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ascode Configuration
o

By J. B, James®

Fixed component neutralization as used in the production of tuned amplifiers is often difficult

to achieve, due io the spread in transistor parameters. A transistor cascode amplifier does not

require neutralization but has less gain than two stages in the grounded emitter configuration. This
article investigates to what extent the internal feedback and gain are reduced.

(Voir page 62 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Selte 66)

E‘IRST the ¥ parameters (see Appendix 1) of the grounded
emitter amplifier will be compared with those of the
cascode amplifier. The relationship between the two con-
fipurations is established using matrix algebra. Also the
theoretical reduction in the gain and internal feedback of
the cascode configuration is derived. Next a practical case
will be considered in order to verify the theoretical relation-
ships and finafly the use of the circnit will be discussed.
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Fig. £. The cascode configuration considered as a composite transistor

Derivation of the ¥ Parameters of a Cascode Amplifier
from the Grounded Emitter and Grounded Base Parameters

It is assumed that the ¥ paramsters of the transistors to
be used have been measured, at the desired working point
2nd frequency of operation, for both grounded emitter and
grounded base configurations, Let them be ¥y and ¥
respectively where, in matrix form:

Yu Yo yo yul
Yo Yu yn  Yu|

Fig. 1 shows how the cascode comfiguration can be
regarded as a grounded emitter amplifier in cascade with a
grounded base amplifief.- The network presentation is also
shown.

As shown in Appendix- 2, the 4 matrix of the cascode
cireait can be derived from the product of the 4 matrices
of the grounded emitter and grounded base configurations.
Therefore first of zll the ¥ matrices (¥s) and (¥s) must be
converted into the 4 matrices (4z) and (4g), The following
notation will be used:

(A_E)_':

(¥e) = and (¥s) =

a b

A B —
.(Ag):& ¢ d

c.Bl ..

“Then, if (4"} is the 4 mairix of the cascode amplifier:

Aa+Be Ab4Bd
Cag+Dc Ch+Dd

Cn writing the elements of the 4 matrices in terms of
the measured ¥ parameters (see Appendix 1):

{4 = (ds)(dz) =

* Semniconductors Led,
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yu{ Y4 yu} — Yuya

_ Yoaya
(A7) =
Yauyu{ Yo+ yu} ~ VeFuyn— Vayuya
Yzﬂ’m
{¥z + yn}
Yoyn
Yu{¥Yn+yu} — Vel
Yuyn f

Using once again the relationship between the 4 and ¥
matrices the ¥ matrix (¥") of the cascode amplifier can be
formed from the elements of the 4 matrix (4.

Yu{¥u+yn} —Yila ~ Yoy
{Yu+yu} {¥z + yu}
¥)= &
—ya¥nu you{ Yoo yu} — yuya
{¥Yu+yn} {¥ee + yu}

In order to simplify the expression the following
approximations are used:

(1) {Yo + yu} =~y
(2) Yn>» ¥u
(3) yn= —yn
It can be shown' using H parameters that sz =

(yer/yn) = —e. Now the current gain « of a grounded
base amplifier is almost unity, Therefore yn o — yu.

(V") is now simplified as follows:

¥ = ?:—: ;’;12(3’13/ yu)

Y1 Y1
Yo + yu

The expression for the ¥ matrix of the cascode amplifier
will now be used to investigate stability and gain.

where yo = Yu —

The Stability Factor of a Cascode Amplifier

Using the derived Y parameters for the cascode con-
figuration, the stability factor (Appendix 3) is evaluated in
terms of the load admittance. A typical cascode stage
operating in a multi-stage amplifier is shown in Fig. 2. It
has the following features:

.. (1) ‘The load admittance Yz is 2 variable in the hands of

the designer. It is controlled by the inter-stage trans-
former ratio. .

