic
packages intended for applications where high reliability
is essential, especially telecommunications. A comple-
mentary, p-n-p series, BDW56, BDW57, BDWG6O, is also
available. Figure 1 shows a BDWS5S before encapsulation;
Table 1 gives principal data. The main design features of
the series are:

-- passivated silicon-planar chip;

— titanium-platinum-gold barrier-laycr metallisation:
— goldssilicon cutectic, hard-soldered chip bond;

- gold connecting wires;

— gold-plated lead frame;

— silicone-plastic case.

The materials and methods used in each aspect of the
construction of the device must be reliable in service,
reproducible in production, and compatible with all
other materials and methods used. Provided it is not
misused, a silicon chip alone has no failure mechanism
and docs not wear out. All the problems are introduced
in the process of making electrical conncctions to the
chip, providing heat flows paths and protective en-
capsulation.

Chip-to-lead-frame bond

The bond between chip and lead frame provides mechan-
ical anchorage, makes the connection to the collector,
and constitutes the main path for the transfer of heat
from the device. Each of these functions is important for
the performance and life of the device.

A soft-soldered bond has limitations, particularly for
power semiconductors. Its thickness is difficult to

control accuratcly in production, so its thermal resis-
tance may be high to begin with. Soft solder tends to
deteriorate with time, increasing thermal resistance still
further. Its strength also decreases as the metallurgical
change progresses.

Gold forms a eutectic (minimum melting-point
mixture) alloy with silicon which melts at 370 °C. Using
it as a hard solder, a bond between the chip and the gold-
plated lead frame is obtained that is alloyed with both
surfaces. These honds have proved to be mechanically
strong, highly controllable in production, exceptionally
proof against thermal-cycling stresses, and of low, pre-
dictable thermal resistance.

To cnsure uniform production, a special bond-test
procedure has been developed. This is based on a pulse
measurement of junction-to-ambient thermal resistance
Rthj-a- The value of VBE is measured immediately be-
fore and after a power pulse is applied to cach transistor.
The change in VBE indicates the rise in junction temper-
ature, which, in turn, is related (o the thermal resistance.
Careful correlation between bond quality and VBE
change enables limits to be sct against which all devices
are checked.

Metallisation

The barrier-layer metallisation system was devised to
overcome finally the major disadvantage of the plastic
package: its lack of hermeticity. A silicon device chip is
not affected by moisture, except for a temporary in-
crease in leakage when impurities are also present. A
passivated chip is not affected at all.

Aluminium is the easiest metal to use for the film
that interconnects regions of the chip and provides
metal pads to which the internal connecting wires can be
bonded. Aluminium is easy to deposit. adheres well to
silicon dioxide, and does not diffuse into silicon at the

TABLE 1
Quick reference data for BDWSS series, SOT-32 medium-power transistors

BDWSS BDWS7 BDWS59

Collector-base voltage (open emitter) VcBo max 45 60 100 \Y
Collector-emitter voltage (RgF, = 1 k) VCcEpr max 45 60 100 A
Collector-emitter voltage (open basc) VCEO max 45 60 80 v
Collector current (peak value) IcMm max 1.5 A
Total power dissipation up to Typ = 95°C Piot max 8 WV
Junction temperature Tj max 175 °C
D.C. current gain Ic = 150 mA, Vo =2V hFE typ 40 to 250

Transition frequency Ic = SOmA, Vcg =5V fT typ 250 MHz
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TESTS: METHODS, CONDITIONS AND
PURPOSES

The programme of tests carried out on the BDWSS5
transistor was designed to ensure that the device would
perform its required function with exceptional reliability.
The programme had four particular aims:

— to identify the wearout mechanism that determines
end of useful life;

— to estimate the effect of derating on useful life;

— to measure device stability as a function of operating
conditions;

— to establish a satisfactory burn-in or screening proce-
dure to reduce the incidence of early failures in criti-
cal applications.

Storage

Samples of BDWSS5 transistors were stored at elevated
temperatures to explore the time and temperature
dependence of the following failure modes:

— open wire bonds to chip or lead frame;
— degradation of bond between chip and lead frame:;

— reduction of hpg due to diffusion of gold through
the titanium and platinum barrier layers.

Encapsulated devices were tested as follows:

storage temperature (°C): 100 150 175 200 225
number tested: 110 110 110 60 35

Since the plastic encapsulant deteriorates at higher
temperatures, further testing was carried out on unen-
capsulated devices:

storage temperature (°C): 250 300 350
number tested: 35 60 40

Current

Samples of BDWS5 transistors were operated, bottomed,
at high currents to explore the relationship between
current density and time for failures due to electro-
migration. The following combinations of current,
junction temperature and sample size were used:

I: (A): 0.7 1 1.5 2
Tj C): 100 150 150 160
number tested: 110 110 60 35

BDWS55/56 GOLD-GOLD MEDIUM-POWER TRANSISTORS

Dissipation

To investigate the reliability behaviour of the BDWSS
under moderate operating conditions, a batch of 110
devices was tested at Tamb = 25 °C: Pior = 1250 mW;
IE=44 mAand Tj= 110 °C.

