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expanding due to the revolutionary conceptuali-

sation and fabrication of electronic devices. The
province of ‘device-and-circuits’ did not surrender to the
explosive flare-up of integrated circuits, which started in
the early 1960’s. Even though among the jungle of in-
tcgrated circuits discrcte components got reduced to a
mere biemish, which spoilt the beauty of the PCB layout,
nobody could question their capabilities in protecting the
organised jungle. Discrete transistors and diodes still en-
joy superiority in the functioning of most silicon marvels.
In recent years emphasis has been almost completely on
the development of the semiconductor diodes.

T he boundaries of electronics are continuously

More than a dozen semiconductor diodes have come to
the fore in the last fcew decades. Of these rectificr diodes
including detectors, zener diodes and LEDs are ubiquit-
ous. The development of discrete devices, such as trans-
istors and diodes and their associated technology, did not
come about overnight. Much research by many comp-
anies and institutions was needed for more than three
long decades and millions of dollars were spent. But
through many decades the pacc of technological progress
changed dramatically. The integration of several existing
technologies paved the way for an envisioned chaos.
Many of the discrete components had ceremonial burials
in the substrates of integrated circuits. Fortunately, the
life and times of such devices could be investigated with-
out formal exhumation.

Zener diode is not a babe in electronics. In the first
half of the 1950’s zener devices entered inlo the world of
silicon marvels just as a condiment amongst transistors,
resistors and capacitors. By its very nature a zener diode
looked like an ultramodern device, and hence designers
who wanted to move with the times were too eager to go
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in for it. The concept of zener breakdown seemed a hare-
brained idea at first. but then it proved that it could
revolutionise “Electronics under the Sun.” Now the
zener kingdom is spread from the discrete components to
VLSI, and it continues to expand to each and every
possible nook and corner of electronics. Present-day
electronics can survive without zeners, but cannot flou-
rish. In popularity, zener devices are second only to
transistors. If properly designed, one can install a zener
device in a circuit and forget it.

The story of zeners began as early as in 1934, much
before the deluge of discrete semiconductor devices. Dr
Clarcnce Zencr, an American physicist, predicted the
possible breakdown mechanism (sce box) in dielectrics
or insulators. Later when semiconductor junction diodes
were fabricated and used. three possible breakdown
mcechanisms were observed and one of them was exactly
what Zener had predicted. The remaining mechanisms,
Avalanche and Tunnel, are also extensively observed in
junction diodes under suitable doping concentrations
and applied potentials. Diodes rooted from these three
breakdown conditions are available worldwide. Modern
zener diodes are as wrongly named as they arc unfairly
treated. If-a device has to be named after the innovater it
should be ‘zeners® below 4 volts and “avalanche® above 8
volts rather than only zeners, because most of the zeners
are produced to operate in the avalanche region, which
has an altogether different breakdown mechanism.

The quintessential zener breakdown occures only be-
low 4 volts of reverse bias while avalanche takes place
above 8 volts of reverse bias, and both these are present
between 4 and 8 volts. Nowadays, the zener and
avalanche mechanisms are collectively known as ‘zen,
ers’, even though the.w modes of operation are essen-
tially dissimilar. This quizzical situation was forced on
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the consumer by the clectronics pundus in the carly
1950°s. The vague outlines of compromise do exist in the
imbroglio.

Zener parameters

The critical parameters of a zener diode in practical
designs could be defined with the help of an ideal zener
model. A simple but workable zener model is a combina-
tion of a battery of voltage Vz connected in series with a
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fig. 1: ideal Zener Diode.. ,

resistor Rz. A current Iz flows opposite to the direction
of Vz. For a given family of zencr diodes, principally
three fundamental parameters decide the nature of its
function (see Fig. 1). They are Vz, Rz, and 1z. The de-
rived supplementary parameters arc: power capability,
operating temperature, temperature coefficient, noise
factor, peak inverse voltage, junction capacitance and
package.