(2) Reactive ' components across input and output
terminals are tuned out at the centre frequency fe
of the pass-band. -

(3) The input is driven from 2 consiant current source.
This simulates the preceding stage which is assumed

JANUARY 1960



o be another coscode amplifier with slinos zero
ocuiput admittznee,

DERIVATION OF BEQUIRED TRANSFER FINCTIONES OF THE
LMPLIFIER
i is now convenient to derive expressions for the interpal
voltage feedback ratio and the forward voltage gain of 2
cascode amplifier with load. The power gain is alse
eriracted and will be used later. : .

The 4 maitrix (4") for the amplifier with load is given
by

(4”) = (4)a) =
A B
D

A +B'Yy B
C'+D'YL, DY

i 0
¥ 1

{4") and {a@) are the 4 matrices of the cascode configura- |

tion and load admittance ¥1.

. : i
Voltage gain = VoV = -~ _ §i -
ge g 2/ V1 T4 T BV ince I = 0
T Y
Current e
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Fig. 2. The input and outnut circoits of a tynical caseode amplifier

Power gain = Voltage gain x Current gain =
YL :
{4’ +B'Y1} {C"+D’Y1}
Using H parameters® it can be shown that:
YVi/Vir,=o= Hp = {A"+B'Yr} — (B [D){C'+ DY}
As one is driving from a consiant current generator Hi

can be taken as the fraction of voltage fed from output to
input terminals, o

Stability Factor S
§ is now given, (Re denoting real part)

§=Re { ! Y
Hu{voltage gain} | ~ Re { D - B’{C’-FD’YI.}}

The 4 matrix (4’) of the cascode configuration is now
written in terms of the 'Y parameters derived previously,
4) = '
=~ (Vo] Ya1)

P = (1/¥w)
g, g,’ = ‘ {Yuyo—Yu¥ue (e/ym)} - (¥u/Yu)
t ~Ta -

On writing § in terms of the ¥ patameters and taking
Yo = 0 and the real parts of ¥y and Y1

S“—:Re{ﬂ}&:k&, k = Re {._yﬁlj.__
Yu¥uype Yu¥uye

The stability factor has been expressed in terms of Gy
and a constant, at the frequency of resonance fo of the
lnput and output circuits. The amplifier will oscillate when
Gik=1, the frequency of oscillation being slightly
removed from f,.

From the analysis it may be concluded, therefore, that
the load conductance is determined by the stability factor
desired. The derived expression for § becomes inaccurate
for smaller values of Gy.
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THe Power Calit OF FFE
In order 1o acquire a figure of merft for the cescods cov.
figuration a comparison is moade with the power gain of
ihe grounded emitter configurniion (Appendis 3).
Using the expression derived in the previous section and
writing il in terms of 77 parameters:

Power gain of cascode applifier =
R

YouFuyne
{Gnyu - —“mlv:yh + GIIGL} {yo + Gu}
¥ : 2¥12
Futting y. = 0 and FYuluys =0
Yoz
N £ .
Power gain == GaGr Lo
The power gain P, of a grounded ernitter ampilifier is:
- ]lez
Py= 4GuGxn

K is defined as follows:
K = 10log (P:/P:} = 101og 4my
where a1 = (Gn/Gr)
When m =1 K =6dB
n=2 K = 09dB.
The expression for K increases in inaccuracy as m is
increased.

- EVALUATION OF A PracTicAL CASE

45

Using the relationships between Gr, gain and stability,
an estimation of cascode stability at a given gain can be
produced which will be increasingly pessimistic with
increasing gain, due to the approximations made in the
analysis. o

For example the stability factor which allows the cas-
code amplifier to have 25 per cent less gain than two stages
of conventional grounded emitter amplification is given by:

S = Re {(ufyn) . (Yzl/yilﬂ)} 1f{Po}®*
Since G = 4Gu/{P}}
For the type SB346 at 20Mc/s, Py~ 34
Gy = 068 Gu
S=6 )

Due to measuring errors in the ¥ parameters and approxi-
mations made above, the calculation of § is liable to large
errors and is only quoted as approximate. A value -of 6 is
quite adequate for most amplifiers.