Cut-off

Prolonged operation under cut-off conditions yields
information about the state and stability of the chip
surface. All testing was carried out at VCE =44 V and
VBE=-1V:

Tamp CC): 100 150
number tested: 110 110

Further testing was also carried out at ambient tempera-
tures of 175 °C and 200 °C.

Thermal (power) cycling

Thermal cycling can induce thermal fatigue in wire bonds
to chip and lead frame, and in the chip to lead-frame
bond. To determine the relationship between the number
of thermal cycles and junction temperature required to
induce thermal fatigue, samples of the BDWS5 were
subjected to power cycling, 2% minutes on, 2% minutes
off, at an ambient temperature of 25 °C:

power (W): 3 2.75 2.5 2.25
Tj peak* ©C): 294 272 250 228
number tested: 20 30 40 50
power (W): 2 1.75 1.5 1.25
Tj peak* CC): 206 183 161 139
number tested: 60 70 80 90

* average value.

Wet testing

The effect of moisture is an important consideration
with plastic-encapsulated devices. Accordingly, samples
of the BDW55 were exposed to a variety of combina-
tions of temperature, pressure and relative humidity. In
some cases, identical tests were carried out using both
encapsulated and unencapsulated devices. In addition,
similar tests were carried out with and without applied
voltage in order to compare the effect on reliability.

Boiling water. A total of 44 devices were immersed
continuously in boiling water at 100°C. Of these, 25
were encapsulated and 19 unencapsulated.
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TABLE 2

Measurements made to detect failures during life tests; measurement conditions and purpose

charac-

. description measurement conditions failure mode indicated

teristic

Veco  forward voltage of base-collector diode Igc=1A,Ig=0, high resistance of chip or wire bonds
Tamb = 25°C.

VBeo  forward voltage of base-emitter diode IBE=1A,Ic=0, high resistance of wire bonds
Tamb =25 OC’

flutter  intermittent operation IE=1.5A,f=100Hz, intermittent wire bonds
Tamb = 25°C.

VCE sat  collcctor-cmitter saturation voltage Ic=500mA, Ig=120mA, high resistance of chip or emitter-wire bonds
Tamb = 25°C.

Ig (1) basc current required for a given collector [E=5mA,Vcp=2V, reduction of hFE

current Tamb = 25 °C.

Ig (2) (as above) IE=S0mA,Vcg=2V, reduction of hFg
Tamb = 25°C.

Ig (3)  (asabove) IE=150mA,Vecp =2V, reduction of hFE
Tamb = 25°C.

IcBO leakage current of collector-base diode Vep=30V,Ig=0, contamination of chip, unstable chip surface
Tamb = 25°C.

IEBO lcakage current of emitter-base diode VEB=S5V,Ic=0, contamination of chip, unstable chip surface
Tamb = 25°C.

AVBE  fast thermal resistance measurement see Fig. 5, Tamp = 25°C deterioration of chip bond

TABLE 3

Failure criteria for BDWS5S5 transistors

failure criteria

characteristic

Minor Partial Major Partial Complete
VBCO 250 mV increase > 1250 mV > 2000 mV
VBEO 250 mV increase > 1250mV > 2000 mV
flutter open/short
VCE sat 50 mV change
Ig (1) 192 uA
Ig (3) 0.93to 3.6 mA
ICBO > 10uA > 20pA > 100 uA
IEBO > 10uA > 20uA > 100 A
AVBE 50% increase
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TEST RESULTS

All failures recorded during the BDWSS5 test programme
were Complete Failures as defined in Table 3. No Partial
Failures were observed.

Storage

No Complete Failures occurred in the encapsulated
devices after 60 wecks (10080 h) at temperatures
between 100 °C and 225 °C.

Of the uncncapsulated devices tested, none failed in
the 36 wceks (6048 h) of the 250 °C test. The 300°C
and 350 °C tests both resulted in failures after two weeks
(336 h). These failures were due to the gold plating
lifting off the lead frame. However. the wires remaincd
attached to the plating.

Current

After four weeks (672 h) of the 0.7 A current test, two
failures were recorded. No failures occurred in the re-
mainder of the 60 weeks of the test. No failures occur-
red after 60 weeks testingat I A, 1.5 Al or2 A.