Zener breakdown voltage, better known as *zener vol-
tage’, ranges from 3.3 volts to 200 volts. The preferred
values are 3.3,4.7,5.1,6.2,9.1, 10, 11, 12, 13, 15, up to
200 volts. These voltages could be increased in steps of
‘contact potentials’ of germanium or silicon diodes (0.3V
and 0.6V), by connecting in series with the zencr devices.
For spccial applications there are high-voltage zeners
which are tailored according to the needs of the specific
problem. Just like resistors, zeners are also tattooed
along with its tolerance. A near zero per cent of 20%
tolerance levels are normally found in the market. As a

CONTAC!
POTENTIAL
1

\ WEVERGE BtAS (VOLTE) l

' 800 ° 000"
FORWARD BIAS mV

standard norm, with no suffix on the device type, toler-
ance level is 20%, a letter A is added for 0% and letter B
means 5%. However, this is not a hard and fast rule.
There are different standards accepted by various
manufacturers. Tight tolerance zeners with 19 to 3%
are also available in the market. Moreover, data sheets
spectfications do not necessarily always show the same
charactesistics for the similar type of zener devices.

Zencr impedance Rz and zener current Iz are inter-
related (Fig. 2(a)), simply because reverse breakdown
voltage is not totally independent of zener current. How-
ever, the steepness of the zener region depends on the
doping at the time of manufacture. The resistance in this
region falls to a very low and constant value. It implies
that when a zencr diode is operating in the breakdown
region, a small incrcase in voltage will produce a large
increasc in current. Indecd, zener impedance increases
with the increase in breakdown voltage. A 12-volt zencer
1N4057 has an impedance of 25 ohm, a 75-volt zener
IN4073 has 250-ohm while 1N4085, a 200-volt zencr has
1350-ohm at a specified current level. The maximum oc-
curs at the ‘knee current’. Below the knee current
dynamic impedance shoots into a very high value. Zener
impedance is an influential factor in voltage reference
circuits.

In the majority of the zener devices in order to operate
over its knee voltage or in its well defined region of op-
cration a current of about | mA must be applied through
the device. The maximum permissible value of zener cur-
rent is always restricted using a resistor in scrics with the
zener. It is safe to use the zencr in its recommended
currcent range. An casicr and popular term *power rating’
is more expressive because it is the product of zener
breakdown voltage and maximum zener current. Com-
monly available power ratings arc 400mW, 1W. 3W,
tOW and 50W. Other power ratings are also available for
specially tailored devices. As in the case of any electronic
component, a safety margin of 25% to 50% is generally
adopted to avoid possible high drain complications.

Power derating with ambicnt temperature, a common
weakness with the majority of semiconductor devices, is
perhaps maximum in the case of zener diodes. For exam-
ple. a 250mW. 5% tolerance zener IN4099 has a derating
factor of 1.44mW/°C. This zener can dissipate 250 mW at
25°C, 200mW at 50°C and 125 mW at 100°C. In power
devices, package and related heatsink designs are ade-
quately pertinacious. Zenerdiodes are available in diffe-
rent packages such as light-weight (0.2 gm) hermetically
sealed rugged all-glass case to heavy (30 gm and above)
screw-cap types. Heatsink facilities are provided in high-
wattage zener tc encounter the heavy derating factors.
Usually low:wattage (25W) soldering irons are preferred
and soldering should be done very quickly, ¢ven though
they have a rated soldering time of 60 to 90 seconds. In
case the terminals need to be bent, a distance of 5 mm
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from the body surface should be left betore bending the
terminal leads as needed. Normal non-destructive stor-
age temperature is around -55°C to 175°C.

Low-power zcners are availabie cither in hermetically
sealed cases of metal and glass or n plastic encapsula-
tion. The former work better at higher temperatures and
are reliable in severe environmental conditions. Plastic
devices, which are historically unrelaible, have heen
drastically improved in recent years. They have remark-
able reliability when operated in their specified condi-
tions and are usually less cxpensive than the hermetically
secaled devices.

