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PHILIPS OC 170

HIGH-FREQUENCY
GERMANIUM TRANSISTOR

for application as oscillator-mixer in short-wave

receivers and as L.LF. amplifier in F.M. receivers

INTRODUCTION TO THE PHILIPS ALLOY-DIFFUSED TRANSISIOR

Up till now all Philips transistors were of the germanium p-n-p
alloy type. The new Philips alloy-diffused transistar OC 170 is
the first type in which, as its name indicates dlready, also the
new diffusion principle has been applied.

In practice it is very difficult to make allo¥transistors with an
average frequency cut-off above 20 Mc/s, because the base layer
thickness required for obtaining higher cut-offifrequencies is too
small to be realized by alloying techniffues which at the same time
must be suitable for mass production.

Diffusion, being a slow process, makes it “possible to obtain very
thin layers, because this process canbe controlled very accurately
by proper choice of diffusion temperature and time.

Due to the diffusionagradient of impurities is built in the layer
which is going to serve as the base laver. This gradient gives:
rise to the so-called drift effeget. adding another improvement to
the cut-off frequency.

Furthermore the diffusion gffers the possibility of obtaining a
very small value of the collector capacitance even together with a
relatively low value of the base Tesistance.

The problem of alloying an emisgtter junction and a base contact on
the thin base layer obtained by diffusion is solved by carrying
out the alloying and difPusion simul taneously.

CONSTRUCTION OF THE, PHILTBS ALLOY-DIFFUSED TRANSISTOR

The construction @fgthe OC 170 is quite different from the alloy
types as con be seen in“Whe schematic drawing below.

The transistor is bwilt up on a piece of p-type germanium on which
two small metglypellets are placed. Pellet B contains cnly an n
type impurity, "whereas pellet £ contains both a p type and .an n
type impuriliv.
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When this assembly is heated up toacertain temperature, germanium
will dissolve into the metal pellets until saturation is reached.

Keeping the assembly for a certain time at this temperature, dif-
fusion of the impurities in the pellets B and E takes place. This
means that the impurity atoms penetrate into the solid germanium.
However, the element used as p type impurity in pellet £ has such
a low diffusion constant, or in other words, penetrates so slowly
into the solid germanium, that the diffusion of this element may

be neglected.
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The n type impurity in pellet F and B has a much greater diffusion
constant. These atoms penetrcte from the molten pellets inte the
solid germanium, thus providing an n type layer underneath the
pellets. Because diffusion also takes place via the gas atmosphere
in the oven., the free surface of the germanium crystal is alse
covered with a thin n lavyer.

When now the assembly is cooled dewn, a layer of germanium re-
crystallises from the pellets as in the normal alloy technique.
The recrystallised layer of pellet E contains very many atoms of
the p type impurity and gives therefore a p type germanium layer.
The germanium layer recrystallised from pellet B is of course of
the n type because there are no other impurities in the pellet. So

this laver gives a non-rectifying junction with the diffused n
type layer.

After suitable etching of the unit and making connectiocns to the
germanium and the metal pellets, a p-n-p transistor is obtained,
in which the original p type germanium is the collector, and
pellets B and £ are base and emitter respectively.

SOME PROPERTIES CF THE ALLOY-DIFFUSED TRANSISTOR

Some important features of the above-described alloy-diffused
transister mayv be summarized as follows:

It is possible to make an n type diffused base layer of a few
microns only. This means that the transit time of the injected
holes from the emitter to the collector is very short,

Furthermore, the concentration of the impurities in the diffused
base layer is not homogeneous, but decreases when passing from the
emitter to the collector junction. This concentration gradient
produces a drift field in the base region, which reduces the
transit time. Due to this very thin base layer and the presence of
the drift effect, the cut-off frequency of an alloy-diffused
transistor is high, e.g. 70 Mc/s in the case of the OC 170.

The collector-to-base capacitance of the alloy-diffused transister
is small, e.g. 1.8 pF with the OC 170 at Veg = -6 ¥. This cap-
acitance is formed mainly by the depletion layer capacitance
of the collector-to-base junction. The thickness of the deple-
tion layer at a given collector voltage, and so the capacit-
ance, depends strongly on the resistivity of the collector ger-
manium magierial. In the design of the alloy-diffused transistor
the resistivity of the collector germanium can be given a high
value, compared with the specific resistivity of the collector of
a normal alley transistor. This, and alsec the very small dimensions
ef the alloy-diffused transistoer, make the collector capacitance
very small.