The causc of the two failures recorded in the 0.7 A
test was found to be overheating duc to a short circuit
caused by a particle of gold on the chip metallisation
pattern,

Dissipation

After six weeks. one failure occurred in the dissipation
test. No other failures were recorded during the rest of
the 60 week duration of the test.

The failure observed was found to be due to a short
circuit in the chip metallisation.

Cut-off

After four wecks at Tamp = 100°C, the cut-off test
resulted in two failures. A further failure occurred after
six wecks. No further failures occurred during the
remainder of the 60 week test. No failures were recorded
during the 60 weeks testing at Tamp = 150 °C.

The first two failures recorded in the Tyyp = 100°C
test were found to be due to short circuits in the chip
metallisation. The failure that occurred after six weeks
was due to a cracked chip: examination showed that
there was probably a crack at the edge of the chip at the
onset of the test.

Thermal (power) cycling

No failures occurred in the 1.25W test after 10 000 h,
in the 1.5W test after 8000 h, or in the 1.75 W test after

10 000 h. No failures occurred due to open or short-
circuit devices during the 2W test, but there was a
seneral increase in the value of AVBE. The tests at
powers greater than 2W resulted in progressively carly
end-of-life failures due to deterioration of the chip
bond.

Wet testing

Tropical conditons. No fuilures resulted from the
10 000 h of each of the tropical tests.

Boiling water. No failures occurred during 500h im-
mersion in boiling water of both encapsulated and un-
encapsulated devices.

Wet cut-off. After 60 weeks of the 55°C. 70% rclative
humidity test, no failures were observed. During the
55°C, 95% relative humidity test. one failure occurred
after 24 weeks (4032 h), a further two failures occurred
after 30 weeks (5040 h). and a further two after the full
60 wecks. One failure occurred in the 85 °C, 85% relative
humidity test after two weeks. All thesc failures were
found to be due to a short circuit in the gold metallisa-
tion of the chip.

After 40h of the 123°C. 100% rclative humidity
test, no failures werc rccorded. One failure occurred
after 48h; after 11 days (264 h), a total of 18 devices
had failed. All failures were due to high lcakage current.
Analysis showed that the device surfaces were con-
taminated, mainly with copper.

No difference was apparent betwecn the performance
of encapsulated and unencapsulated devices.

Mechanical and climatic testing

Temperature cycling. During the 500 cycles of this test.
onc failure was recorded after 10 cycles in the loosc
devices. but no further failures occurred. No failures
were recorded among the mounted devices in 500 (est
cycles. The one failure was due to shorting of the gold
metallisation pattern of the chip.

Mounting test. No failures.
Applied force. No failures.
Solderability. All 60 new devices passed the solderability
test. After four weeks in a tropical environment, 53 out

of 60 devices passed.

Heat resistance. No failures.
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Reliability in service

Observed failure rate. An indication of the failure rate
to be expected in normal service can be obtained from
the results of the test programme. A total of 13.7 million
device-hours testing has been carried out at. or about,
the Absolute Maximum Ratings established for pro-
duction devices. In the course of these tests. only five
failures were recorded: an observed failure rate of
0.036%/1000 . However, of these tive failures, four
were early failures which will be largely eliminated by
the additional stage of inspection. Thus, if only 75% of
potential carly failures are removed by this inspection,
the observed failure rate would fall to about 0.0015%/
1000 h.

Maintaining reliability. This degree of reliability will be
maintained in production by regularly subjecting samples
of BDWSS5 series transistors drawn from production to a
similar programme of tests to that described here.
Sampling will. as usual, be according to MIL-STD-105D.
The results from these tests will provide further evidence
of device reliability, but that is not their main purpose.
These results will be fed back to correct deviations in
production conditions and methods, and to make
minor improvements in device design, so gradually im-
proving on the already exccllent reliability.

CONCLUSION

It is evident that the combination of titanium-platinum-
gold metallisation and gold-silicon eutectic chip bonding
has made possible a major advance in the design of power
semiconductor devices. By providing a chip surface,

consisting either of gold or passivating glass, that is
virtually immune to corrosion, the problem of the
hermeticity of plastic packages has been solved. For
damage to occur to devices using the BDWSS technology,
contaminant as well as moisture must be present. How-
ever, these contaminants would be as damaging to other
circuit components — printed circuit boards, wires,
devices, lcads — as to the transistors themselves.

The ultrasonic wedge bonds used with SO um dia-
meter gold wire have proved exceptionally reliable. Of a
total of 2600 devices with four bonds per device. tested
for 15.5 million device hours. the observed failure rate
per bond was, with 60% confidence, better than
15x107°/h.

The cutectic chip bonds proved almost immune to
the effects of thermal (power) cycling. They form the
final link in the chain of technology that makes the
BDWS55 and BDWS56 scries of power transistors the most
advanced now available.