Zener diodes. like any other dinde, do possess a for-
ward breakdown too! This parameter varies from device
to device within a range of 100 to 1000 volts. A viable
arrangement for only forward biascd end results may be
problematic because of the existence of negatively biased
breakdown voltage. However. a controlled forward bia-
sing is not at all destructive.

Junction capacitance, which yiclds no usetul results in
zener diodes, regulates the speed parameter in its swit-
ching opcrations. Typically, it varies from 20 to 700 pF.
For any family of zener diodes, junction capacitance de-
creases with the increase in reverse voltage because of
the expansion of “depletion region™. For example, a 3.9-
volt zener may exhibit a junction capacitance of 500 pF
while the capacitance is 10 pF in a 100-volt zener diode.
Temperature is one of the factors which helps fluctuate
the junction capacitance in zener devices

Thermal dependence of zener and avalanche mecha-
nisms are opposite in paturc. Avalanche breakdown,
which occurs above 8 volts, increases with temperature
while zener breakdown voltage decreases with tempera-
ture. Between the pure zener and pure avalanche types
of breakdown there is a region in which temperature
cocfficient is zero. Zencr diodes with reverse breakdown
around 6 volts exhibit this characteristic. The majority of
buriced zener diodes in integrated circuits have sclected a
breakdown voltage closer to the zero region of the temp-
crature coefficient. Temperature-compensated discrete
zener diodes are made by exploiting the differing thermal
characteristics of forward and reverse biased junctions.
A forward biased junction has a ncgative temperature
coefficient of approximately 2mV/°C and reverse biased
junction up to 5 volts has a positive tcmperaturc coeffi-
cient of same amount.

Because of the overlapping of the characteristics of
zener devices, temperature coefficient takes a near zero
level at a definite optimisation point. If this current is
maintained by a well-regulated constant source, therma!
drift could be eliminated. An ordinary rectifier diode
biased in forward direction connccted in series with a
reversc biased zener also can neutralise the temperature
drift to a considerable extent. Often a well-defined clus-
ter of forward and reverse biased junctious results in a
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Fig. 2(b): Temperature compensated zeners,

higbly reliable drift-free zener reference (Fig. 2(b)).

Zener noise

Zener devices generate noisc when they are biased in
the zener range. 1ts classified inte ‘microplasma noise” or
‘white noise’ which usually emerge with constant amp-
litude up to a frequency range of 200 kHz, and ‘resistive
noise” due to the internal resistance associated with the
device. For zener diodes,total noise density exceeds 250
microamperes,

Microplasma noise is the major constituent of zener
noise density. This is closcly related to zener breakdown
phenomenon. Since zener devices are doped heavily, the
clectric field across the depletion region is very intense,
of the order of 300k volts cm ~!. This can disrupt the
bonding pattern within the atom and generate carriers in
excess. Under the reverse bias conditions, charge car-
riers could be drawn through a narrow depletion region

TABLE| | |
Variation of Temperature Coefficient, WMM
Current of JEDEC Registered Zeners -
Type Zener Voltage 1 2
Z, volts mA  Ohm
IN 4057 124 10 28 QMY
IN 4059 16.8 10. 0. e
IN 4061 21.0 10 35 008
IN 4064 . 30.0 0. 50 0 008 -
IN4066 . 37.0 15 B e
IN 4069 51 7.8 9 reed
IN4071 62 N i - RTINS "
IN 3074 g 0 s oMt
1N 4078 108 28 700 - 0 .
IN 4081 130 28 840 9488
IN4OR3 . 1% 25 1029% - 0%
1350 0,79 -