Summary oF RESULTS OF THE ANALYSIS

(1) The cascode input admittance is practically equal io
that of a grounded emitter amplifier,

(2) A similar result applies to ¥u,

(3) The ouiput admittance is practically equal fo /s
and for most cases can be assumed o be zero. However,
as the stability factor of the amplifier is made smaller,
negative conductance appears at the outpnt terminals in
shunt with fu (b is the ontput admiitance of a grounded
base amplifier with the input terminal open circuited. It
can be shown that fm = ym — (Yuya)/vu). '

(4) The internal feedback in the cascode confipuration is
typically one-fiftieth of that in the unneutralized grounded
emitter configuration.

(5) The cascode amplifier can only be treated as umi-
lateral at lower gain levels. The stability factor is inversely
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proportioaal to the gain, For o given siability facior the
gain is fized.

(63 Ac the stability facior is lowered, the outpui adimii-
tance becomes increasingly negative. A point is reached
where the bandwidth is noticeably reduced. I an amplifier
is designed around this operaiing point, the bandwidth will’
be very dependent on individual iransistors, and also ihe
response eurves will not be additive in the normal manner.

(7) The celculation of this .operating point from the
analysis requires very accurate values of the ¥ parameters
and it is believed that the experimental approach is more
accurate.

Consideration of a Practical Cage to Verify Amalysis

Two transisiors of the type SB346 were measured at
Iy = —025mA, Ve = —3V at a frequency of 20Mc/s. The
averages of the two sets of readings are as follows with ail
admiitances in miilimhos,

| GrouNDED GRrROUNDED |
|  EmaTrer Base |
1 I 114 + ji43 || 648 ~ 311 [ wn
Ya | 032 43071 )| 032 +j07L |y
—¥=| 008 +j026 | 035+ 3071 | —ye
~¥a | —~342 4 j503 || 628 — 314 | —~yu
From the measuremenis . the following points are
apparent: :
(1) Yo =y
(2) ~yun==ys .
: — Jayiz
(3) o= ym ~ Tt Ta =0
This result is subject to accumulative measuring
eTTOrS.
4 yneo=—~yn

(3) The maximum unilateralized maiched gain in the
grounded emiiter configuration, based on average
values is 14-3dB.

Using the measured data it was decided fo test the con-
ditions suggested in the analysis. The operating point is
not optimum for the stability power gain product and thus
the results are slightly pessimistic for SB346 transistors.

The optimum coliector current wounld be about (-5mA.

THE DESIGN OF A CASCODE AMPLIFIER WITH G1 = Gy
Design Details

Centre frequency ............cvvviiiivinnnrnny 20Mc/s
Bandwidth per tuned circuit ..................., 2Mc/s
Overall bapdwidth (2 tuned cireuits) .......... 1-3Mc/s
Transformer ratio ..............c.iiveiiiniaes 24:1
Unloaded @ (Q) «.xuvnvrenennnnenniaiiaraaranen 26
Loaded @ (Or) ...coiviiriiiii i iiiianerasiinnes 10
Added capacitance (€ .. ...viiiiniiiiiiiiiiiens 21pF
Loss per coil ... ... it 42d4B

Using 26 s.w.g, enamelled wire and tunable ferrite cup
cores, the primary Wiudiug was 12 turns and the secondary
- 5 turns. -

The ferrite cup cores had con51derable loss at 2.0Mc f s
and the following comment is in order. In conventional
grounded emitter amplifiers maximum gain is always
achieved when the reflected load resistance is made equal
to the collector output resistance, independent of any shunt
coil loss resistance. Lossy coils rednce the gain and improve
the stability factor.
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In the loliowing enperbnenis the pre.deisrminesd valoe
of vesisiance presented io the collecior civenit ke conmposed
of both coil 1oss and refiecied load resistance. The stability
facior which is dependent on Gy is not infivenced by the
coil Jose thai only reduces the power gein of the cascode
armplifier.

Resulis of Meagsuremeiiis

The amplifier was stable and easily adjusied. The band-
width appears quite normal indicating that the negative
ouiput admittance is of a small order.