The test programme reported here was carried out on
the BDWS5. A similar programme carried out later on its
p-n-p complement, the BDWS6, confirmed that the
results and conclusions apply equally to that transistor.
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Single-phase rectifier circuits with CR filters

Part 1 - Theory

A. LIEDERS

INTRODUCTION

The rectifier and CR filter combination seems, at first
sight, to be a simple enough circuit. Mathematical
analysis. however, quickly proves otherwise. The nature
of the problem is summarised by Martin (Ref.1):

“The half-wave diode rectifier with RC filter is a |
common electronic circuit and one of the simplest in

appearance. The appearance is misleading because it
has proved to be an exceptionally difficult circuit to
treat analytically. Indeed, as far as I know. there
never has been a successful analysis of a practical
circuit. Of course. certain hypothetical cases have
been treated in nearly every text book, but the results
obtained are of little practical use because the simpli-
fying assumptions are not valid in practical circuits.
The difficulty in treating the circuit is not one in
technique. because it will be apparent later that the
operation of the circuit can be outlined rather
accurately. Instead, the problem is primarily one of
the tedium in making graphical solutions of transcen-
dental equations, performing numerous integrations,
and so on.”
Later in his discussion, Martin writes:
“It is quite clear from the preceding analysis that it is
possible to compute the various factors of interest in
rectifiers with RC filters, but that it would be an
extremely time-consuming proposition. Fortunately,
a careful set of experimental determinations (author’s
italics) has been made by Schade and the results
tabulated in a universal system of dimensionless
parameters.”
Schade’s original work may be found in Ref.2.
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However. if one assumption is made. mathematical
analysis becomes relatively simple. This assumption is
that the filter capacitor charges and discharges linearly:
an assumption that is fully justified, provided that the
CR product of the filter network is much larger than the
period of the mains-voltage waveform. Furthermore.

_even when the CR product of the filter network is not

.much- larger than the period of the mains-voltage wave-
form, the use of this assumption yields results that
correspond closely to the measured values.

An analysis on this basis was first made by Kammer-
loher (Ref.3), who investigated thermionic rectifier
circuits. Unfortunately, not all the expressions needed
were derived. In particular, the expression for repetitive
peak forward current was omitted; this was apparently
not so important with vacuum tube rectifiers. Also. it
can be shown that Kammerloher’s expression for the
r.m.s. diode current is incorrect: it was derived from the
active power consumed by the whole circuit, and not
directly from the current flowing through the rectifier
itself.

The nomograms given by Schade arc valid for
thermionic rectifiers. but attempts to adapt them to
silicon rectifier circuits have not been completely
successful (Refs. 4 and S). This is especially true for
low-voltage circuits where the diode forward voltage
drop can no longer be ignored. Under these circum-
stances, the values obtained are in significant disagree-
ment with measurement.

The analysis given in the first part of this article yields
relatively simple equations for rectifier circuit design. In
the second part (to be published later). it is shown that
the values obtained from the equations agree well with
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which, with Eqgs.4 and 6. gives:

_ VLtV (cos(x—S) __ tanatand x—l)

s cosa cosd a

(7)

The charge that flows through R during the same
interval is:

+afw +a
. | .

Q = [ | odt =6f i _,dx (8)
—(:/w -a

do = o L
by the substitution x =cwt. Under steady-state conditions,
the same charge is drained by R; during the period of
the mains T = 27/w. Thus:

Q=IT = I 2n/w. ©9)

Equating Eqs. 8 and 9, and substituting from Eq. 7.
gives:

+a
1 .
lL =a f ll_de.
-a
+a
VL + Vg cos(x —8) tanatand
= — x — 1) dx.
2R cosa cosd a
-a
After integration:
I = T(tana—a). (10)

S

which is independent of 8. Putting I} =V /R gives:

VL +Ve R
oL P L (1)

tana —a VL R

Expression for &

The charge received by C during interval 1—2 may also
be written as:

Q = (v; —vpC. (12)
Substitution by Eq. 5, gives:
Q = 2C(Vp + V|:)tana tans. (13)

Again, under steady-state conditions, this charge is
drained by R during the interval 2—1’, so that:

Q= Ipty_yp
\% _
- L 2n-a) (14)
RL w
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Eqgs. 13 and 14 together yield an expression for tan §:
. VL
V + Ve

T—a
wCR| tana

(15)

tand =

Now that expressions are available for a and &. we
can derive the other equations needed for the design of a
half-wave rectifier with a CR filter.

At this stage it is convenient to introduce a dimen-
sionless quantity A, such that

V. +Vp Ry
A= —— - —
VL Rs

for a half-wave rectifier circuit. The value of a as a
function of A is tabulated in Table 2.