IN 4085 200 28
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without chaotic collisipn between charge carriers and
molecules. Under this tunnclling process a constant amp-
litude noise voltage of many different frequencies are
generated. Indeed, noise density increases sharply as the
current increases. Typically, noise density is around 35
microvolt per square root cycle at 50 microamperes and
comes down to 10 microvolts at 0.5 mA (for IN4115)

The ‘resistive’ type zener noise is similar to thermal
noise Conduction band electrons, which are loosely held
by the atoms tend to move randomly in different direc-
tions. colliding with other atoms in the structure. The
resulting noise has a wide spectrum, The amount of noise
produced s dictated by temperature, bandwidth of the

system and the size of the zener device. Normally, this
type of noise voltage increases with temperature, band-
width and zener resistance. Zcner noise density is speci-
fied and the bandwidth, junction temperaturc, and the
current level at which the system is operating,
Elimination or reduction of zener noise at lower fre-
quencies can be done by a properly selected filter capa-
citor. However, in many applications, this method may
result in the degradation of voltage regulating proper-
ties. Moreover, zener capacitance decreases as the zener
voltage increases. High-voltage zener bridle the propa-
gation delay than the lazy low-voltage conglomeration.
Under the biased conditions any junction can be re-

: primary criterion of electronic devices.
The Zener Sfory In the year 1958, breakdown mecha-
T he innovations of an American nisms in the p-n juactions gave a com-
Physicist Clarence Melvin Zener on . iplete and clear-cut picture, by the pre-
the behavior of the dielecirics subjec-  diction of the funneling effect. in the
ted to high voltage were first cited:in ‘gormdnium ‘p-n junction by Dr Léo
the Proceedings of the Royal Saciety 6f Esaki, a reputed member of a smoli re- .
London. According to his thebry, the ‘search imqi the'Sony Carporation; '
breakdown in dielectrics is asociated” Tokyo: Another mechanism, calied av-
with the inter-band transitions induced: “alanche ‘bregkdown, wos also’ abser-
by very large fields (1Q%V cm). .In. ved in.p-n junctions. This showed that
these high Tields electrons could be -there are three possible mechanisms in *
disrupted from the volenice band ond the breakdown of p-n.junctions, viz
raised to the conduction band. This “zener or field emission, avalanche and .
process is fairly fast anough 1o pro- tunneling mechanisms. Zener effect is
duce a large breakdown currem‘.'g - predominant below 5 volis while ava-
er's “theory of dielectric breakdown” Ianche takes over above 8 volts, ond
did not hint at any immediate proctical  both these effects ore present between
possibilities in the dormant world of  § and 8 volts. Incidently, o majority of
semiconductor technology. Even Zener the preseni-day zener ‘devices have
could not have fully appreciated the breakdown vollages exceeding 8 volts.
relevarice of his investigations fo the Since zener diodes include avalanche
Silicon world, ‘ : and zener breakdown mechanisms in
During ‘the late 1930's und early various voltage levels, their christenin? \
1940’s, silicon and germanium recei- ‘was only historical — not functional.
ved a great deal of attention for the Critics got the bone of contention;
fabrication of contoct ‘diodes. By this zener diodes are a technical mis-
time the effect of impurities, which de- nomer. Indeed, Clarence Zener js-not
teremined the elecirical behavior“of only @ genius, but also veryluckyl
semiconductqrs, was understood with:  Born on- December 1, 1904, Zaner |
out much ombiguity. Techniques to hails from Indianapolis, America. He
grow .single: crystals ‘of 'silicon ond  wos educdted in Stanford University. |
germanium hdd -also. reached: near  and finished his £h. D from Horvard .
perfection, Before long, p-n junclion  University in Physics. The mojority of
diodes:and transistors come into exist-  his inhavolive wiorks weré completed -
gnce. Amazingly, the: phanomencn of  while he was in BristolUniyersity, Eng: °
brackdown currents ‘wos obseived in' “lond. - Loter he taught enzﬁm_; )
the p-A junction diodesisol This asyl: Wh;hinm University and City col- '

in the generation of @ tew clats of - lege of York::Diring.the peisk of - -

iconductor " devices . collad . ‘zener ihg. Second World Wdr ‘e ioined the «

es’”. In the early 1950’s production Untvq&&izﬂf CMi-qm a:Prafessor of '
of zener diodes matched.the produc-  Physics: After it W q‘;mepiad the
Yon of tronsistors, Zener devices won  associgle - directarship 'of researel