Overall bandwidth ........... ..o, i+45Me/s
Overall gaint ... o it it itarnnannns 11-3dB
Overall gain of cascode amplifier without losses .. 197dB
Maxzimum gain of grounded emitter amplifier ....14-3dB

The difference in gain of 5-4dB is very close to the predicied
value of 6dB.

-68Y

I
Input admittance
of next stage
equal to ¥y \| l1pF

I
1
) i
1

Constant current === = =~ ~= Jp

t BkQ

'

22kQ 4700
5 TT]
|

Decauplmg cupucltors u 3900pF

lli‘

Wiz, 3. Cizeeit dingram of ozperimential cascode amplifier

Tee DEeSIGN OF A CASCODE AMPLIFIER WITH 2Gp = Ga
The circuit is similar to that in Fig. 3,

Design Details

Centre freqUenCy ... ...virinrrennrennenneanns 20Mc/s
Bandwidth per tuned cireunit .................. 2Mc/s
Overall bandwidth (2 tuned circuits) .......... 1-3Mc/s
Transformer ratio .......... .. i iiiiat 3.75:1
Unloaded Q{Qu) ......cviiiiiiii it i8
Loaded O(Q1) 1o vrrinrriiinininireernarennnns io
Added capacitance (C) ....... .. i it 11pF
Lossper coil ...oorviiiiniiiiiiiiiin et inens 7-1dB

Using 33 s.w.g. enamelled wire and tunable ferrite cup
cores, the primary winding was 15 turns and the secondary
4 turns.

Results of Measurements

The input transformer tuned correctly but the output
transformer most certainly showed signs of negative capa-
citance and resistance, The Q of the coil had increased
from 10 to 14 and the value of negative resistance was
calculated to be about 25k{) with a negdtive capacitance of
about 2pF. Allowance for the increase in the output imped-
ance was made in the gain measurement,
Overall bandwidth
QOverall gain
Overall gain of the cascode amplifier without

losses 27-1dB

Maximum gain of grounded emitter amplifier .... 14-3dB

The difference in pain of 12:8dB iz 3-8dB in excess of

..........................

................................
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e predicted hgure, This is o surprising since in {he
igoretical estimaiion it wos assumed thai the feedbael
serin was negligible,
Tl DESIGN OF 4 CASCODE AMPLIFIER WiITH Gy <€ Gl
The circuit is similar to that in Fig. 3 except thai no
exira capacitance ¢ was added to ihe transforrmers. The
¢'s of the coils were made very high and Gr was equal to
0-02 millimhos,

Results of Measurements
Any. attempt to tune the amplifier resulted in oscillasion.
The circuit was taken no furiher,

2

Conclusiens

The analysis has been reasonably substantiated by the
practical results. Using SBT346 iransistors at 20Mc/s, ihe
experiment shows that it is possible to design a cascode
amplifier (Gy, slightly less than Gw) with unilateral pro-
perties, and 25 per cent less gain in dB than two, stages of
conventional neuiralized grounded emitter amplification,

Numerous reports of the cascode circuit suggest the
general rule, that a cascode circuit designed with any type
of tramsistor will provide unilateral characteristics in
exchange for about 25 per cent less gain in dB than two
stages of grounded emitter amplification at the same
frequency,

In assessing costs it should be noted that the cascode
. circuit has four resistors, three capacitors and one trans-

former less than the conventional two stage grounded
emitter amplifier, Therefore all in all the cascoded amplifier
may cost about the same as a conventional type.

It is believed that the cascode amplifier gives more gain
for 2 given volume and weight, than any other transistor
configuration. s
Aeknowledgments .

The author is indebted to the Management of Semi-
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APPENDIX
DERIVATION OF TRANSISTOR PARAMETERS IN Matrix Fopy
Because a transistor is an active network, four terminaj
vetwork theory is used in transistor c.w. circgit analysis,
A four terminal active or passive network is completely
defined by equation (1).