Practically all transistor parameters (transconductance, feedback,
input and output admittances, etc.) depend to a smaller or greater
extent on the base resistance, which therefore should be as small
as possible. As the impurity concentration in the base layer of
the alloy-diffused transistor is high close to the emitter junc-
tion, a low base resistance is obtained in spite of the very thin
base layer. There are various ways teo define and measure o base
resistance. The so-called feedback base resistance of the OC 170,
measured at 3 Mc/s, is approximately 40 (1.
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Tentative technical data of the OC 170

MECHANICAL DATA
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Fig.l. Dimensional outline (im mm} of the OC 170.

THERMAL DATA

junction temperature rise,
transistor in free air (from 0-55 DE} K
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CHARACTERISTICS AT AN AMBIENT TEMPERATURE OF 25 °C

Common base circuit

collector current, measured

at —UEE = B Vi = 0 LIEEU

collector breakdown voltage

(= collector-to-base voltage at
which =1, = 50 pAj open emitter) “Vem
emitter breakdown voltage

(= emitter-to-base voltage at

which =l - 50 pA; open collector) “Veg
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max. 0.5 “cfmw

max. 20 V¥
max. 20 V¥

max. 10 mA
max. 60 mW

max, 0.5 V
max. 0.5 V

max. 10 mA

max. 10 mA

max. 15
min. =55 GE
max. +75 “¢

2 uh
min. 20 V
min. 0.5 V



current amplification cut-off
frequency, measured at

LI'III-EB - 'E ".I'i. IE - 1 m.ﬁ. fﬂb

Il n
-]
o
=
¥
H“‘\.
(]

Common emitter circuit

measured at -V.p = 6 V; leg = 1 mA :

base current =g = 20 pA

base voltage 'VBE = 0.3 ¥

current amplification factor, output
short-circuited, measured at

Ve = 6 V3 lg = 1 mA; ¥ =1 ke/s hte = 80
Noise figure, measured at
al FHEE =5 M IE = 1 mAj; Rs = 500 23

f = 1000 ¢/s F = 25 dB
b) Vep = & lg = 1 mA; R, = 200 Q;

f = 0.45 Mc/s F - s
c) _HEE = B V¥ lg = 1 mA; R, = 150 Q3

f = 10.7 Mc/s F = 5 dB
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Fig.2. Equivalent transistor circuit.

Small-gignai parameters of the equivalent circuit of Fig.2

a)measured at -HGE =6 Vi lE = 1 mAy T = 0.45 Mc/s
Input conductance ;e = 0.5 mA/Y
input capacitance Eie = 90 pF
feedback conductance “g.. = 01 wa Y
feedback capacitance —CrE = 1.8 pF
transfer admittance (absolute value) |Yfei = 36 mA/SV
autput conductance Ooe = 1 pA/sY
output capacitance CDE = 5 pF
maximum available unilateralised
power gain at f = 0.45 Mc/s Ga = 57 dBij
b)measured at “Veog = B V; lg = 1 mA; f = 10.7 Mc/s
input conductance ;o = 3 mA/SY
input capacitance Cie = 65 pF
feedback conductance S 20 pA/Y
feedback capacitance o 1.6 pF
2
1] The maximum avalilable power gain is defined as G = _;Ilf_d_
4 Yie9oe
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transfer admittance (absolute value) |Yfe| = 30 mASV
; o
phase angle of transfer admittance ?fa = 30
output conductance Jua = 60 pASY
output capacitance Eue = 4.5 pF
maximum available unilateralised
power gain at f = 10.7 Mc/s (see note 1 page 4) Ga = 31 dB
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STICS AS MIXER-OSCILLATOR AT SHORT-WAVE BANDS

1. Typical

operation as self-oscillating mixer, covering the freguency

range from 6 Mc/s - 16 Mc/s (19 m = 50 m bana)

dec. collector-to-emitter voltage -vEE = Ty
d.c. emitter current I = 1 mA
oscillator voltage (emitter -to-earth):
at f =6 Mc/s s i U e
at f =16 Mc/s ko — i A
conversation gain E]
at f = 6 Mc/s (approx.) G¢ = 25 dB
at f = 16 Mc/s (approx.) Gc - 20 dB
Pé oc | ¢
T T3
L L
i Ry =
'EST R.E b
- = 4 '.'I:|l+
=
Fig.3. Circuit diaogram of a self-cscillating mixer.
Circuit data (see Fig.3)
R 10 kQ Cy = Cg = 35 - 280 pF; variable
RE =_ 1.8 kQ :E = Cy =2 - 8B pF; trimmer
Rﬁ = 1.2 ki CS = EE = 2.2 kpF3 ceramic
~H4 = 56 Q C? = 39 pF; ceramic
R = 1600 @ Cg = 220 pFj ceramic

Inter lead shield of the OC 170 connected to earth

Antenna coil (construction see Fig.4)

S, =

EE -

2

23 turns of 0.8 g enamelled copper wire closely wound on a
former with a diameter of 10 mm,