2 - it W’h ship "of researeh
wide acceptance’ among consumers, loborolories in Westinghouse Electri
mainl becmsig‘fdth_eirn ility to excel & vyt pii G
over the giant ¢ cotiode gus-iled - CornegieMellon University, Pitsburg,
yoltage regulator tubes, o fop 4 all;  accepted hini as the professor of Phy- -
tust s today, minialurisationhecomes . ‘sics. He is :

‘tronkc

-ase ore filted

Lorporation.. 10 Yhe. ot . 1960%

o reputed member of  pg

National Academy of Science of the
U.5. Within this spdn, Zener received
numerous covetable awards in Theo-
retical Physics and Engineering. .
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d with inert gases sych &5
neon at proper pressure; A constant,
vollagé drop is developed across the
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late. the valtage across the load, made
them superior among their contempor-
ory devices used for the similar
purposes. o .
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the centre of a metallic concentric
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area of the cathode, and as thetarmi-
nal- voltage is increased” this orea
gows lgrger, permifting more curfent
fo How with mmrmm?mih
termined voltoge, A currént of 5 ik 'is,
required o keep the gus ionised prop-
erly, It can, howaver, drow currents up
1o 40.mA. 1f the DC potentiol arross the:
VR tube is fevisrsed, less current wilt
flow fhrough the tyba, a_ltho%--‘it can]
regulate small Jaad currenis. e’ some
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boundary between these two regions is * cling siole. 4o . Hegathe : conghiclion
colled & p-n junction. The junction is . The- -of froe electrons
demarcated by a nevtral region called  is ﬁh the dmg ofa missi of delached
‘deplehon region. The net flow of snow suddenly Ml, ﬁms !hc
xzharge in any one direction with no gp- * nGme ; Qanﬂ\lbuqz
JEMFvszerolthenrogmnli Awalanihe bieakdown Sccurs ysu
neguﬂvelybnosedwﬁhrespedfe’!hap oﬂymleﬁ mnm
region, current will flow because of fhe aoh the cohesniiion of charge car
mohon of electrons from n n
ion and holes from the p increg-

on io on. If the vaita 'l'g:krm ﬂmpMudiof
?eversed elad?ogr:s and holes will bc mwﬂﬂﬂtﬂdmﬂmﬂnﬁu in-

Even |Hhemte?nﬂl;urrminmm- mmﬂwﬂ*
osedofbofheledrommdholm . ‘Fedudhion in momantum fo s 1he in-
2xternal current is consfitted & chﬁ- ‘cratued W vibrafion. Md“mﬁ
trons only, since external
have onlzvdeclrons for elecirical cen- Mhﬁd\!
duction. Whether the semiconduciar i ‘oge has ko be raised
‘intrinsic ot extrinsic, ev‘rr eletiron de- MM
tachment from the bond laaves a hole  an'oVdionche M‘M’
or electron vacancy in the valence
fevel. Since frme electrons and hales -
are simultoneously created ot the da- - the }
strudlonﬁﬂhlbond itis ref.mdiqu . di
the ganergtian of electtin-hale pa ; ‘oral
Avalanche brankdown, th vivof e
; Asthcl:muppﬁogyvaﬁugabe- bia: ecvou'
‘comes thecmy! W
elecirons’ iy’ Jjunchon region ore  produce:d Yisid,
fccdarahd towarts theirap o
onfy of the

R TN

'holas and on the other side negatively umlo!aﬂoa pmd whlth!b.nua m mm in lhe rtdpawn of
_ bregkdown voltage. - ‘

" Tunsiel offpct

-'bﬂdyohboam urities in the semicon-
Ammmm valm'

pulled away from the junction orec, re-  Sreciet with teinperpiure. The increa-
sulting in o very hcgh opposition fa the 'sud_lofticn vibration shortens e dis-
flow of current. ' Hi-Garnine irdverses before Kit- - carrier

iously, a -, |

phmmcnon Hbmovﬂ»_.