CALCULATION OF CIRCUIT VOLTAGES

The input voltage and ripple voltage are calculated as
outlined below.

Input voltage V

rms
It has already been shown (Eq. 3) that:

ViV
M cosa cosd

Thus, since: V= Ve V2,

it follows that the transformer open-circuit secondary
voltage is given by:
VL + Vg

V. .= —F/— .
ms.- (/2. cosa cosd

(16)

Ripple voltage V()
The r.m.s. value of the sawtooth ripple voltage is:
Va— vy

VC(rms) = 2\/3

Substitution by Eq. 5 gives:

(V| + Vp)tana tand
vC(rms) = t [ . (] 7)

The ratio of Vi, to Vy is the ripple factor r:

VC(rms) _ VL + VF

Vi ViV3

tana tand. (18)

.3, MAY 1979 157






CALCULATION OF FILTER CAPACITANCE

It follows from Eqgs. 15 and 18 that the filter capacitance
Cis given by:
_m-a

B rw RL\/_3 )

(19)

CALCULATION OF CIRCUIT CURRENTS

The r.m.s. and peak diode currents are calculated as out-
lined below.

R.M.S. diode current

Since current flows through the diode during the interval
1 -2 only, the r.m.s. value of the diode current is given

by:
: +a 1%

] .
]rms = 5;7 f ]21—2dx“ . (20)

-a

Squaring and integrating Eq. 7 gives:

+a ‘2 +a

j 2 dx = (Vp + Vi) ( cos?(x —8) N
-2 R J \ cos?a cos?$

-Qa -a

tan’a tan®§ W 2cos(x — 8)tana tan$

+
a? a cosa cosd

\

2tana tanéd
+ " x)dx.

2cos(x —8)
cosa cosd

This integration is performed in Appendix 1. where it
is shown that:

+a l 2
m
S i2)_dx = ( - (2 +m + p).

cosa cosd (tana — a)
-a

(21)
where:
sin2a cos2é
L =at+ —/—————-,
2
. o ainn
. . asina 2(sina — a cosa)
m = 2sinasin?®$ ( 3 ( " )

p = 2cosa cos28 (a cosa — 2sina).

Finally, combining Eqs. 20 and 21 gives:

17
L= I @+ m+p)m
rms cosa cosd (tana — a) 2

(22)
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Peak diode current

The peak value of i |_; is found by differentiating Eq. 7
and equating the result to zero:

diy _ VL + Vi (_ sin(x —8)  tana tan$ )=0

dx R cosa cosd a
and thus:
. sina sind
sin(6 — x) = Y

Now, putting (§ — x) = ¢ gives:

¢ = arcsin ( —Si"aa“"s) . (23)

so that:

. sina siné
x =6 —arcsin{———) .
a

Substituting for x in Eq. 7 and using Eq. 10 yields the
peak repetitive forward diode current:

mlp ‘ sina sind
hirne = cosa cosd (tana—a) (C L ©=¢)
— cosa cosd ) . (24)

This expression may be simplified by first considering
the one term:

sina sind

a (6 —¢) — cosa cosd

cos¢p —

cosd
which equals:

cos¢  sina tand
cosé a

(6 —¢) — cosa.

It is found that. with practical circuit values:

cos¢  sina tané
cosd a

b—¢) =1

to an accuracy of 0.1%. We can therefore simplify Eq. 24
to give:
7T|L

lgrM = m (1 — cosa). (25)

Note that this expression for 1 g is independent of 6.
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OTHER RECTIFIER CIRCUITS

So far, only half-wave rectifiers have been considered.
However, the expressions derived above can be readily
adapted to other rectifier circuits. Design equations for
the following rectifier circuits with CR filters arc given
below:

bridge rectifier (Fig. 4):
centre-tapped full-wave rectifier (Fig. 5);
half-wave rectifier (Fig. 6);

symmetrical voltage doubler (Fig. 7).

Bridge and full-wave rectifiers

In the expressions that follow, n=2 for the bridge
circuit of Fig. 4 and n=1 for the full-wave circuit of
Fig. 5.

(20)
' R,
tana—a = % (27)
T _
tand = 2 - . Mt
ano = wCR tana V) +nV’
2(3 - o) )
~ AwCRgtana’ (28)
V = 0. 29
rms \/2. cosa cosd (29)
i Vi +nVg _ tana tand
Vi V3
AR, tana tand 3
= . 0
2R V3 (30)
T
53— a
= ——F 31
JA
I _ Al 2+ m+p (32)
rms 2cosa cosd 27 ’
where 2. m. and p are as given for Eq. 21.
3 Al (1 — cosa)
LU TR (33)

Half-wave rectifiers and symmetrical doublers

In the expressions that follow, n =1 for the half-wave
circuit of Fig. 6 and n =2 for the symmetrical doubler
of Fig. 7.