Vi= 4V, ~ BI,

f1 = CVz - DIa

are constants of the network, V'l and
ut and output voltages and currenis,
en Written in mairix notation ag shown

A B Ve
cC D ~&)
The array of constants, is referred to ag (4) or the 4
matx_“ix of the network. Note that if the network is passive
[A] is equal to unity and in that case 4D ~ BC = .
_ Equation (1) counlq have been written as follows (3) and
In matrix form (4) ‘
Li=¥%nVia YV,

...............

A, B, Cand D
Va, Iy are the inp
~ Equation (1) is oft
in )

A
il

LYoV 4 Vap, orreeeeeeees 3
Ll  \¥u ¥ 4
’Iz T ¥n Ya ’Va """ ©

Here the ¥ terms are all constanis whose dimensions
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Yu. It will be found

aie those of mbos and are therefore calied admiiipes.
parameicrs, The array of T perametecs is referred o g
(¥} or the ¥ matrix of ihe nevwork, Hote ihat if the net.
work is passive = Fo.

The relutionships between ¥ and A parameters iz ac
follows:

< —{AD — BC
Yu=(D/B) XY= { } ” &3}
Yu= —(1/B) Yu=(4/8) f

There are six ways of wriling equarion (1) to produce
8ix interdependent matrices. Once any one mairiz has been
measured, the others can be calculated,

In practice the v parameters are easiest to measure,
Equation (3) can be re-arranged as follows to indicage the
method of measurement, :

Yy = (1 Fadir, =0 }
Ya'= 1o/ Vidly, g

Y= (I:/Vl)ivﬂun
Yu = (I/V)iry=e

Each measurement requires a pair of terminals of the
network to be shorted out and this can be easily performed
with large capacitors. Measurements can be made on an
admittance bridge, connecied as a two terminal device
for ¥n and ¥u. and as a three terminal device for ¥y and
that some ¥ parameters are common
for two different configurations. For example. as men-
tioned earlier ¥u (grounded emitter) is equal to Y
(grounded base),

USE OF MATRIX ALGEBRA
Matrix Algebra is a very powerful tool when applied to
transistor e.w. circuits. The following deals only. with . the
portion used in the text. .
Fig, 4 shows how two cascaded networks can be resolved

into one. Writing the matrix form for the networks in full:
14 4 B Va ' ']VQ _ e b Vs
nl c D;_ f—m and Ig‘ e czl —Ia’
As —I= I
1 A Blla & Vsl iArl Vs
L|TC Dlle d —-I . A
Using matrix multiplication :
(47} = da+ Bc  4b + Bd
Ca+Dc Cb + D4
_{I__ IZ {4 _{g_. .Z', Ia
AB\. b
-} (c o) Jz; (:d) uf =ty (4) e

47

Fig. 4. The redoction of cascaded fonr-terminal networks

For details of the theory of matrix algebra see’ Aitken?
and Bell and Brewster® as regards application to transistor
circuit analysis, :

CALCULATION OF TRANSISTOR PE
ParaveTERS

Once any set of transistor barameters is known, the per-
formance can be assessed, Here only the use of the ¥ para-
meters will be considered. It can be shown that the
maximum matched gain of a unilateralized grounded
emitter amplifier, where » is the transformer ratio and

shunt neutralizing is used, iz as follows:
10 log { } M

Y — ¥t
4{Yu - Ymﬂ]- {Yzz - (le/n)}

In practice Y1 can be neglected, at least as regards the

gain calculation. There is also a bower loss due to the

finite Q of the unloaded coil and sometimes a mismatch

REORMANCE FROM Irs’

.......
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joad admiiianes y.. The gaint equaiion then beconies!

1010g 1121° 101 { : Ji i
o 4¥u¥e - o8 i — (Ou/ Q) B
fye + Vi)t
10 log _E?_ii} .......... )
4yp ¥

2+ = loaded O of the coil
Gu = unloaded Q of the coil

As the amplifier is tuned one is only concerned with
the real parts of ¥p, ¥ and yr.