Tunnel effect was first predudod by
Dr Laa Esaki in 1958. This effect iakes
place in @ p-n junction diods which is

until # reaches the fimit of solu-

ductor material. in this heavily doped
condifion the depletion region reaches
tive level of o few fractions of a micro-
;uﬁn Under o nominai emmugl' vol-
age, charge carriers gMain sufficient
my o, Mﬂd their way threu tho
vdchy m"!h whi¢

undron n
l(dﬂ Henecfn-

ndmmlv

ELECTRONICS FOR YOU



amongst the:tircuit designers,

White noise hos o complex wave-
form. Ut is found over o broad but well
defined bandwidth.Theorefically, it can
be constityted from oll the probable
frequencies up to infinity. The power
density ‘of the spectral domain is al-
most constant, So it has equal energy
in each-and every. frequency domain.
‘White noise is etiuuﬂy'sprmd in the
audible range tool It is just like o beam
of light, composed of different colours,
visible fo.the human eye. It may help to
produce ‘snow’ on the picture tube, but
ils --?gme “has an; aitogether different
Pink. noise ‘also. has ‘many of the

white noise properigh. The major dif-

ference is thot it coniains equal energy

levels'in each octove of ils spectral do-

maih. The ' chatacteristic frequency
ratio corresponding to the ociove
interval is two, each next higher octave
?ossesses twice the number of discrete

requencies below it. Since the pink

noise has o acquire equal amounts of
energy in each and every oclave of its
spectrum, the low frequency compo-
nents of pink noise have higher amp-
litude than high frequency domains.
_Noise is often quoted in terms of
signal-fo-noise ratio, abbraviated as
S/N.However, other units, such as volfs
per square root of frequency, are also

populdr, 5/N is the ratia of the signal
power to the noise powar. If the signal
ower is 100 times the noise power,
hen S/N is100. Higher the /N, better
the device. I v
‘Noise figure! or ‘NF' is onother
parameter used fo specify the immunity
of a device' to the noise. For any
electronic device NF is the ratio of o
inrut $/N to the output $/N; and is usu-
ally expressed in decibels (dB). NF
tends to be unily if the device does not
add ony noise o the desired input sig-
nal. A higher NF of o device is on indi-
cation of its weakness in protecting the
desired signol from %ﬁe expected
assault of noise voltage. i

garded as a parallel plate capacitance. This parasitic
capacitance, better known as ‘transition capacitance’, is
related inversely as the width of the depletion region. An
external capacitance parallel to the zener increases the
capacitance effectively, which in turn decreases the
resonant frequency of the circuit.

The diac controversy

The ‘diac’ a bijunction, negative resistance pnp trig-
gering device, appeared in the market with an unfor-
tunate and misleading symbol, that has no resemblance
to the actual functions of the device. The unfortunate
symbo] was a combination of two back-to-back zener
diodes. Later it changed to another ccnfusing symbol
(Fig. 3(b)) which directly hints at a parallel combination
of diodes. However, the symbol shown in Fig. 3 (c) is
gaining popularity and is more meaningful since diac
consists of two junctions which are heavily and equally
doped to project a mirror image breakdown characteris-
tics. Its structure is essentially that of a transistor. The
device blocks the flow of current for both forward and
reverse voltages up to the breakover voltage Vpo. On
further increase in current, the diac exhibits a negative
resistance region.