- L . 34
nv R, (34)
tana —a = /1\ (35)
tand = n-a - d?
wCRy tana V| +nVp~’
T—a
B AwCRtana ° (36)
VL + I]VI:
V... = _—. 37
™S ny/2. cosa cosd (37)
- Ve Vv, _tanatand  m—-na
nVv, V3 T-a
R, tana tand T —na
= A— - ¢ . .
Ry V3 T—a (38)

This expression for the ripple factor r in a symmetrical
voltage doubler is derived in Appendix 2.

m—na
= f-ne_ 39

Ya
__ My [Q+m+p] (40)

| .
rms cosa cosd 2m

where €, m, and p are as given for Eq. 21.

Al (1 — cosa)

Part 2 will compare values derived from these equa-
tions with those derived from previously used methods
and from experiment.
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SINGLE-PHASE RECTIFIER CIRCUITS WITH CR FILTERS
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Inserting these expressions for a. b. d, g. h. and k into
Eq. 42 gives:
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where ¢, m, and p are as defined for Eq. 21.

Finally, combining Egs. 10 and 43 gives:
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UNDERSTANDING THYRISTOR AND TRIAC DATA

2) The 1%t at the r.m.s. working voltage must be less
than that of the thyristor taken over the fuse operating
time.

3) The arc voltage of the fuse must be less than the
VRrswm rating of the thyristor used.

A comprehensive and detailed discussion of the fuse
protection of thyristors and triacs is given in Ref. 2.

Gate-to-cathode ratings

The following gate-to-cathode ratings arc given in the
published data.

® VrGm: the gate peak reverse voltage.

° pG(AV): the mean power dissipation, averaged over a
20 ms period.

® PiM: the peak power dissipation.

The gate-to-cathode power ratings should not be
exceeded if over-heating of the gate-cathode junction
is to be avoided.

Temperature ratings

Two temperature ratings are given in the published data.

® T the storage temperature. Both maximum and
minimum values of the temperature at which a device
can be stored are given.

® Tj: the junction temperature. This is one of the
principal semiconductor ratings since it limits the
maximum power that a device can handle. The
junction temperature rating quoted in our published
data is the highest value of junction temperature at
which the device may be continuously operated to
ensure a long life.

As semiconductor manufacturing techniques improve.
so the junction temperature ratings of some new devices
can be increased. However, high junction temperature
ratings should not be quoted simply on the assumption
that the user will derate devices appropriately. Semi-
conductor failure mechanisms are temperature dependent
and continuous operation at an artificially high Tj max is
likely to result in reduced life.

This practice is distinct from the normal derating of a
semiconductor device that a user may choose to perform
in order to increase the reliability of a circuit.

Thermal characteristics

The following thermal resistances and impedances are
given in our data.

® Ryj, j-a: the thermal resistance between the junction of
the thyristor and the ambient (assumed to be the
surrounding air).

® Ry j-mb: the thermal resistance between the junction
and mounting-base of the device.

® Ry mb-h: the thermalresistance between the mounting-
base of the device and the heatsink (contact thcrmal
resistance).

Zy j-mpb: the transient thermal impedance between
the junction and mounting-base of the device. The
value given in the published data is for non-repetitive
conditions and a particular pulse duration. Under
pulse conditions, thermal impcdances rather than
thermal resistances should be considered. Higher
peak power dissipation is permitted under pulse
conditions since the materials in a thyristor have a
definite thermal capacity, and thus the critical
junction temperature will not be reached instan-
taneously., even when excessive power is being
dissipated in the device.

The published data also contains graphs of Zy, j-mb
against time (for non-repetitive conditions) such as
Fig. 6. :

The values of the various thermal resistances between
the thyristor junction and the surroundings must be
considered to ensure that the junction temperature
rating is not exceeded.

The heat generated in a semiconductor chip flows by
various paths to the surroundings. Fig. 7 shows the
various thermal resistances to be taken into account in
this process. With no heatsink, the thermal resistance
from the mounting-base to the surroundings is given by
R'th mb-a- When a heatsink is used, the heat loss direct
to the surroundings from the mounting-base is negligible
owing to the relatively high value of R’y mp-o and thus:

Rth mb-a = Reh mb-h + Reh h-a- 2)

Where appropriate, our published data contains
power nomograms such as that in Fig. 8. These nomo-
grams relate the total power dissipated in the thyristor
P. the average forward current I(ay), the ambient
temperature T,y . and the thermal resistance Ry, nb-a-
with the form factor a as a parameter. They enable the
designer to work out the required mounting arrangement
from the conditions under which the thyristor is to be
operated.