The term nnilateralized implies that the input and output
terminals are not coupled in the reverse direction, at any
frequency. Neuiralization employs less components but
only causes ¥y to be zero over a narrow band of fre-
quencies centred at the operating frequency. The admit-
tance of the nentralizing network is equal to — ¥un (which
is usually resolved into a series resistor and capacitor} and
is fed from the transformer secondary.

A designer must know the design centre of ¥y for the
transistor in use. If fixed component neutralizing is to be
used, the maximum difference AC between the fined capa-
citor and the actual series capacitance componeni of
—{1/¥n) that is likely to occur in a large batch of tran-
sistors, is calculated.

Next, the extra capacitance AC, which, when added to

the fned capaciton on o oOfT
canse the ciage io oocillate, io onloula i

Cmee AC and AT, have been determined the effects of
eriverns misneutralizaiion can be assessed, The swlbdliy
factor & is defined as!

i fror

Loop gain required for cscillation
Actual loop gain

S =

i
=Re{ .~
{Actual loop gam}
Or in terms of risneutralization:

8 = (AC[AC)

As § becomes smaller so the inferaction between the
tuned circuits- increases. The bandwidth becomes narrower
and the peak is pulled to one side. A stability factor as low
as four may be met in practice, dependent of course on the
application for the amplifier. The product of the power
gain and stabifity factor is optimum at a certain collector
current.

For more details of the above, see Wolfendalet.
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AUTOMATIC CABLE TESTING

The De Havilland cable test set provides,ineasilyportable
form, the facilities for checking the continuity and insula-
tion of multi-core cable Iooms normally available enly in
fixed or cumbersome equipment. Although initially de-
signed for checking elecirical systems in aircraff, the unit,
which weighs only 191b is of value in any type of instalia-

tion where cabling is already in place, or where the cable’

runs are in confined spaces.

Either & continuity or an insulation check can be carried
out from one end of a cable run, the far end being termin-
ated by a small unit weighing less than 4Ib. A test is
initiated by a press-button and the instrument automatic-
ally selects each wire in turn. The identification of the

core undergoing test is indicated in a window which is.

illuminated by a red light if failure occurs, in which case
the selector stops at the faulty core. Successful comple-
tion of a test sequence js indicated by fhe extingunishing of
.2 separate indicator lamip,

The outlet capacity of the unit is 25 cores but this can
be extended by the use of adaptors.
. A single outlet from the test set can be adapted for use
with any cable by means of a suitable coupler supplied
against the customer’s requirements. In the case of a con-
nector having 2 mnulti-position keyway (e.g. Plessev Ml
IV) the coding is checked by a clearly marked movable
keyway on both the coupler and fermination uniis.

A high impedance source of 500V is used for the insula-
tion tests and this provided by a transistor convertor. The

" continuify tests ate miade with a 960c/s square wave which-

provides 120mA on short-circuit,

The cable testers are normally supplied with fail limits
fget lat 5(} and 1MQ on continuity and insulafion respec-
ively.

To enable long cable runs to be tested in conditions
where the termination unit is more conveniently attached
by a second operator, an intercommunication amplifier is
incorporated in the instrument, connexion being made via
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the cable under test. Standard service style headsets may
be used. .

When this system is in use the operators receive an addi-
tional audible signal as each test 15 made and can distin-
gnish when a cable failure is detected. :

In its poriable form the cable tester is mounted on a
strap which can conveniently be used either as a neck-
sling or-a carrying-handle. Power is supplied by a light-
weight battery of a type having no free electrolyte, and of
sufficient capacity for about sixteen hours of normal use.
Couplers and termination units can be carried in pouch-
belts, For difficult situations, where access to the cable
to be tested is limited, an extension cable can be used.

A charging unit can be supplied with the ftest set.
Internal regulation of the unit ensures that in four hours
the battery will be fully charged, yet there is no risk of
overcharging however long the equipment is left. State of
charge is indicated by a meter: an a.c. power unit is avail-
able as a replacement for the battery when the test set is

in use on the bench or near a mains supply.

The portable cable tester
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