Zener nomenclature

More than 600 types of zener diodes have been regis-
tered with the Joint Electron Device Engineering Coun-
cil JEDEC), and a few thousand have heen marketed
under the manufacturers’ type number. It would be a
Herculian task to bring all the zener devices manufac-
tured and marketed by different agencies into a single
volume. In India itself more than 15 manufacturers are in
the field. Few of them follow JEDEC specification, and
the rest are adherent to Continental nomenclature in ad-
dition to their own house numbers.

According to JEDEC designation, all semiconductor
diodes are identified by the prefix 1IN, which hints at the
number of junctions involved in the function of the
device, followed by a sequence number. Well over a
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thousand semiconductor diodes have been specified by
JEDEC and 60% of them are zeners. About 200 zener
devices have an associated tempcerature compensation,
the remaining zeners are meant for general purposes.

i + | .1
@ ) ©

Continental systems had adopted a collection of two
letters followed by a serial number. Usually B or C will
appear as the first letter. in which the former represents
silicon based devices and the latter stands for gallium
based devices. The second letter is Z, indicating that the
device is 4 zener diode. The numbers may represent the
type of application. A version letter, which usually ap-
pears at the end, is used to designate the tolerance. In
addition to that the letter R indicates the reversal of
polarity in the configuration of the device. The normal

Fig. 3

TABLEH
Zener Noise Density:
Type Centre Freq.  Zener Current  Noise Voltage
K He mA . Microvolt rms
iN g2l REI- | B 15 0.1- £
200 7.5 09 . .
1ND35 2 758 - 8.0 ’
e ’.'«., 2m . LS 7.5 18 ‘
IN94L | AR 48 .
' - I . 25
AN 2620 (R | 10+ 24 ‘
b v 1 200 10. 2
N334 2 w10
) i 10 ‘ ::2-8 '
. JEDEC oghiteyed datg: bandwi®th S0z, o0 o v
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polarity is considered to be the connection of cathode to
the case of the device. Polarity band or notch indicates
the position of the cathode.

The old semiconductor nomenclature usually bears a
OAZ. followed by a serial number, where O means that
the device is a semiconductor, A stands for a diode and
Z -indicates a zener. This system is almost obselete by
the advent of JEDEC and Continental systems of
nomenclature.

Principal designations for zener devices amongst In-
dian manufacturers are FZ, 1Z, 3Z (EC), CMZ, CBZ,
CAZ, CZ, CV (CDIL), SZ (Semiconductors), HZ
(Hindustan), ZM (Ruttonsha) ... as usual, a subliminal
effort of individualisation and puppeteering of the hap-
less customers. And there is no sign of salvation in the
ncar future from this shabby assault on the customers by
the hopelessly ambiguous type coding. Can’t we have a
unique and easily accessible nomenclature for semi-
conductor devices, at least among Indian manufacturers?

The environment of resonant information centered
around Z has been short circuited unintentionally in very
many cases. The well-known EZ and GZ rectifier series
of the valve system caused much confusion in the zener
field on their way to oblivion. Siemens Low Speed noise
immune Logic or LSL series FZ 100 consists of basic
gates, JK flip-flops and counters. The majority of Philips

FRD xxx Z series are Random Accessible Memories. All
the Zilog and Ferranti chips have Z as the first letter.
The Ferranti’'s ZN414 which is an integrated circuit
in three lead TO-18 housing, is an RF to AF detector.
Anyway, atree is known by the kind of fruit it bears.
We can’t remove a speck out of another’s eye since we
have a log in our own.

Ideal ‘zeners’ without zeners
A well-knit transistor combination can also produce
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similar breakdown characteristics as that of a zener
diode. Constant voltage levels even well below 3-volt are
possible by this technique. These reference devices are
synthesised using transistors and resistors on a monoli-
thic integrated network. Even though the power hand-
ling ability is quite low, these devices have an extremely
comfortable temperature coefficient, which is the critical
factor in the majority of potential applications. Table I1I
gives an approximate comparision of reference networks
of semiconductor devices.