Usually, the nomograms are designed for use in 50 Hz
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the semiconductor technology employed. This article
describes the design and construction of a digital modu-
lation stage for data-transmission applications in the
form of an I? L circuit, with particular attention to these
two aspects.

H. Heyns. H.L. Peek and J.G. van Santen: Image
sensor with resistive electrodes

Sensors based on charge-transfer devices (CTDs) are an
important category of solid-state image senscrs. They arc
small silicon chips in which once in every frame period
an optical image, converted into a pattern of charge
packets, is shifted via vertical CTDs to the bottom of the
image matrix. where it is processed into a video signal by
means of a horizontal CTD. Difficulties involved are the
low blue sensitivity (dense electrode system) and
‘blooming’. The article discusses an image sensor in
which the vertical transfer takes place in ‘potential
channels’ with a vertical gradient produced by resistive
electrodes. The image matrix of 4.2 X 5.6 mm has 300
lines and 200 columns. Each line is transferred in a time
much shorter than a line period; the rest of the time is
available for the removal of charge due to overexposure.
Since the electrode system is not very dense, the sensor
is also sensitive in the blue.

L.D.J. Eggermont, M.H.H. Hofelt and R.H.W. Salters:
A delta-modulation to PCM converter

The development of LSI circuits makes it possible to use
digital techniques in a telephone nctwork, both for
transmission and for switching. This can have consider-
able economic advantages, provided the analog/digital
and digital/analog converters are inexpensive. This
implies that the use of expensive analog filters has to be
avoided. The article describes an A/D converter in which
the analog signals are indirectly converted into the
standard PCM code via an HIDM code (‘high-information
delta modulation’). It is shown how the conversion of
this intermediate code into the PCM code can be
resolved into its elementary functions and subsequently
combined so as to produce a design suitable for fabrica-
tion as an LSI circuit. A description is given of the
design of the circuit in an LSI technology that combines
a high packing density with low dissipation. The tech-
nology used is four-phase dynamic MOS logic.

A.G. Bouwer. G. Bouwhuis, H.F. van Heek and
S.Wittekoek: The Silicon Repeater

The Silicon Repeater is a machine that makes repeated
and reduced projections of a single photomask with
accurate positioning on a silicon wafer coated with
photoresist. The use of this machine greatly simplifies

RESERACH NEWS

the production of integrated circuits. In addition, the
absence of mechanical contact between wafer and mask
minimizes the risk of damage to mask and photoresist,
thus improving the yield of the production process. The
exposure of a three-inch wafer takes two minutes; the
positioning of an exposure, and the realignment of the
wafer after an intermediate operation. can be carried out
to an accuracy of about 0.1 um. The smallest details in a
circuit can have a dimension of 2 um.

J.P. Beasley and D.G. Squire: Electron-beam pattern
generator

An electron-beam machine for making complex and
precise patterns such as those required for integrated
circuits is described. A 0.25-um diameter beam of
clectrons controlled by a computer draws patterns on a
metallized substrate covered in electron-sensitive resist.
After development and etching a pattern is produced
(maximum dimensions 42 X 42 mm) which can be used
directly or as a mask to be copied by other means. A
two-stage deflection system is used. The first stage
(relatively slow) deflects the beam to withina 2 X 2 mm
squarc, thc second stage (relatively fast) draws the
appropriate part of the pattern inside the square. The
pattern is made up from trapezia of maximum size
32 X 32 um. The patterns can be positioned to an
accuracy of +3 um with the aid of a set of markers pre-
deposited on the substrate. A complete mask containing
details as small as 0.5 um takes 1 to 3 hours to draw.

J.P. Scott: Electron-image projector

An electron-image projector is a machine for reproduc-
ing very fine patterns rapidly and at high resolution.
Electrons are emitted from a photocathode material
coating the mask and are accelerated and focused on the
substrate by highly uniform electric and magnetic fields.
This exposes an electron-sensitive resist coating the
substrate and so reproduces the pattern at unity magnifi-
cation. The PRL projector includes a number of new
features which have made the method more generally
applicable for the production of integrated circuits than
hitherto. These include the use of caesium iodide as the
photoemitter material, a new design for the magnet and
a method of automatic alignment using Bremsstrahlung
X-rays, including improvements to the signal detection
and processing. The machine has been in use for two
years and achieves an alignment accuracy of 0.1 ym and
a resolution (limited by back-scattering of electrons in
the substrate) of 0.3 um. The complete cycle of loading,
pumping down, alignment, exposure and removal of the
processed slice takes about 3 minutes.
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Une fiabilité éprouvée; transistors de puissancc moyennc or-or
BDW55/56