Inductance : 2.5 uH
Q (unloaded): 110

3 turns of 0.25 g enamelled copper wire, wound in 51

} The conversien goin i% defined ok the ratio between the 1.F. power in a 1.6 kil load
resistor, connected to the osutput terminale of the 1.F. filter and the available H.EF.
power in the antenna circuit (1.6 ki! being the average value of the input resistance

of the I.F.

transister],



Oscillator coil (construction see Fig.5)

Sz = 21 turns of 0.8 ¢ enamelled copper wire closely wound on a
former with a diameter of 10 mm.
Inductance ¢ 2.15 uH
Q@ (unloaded): 100 at f = 6 Mc/s
100 at f = 15 Mc/s
Sy = 6 turns of 0.25 ¢ enamelled copper wire,wound in 53 at earth
side
55 = 2 turns of 0.25 g enamelled copper wire,wound in 55 at earth
5ide
o & turns of 0.25 g enamelled copper wire
S5 5 Coil former i
Earth side 3 g gar e

Fig.4. Antenna coll. Fig.%. Oscillater coil.

| .F . Transformer

ST = 0.55 mH
@ (unloaded) = 160
Transformer ratio ET to SE = 11.6 : 1

2. Typical operation as self-oscillating mixer, covering the freguency
range from 15 Mc/s - 25 Mc/s (12 - 20 m band)

d.c. collector-to-emitter voltage _VEE = BN
d«.C. emitter current (approx.) Ie = 1 mA
oscillator voltage (emitter-to-earth)
at f = 15 Mc/s (approx.) T - 0.3 ¥
at f = 25 Mc/s (approx.) iz = 0.2 V¥
conversion gain (see note 2 page 5)
at f = 15 Mc/s (approx.) Gﬁ = 10 dB
at f = 25 Mc/s (approx.) G, — 8 dB

Circuit data (see Fig.3)

H1 = 10 kR Cq = E} = 55 - 180 pF; variable
Ry = 1.8 k@ EE = E4 = 35 = 25 pF3 Arimmer

RE = 1.2 kQ 35 = 2,2 kpF: ceramic

Hd = 4T Q EE = Ea = 220 pF3 Feramic

R, = 1600 Q ET = 4T pF3 ceramic

Interiead shield of the OC 170 connected to earth

Antenna coil (construction see Fig.4)

51 = B turns of 0.8 g enamelled copper wire closely wound on a for-
mer with a diameter of 10 mm.

I nductance : 0.64 pH
Q (unioaded): 105 at f = 15 Mc/s 5 125 at f = 25 Mc/s

5, = 1 turn of 0.25 g snamelled copper wire wound in 54
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Oscillator coil (construction see Fig.5)

53 = T.5 turns of 0.8 ﬂfename§led copper wire closely wound on a for-
mer with a diameter of 10 mm.

| nductance : 0.58 pH

e
I

4 4 turns of 0.25 ¢ enamelled copper wire

I

1 turn of 0.25 g enamelled copper wire

EE = 2 turns of 0.25 & enamelled copper wire

| .F. transformer

ET = 0.55 mH
Q@ (unloaded): 160
Transformer ratie B? to SB = 11.6 ¢ 1

CHARACTERISTICS AS |.F. AMPLIFIER AT 10.7 Mc/s

Fig.6 gives one stage of an |.F. amplifier,having four identical stages,
for a frequency of 10.7 Mc/s.

The load of the stage (in the practi;at circuil the input resistance of
the following transistor) is 100 @; the source resistance(in the practical
circuit the output resistance of the preceding transistor) is 5.6 kQ.

".Il..,:IF
RsZ 5 = -
7 av
rEh
L7
—-c&
T eCE ) +

Fig.6.Circuit diagra= of one stage of an I.F.om-
plifier having four identical steges, for a fre-
quency af 10.7 Mcrs.

Circuit data

Ry = 5.6 k@ Cq = Cg = 82 pF 59 =55 = 2.47 pH

R, = 22 kQ C. = C7 = 470 pF

R3 = 1.5 k@ Eﬁ = CE = 25 pF Q@ (unloaded) = 100

R4 =1.5 Kk C¢ = 2.2 kpF

R, = 5.6 k@ Cg = 2.2 kpF Q@ (loaded, nominal

R = 100 @ transistors) = 35

[

Inter lead shield of the OC 170 connected to earth
Fower gain

Ratio of the power, delivered into the
load resistance of 100 Q and the power
delivered into the input terminals of

the transistor G = 22 dB 3]
eni 4 H:
}) The goin. mecssred i= the ciremit of Fig.6 and defined as R = iz 18.2 dB.
. L

"
This Ffigore. Bowewer. izclodes the insertion losses of both the tuned circuits
(3.8 4B pock).
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