TABLE I
Monolithic Zener Reference
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Buried zener diodes

MOSFET belongs to the first successful integration of
semiconductor device with integrated circuit processing.
The basic modes in the fabrication of MOS devices are
the ‘depletion’ mode and the ‘enhanced’ version, of
which the former is more frequently used. They have a
high resistivity substrate to minimise the influence of
substrate bias on ‘threshold voltage.’ Boron implantation
technique in the channel provides the best trade-off bet-
ween ‘threshold voltage’ and ‘punch-through’ voltage. In
VLSI, the effective chanael length is only a few micro-
metres and the thickness of gate oxide is 600°A, while
line width ranges up to 5 micrometre.

The potential problem in the fabrication of MOS is the
sneak paths of capacitive coupling associated with the
fringing of the electric fields. In an ideal case the electric
field intensity in the gate electrode must be perpendi-
cularly incident. An increase in the gate insulation will
result in distorted field intensity at the drain depletion
region. The breakdown voltage is controlled by the pro-
ximity of the gate electrode to the depletion region. The
radius of curvature of the junction region called the
‘junction curvature’ holds the trump card of the break-
down voltage. For a given impurity concentration the
breakdown voltage increases with the increase in junc-
tion curvature. However, the reduction in the average
breakdown voltage has been observed as a direct func-
tion of the separation of the edge of the drain diffusion
and the gate electrode. This is because o: the overall
redistribution of elec*ric lines of force near the drain
region, causing the high level fringing of ficlds towards
the gate electrode. This sort of reduction in breakdown
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Fig. 4: Buried zener diodes.

voltage is acute if the gate electrode is grounded or even
if it is feft floating. The resistivity of the substrate or high
doping concentration have very little effect on the reduc-
tion of breakdown voltage. Thus a conventional MOS
gives rise to a process limited breakdown voltage of the
order of 25 to 40 volts (Fig. 4).

The premature breakdown voltage in MOSFLETS is ex-
tensively utilised to provide ‘zener protection’ for the
MOS devices. This zener shiclding prevents the effects of
high voltage spikes and static charge rupture. A groun-
ded gate clectrode acts as a “zener diode” of the conven-
tional diffused structure. Since the oxide layer between
the gate and the semiconductor s of the order of few tens
of angstrom units, 1t is easily ruptured by relatively low
values ot transient voltage. Even human beings can be-

come chaiged to voltages beyond 20 kV, just because of

the friction between the skin and many types of materials
such as silk, fur, plastics and synthetic clothings. Buried

zeners provide a built-in protection against voltage,

transients. If the input voltage is greater than the break-

down voltage, the process limited zener diode will con-
duct — restricting the maximum voltage applied to the

gate electrode. This also chops off the input voltage of
opposite polarity applied at the gate, because of the for-
ward biasing of the newly formed zener at the gate input.

However, this is not important in Enhancement version

of the MOSFETs, because they don't require an opposite
polarity voltage to achieve the ‘on-off’ operation (Fig.

4).

Zener diodes formed by the process facilities have a
breakdown below the chip surface. This reduces the
noise factor and long-term instabilities caused by the
mobile charges in the surface of the oxide layer. The
typical noise voltage is of the order of 3 nV per square
root of frequency. Such buried zeners act as an excellent
reference too! The buried zener reference on the 12-bit
A/D converter AD567 is laser-trimmed to 10 volts,
within one per cent error limit. AD567, introduced by
Analog Devices Inc., in 1980 uses a buried zener design
combined with an on-chip ‘Silicon-Chrome" thin film ‘ap-
plication resistors’ which arc also laser-trimmed to the
final reference level. AD567 is a 14-DIL chip which gives
the 10-volt buried zener reference at pin 6 for the exter-
nal application in the system.

(To be concluded next month)