L'n utilisant la métallisation de la pucc par unc couche d’arrét
titane-platinc-or en combinaison avec la liaison cutectique or-sili-
cium ct la passivation du verre, unc nouvelle famille de transistors
de moyenne puissance sous cnveloppe plastique a ¢té introduite,
susceptible de remplacer les transistors sous boiticr métallique
hermétique TO-S. Un programme d'essai effectud sur le BDWSS,
lc premier de ces nouveaux transistors. a démontré qu'ils ¢taient
insensibles a I"humidité ct aux cffcts de la fatiguc thermique ct
de I’électromigration dans les limites de fonctionnement maxia
mum absolues. A la suite dc cc programme, la température de
jonction maximale de 150°C a ¢été élevée a 175°C pour les
besoins de la production. Des mesures ont été prises en vue
d’éliminer la causc principale dc défaillances prématurées et de
rendre pratiquement inutile tout essai préliminaire a température
maximum.

Circuits redresseurs monophasés avec filters CR
1¢re partic — Théorie

L'association de redresscurs a semi-conducteurs ct de filtres CR
est examinée de fagon détaillée dans cct article composé de deux
parties. Dans la premicre partic. le circuit form¢ par I transfor-
mateur alimentant le redresseur a unc alternance ct le filtre CR
est analysé ¢t de nouvelles équations, simples ¢t exactes, en sont
tirées. Des équations similaires pour des circuits doubleurs dc
tension symétriques, des redresscurs a double alternance et en
pont sont égalcment présentées.

Compréhension des données relatives aux thyristors et aux triacs

Les donndées publiées pour notre gamme de thyristors ct de triacs
sont décerites ¢t expliqudes: une breve description des caractéristi-
qucs des thyristors et des triacs est également présentée. Larticle
montre comment des données peuvent étre présentées d'unc
facon trompcusc. et justifie lc contenu et la présentation des
données que nous publions.

Caméra linéaire P2*CCD 500B

La caméra linéaire P2CCD 500B comporte 500 scnscurs optiques
ct peut étre utiliséc pour analyscer des diapositives ou des films
afin dc les reproduire sur écran de télévision. Un dispositif qui
permet d’analyser les diapositives couleur est décrit: il comprend
trois caméras dont chacunc est réservée a unc couleur primaire
différente; la fagon de modificr cette installation pour analyser
les films est dgalement indiquée.

ABSTRACTS

Fiabilidad comprobada: transistores de potencia media oro-oro
BDW55/56

I:lmplcando metalizacion de chip titanio-platino-oro en combina-
¢ion con unidn cutéctica silicio-oro pasivacion de vidrio, sc ha in-
troducido una nucva familia de transistores de potencia media
cencapsulados en plistico que pueden recemplazar transistores en
capsula metdlica hermética TO-5. Un programa dc prucbas
llevado a cabo con cl BDWSS el primero de los nucvos transis-
tores, demostrd de forma concluyente su inmunidad a la humedad
y la ausencia dc los efcctos dc la fatiga térmica y electromigra-
cién dentro de sus Valores Maximos Absolutos. Como resultado
del programa, la temperatura de unidon mdxima de disciio de
150°C se aumentd a 175°C para los dispositivos de produccion.
Se han tomado medidas para eliminar la principal causa dc tallos
prematuros y hacer virtualmente inmccesario las prucbas de
choque térmico.

Circuitos rectificadores monofasicos con filtros CR
Parte 1-Tcoria

I'n este articulo ¢n dos partes se considera en detalle la combina-
¢ién rectificador semiconductor y filtro CR. En la primera parte
s¢ analiza el circuito rectificador de media onda alimentado por
transformador y filtro CR.y se deducen nuevas, sencillas y exac-
tas ccuaciones. También sc presentan ccuaciones similares para
los circuitos de ondc completa, pucnte y doblador de tension
simétrico.

Interpretacion de los datos de tiristores y triacs

Sc describen y explican los datos publicados para nuestra gama
de tiristores y triacs; sc da también una breve descripcion de las
caracteristicas dc tiristores y triacs. S¢ muestra como los datos
pucden ser prescntados en forma equivoca, al propio tiempo que
s¢ justifica ¢l contenido y la presentacion de nuestros datos
publicados.

El captador de imagen por lineas P2CCD 500B

I‘] captador de imagen por lincas P2CCD SO0B incorpora 500
fotoscnsores y pucde ser empleado para cxplorer diapositivas o
peliculas para reproduccion por television. Se describe en cquipo
para exploracion de diapositivas de color que consta de tres
captadores de imagen por lineas cada uno de los cuales responde
a un color primario distinto, y se indica como puede modificarse
cl cquipo para explorar peliculas.
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