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A BROADBAND AMPLIFIER
1-161 MHz

Hermann von Hoerner

In August 1959 an article by C. L. Ruthroff entitled *Some Broadband
Transformers"™ appeared in the Proceedings of the IRE. Some transformers were
described which have a bandwidth of several bhundred MHz, in the range from some
kHz up to about 1000 MHz, These are transmission line transformers, using ferrite

torroids. Since these transformers are the main elements in the broadband ampli-
fier, they shall be described first.

In conventional transformers the distributed capacity resonates with the leak
inductance. This resonance results in a loss peak and limits the high frequency
response,

In the transmission line transformer, the interwinding capacity is used as a
component of the line impedance and thus does not limit the high frequency response.

The broadband transformers consist of a few windings of twisted pair of wire
on a small ferrite torroid (Fig. 1). In order to get a good low frequency response, a
ferrite material had to be found with extremely high low-frequency permeability. The
important characteristic of the ferrite material is shown in Figure 2. With this type
of ferrite core, the high permeability at the low end maintains good low-frequency
response with a minimum of turns. At high frequencies the good response is main-
tained by the reactance of the coil,

The right ferrite material, however, was difficult to find. An attempt was
made to buy special ferrite torroids since they are used in commercial transistorized
IF amplifiers. The manufacturer could not be discovered. With some ferroxcube
shielding beads, good results were obtained.

The active elements in the described amplifier are transistors type 2N1742,
They are used in common-base configuration for two reasons:

1. High beta cut-off frequency
2. Better stability of gain,

To match the collector impedance to the emitter impedance, a transmission-
line transformer was built with the ratio 4:1 (Fig. 3). The windings consist of 40
mm twisted pair wire, Formex 38.
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All the current gain is obtained from the transformers and since its imped-
ance ratio is 4:1 the maximum gain is 6 db per stage. Certainly the transformer
has a loss and another loss is the emitter-resistor that shunts the emitter-base
current. Yet a gain of 5.4 db per stage was obtained first. In order to get a better
frequency response it was necessary to increase the bias power, and the result is a
loss of 1.4 db gain. Thus the prototype had a gain of 46 db with 10 stages.

The emitter-resistor values decrease to the last stages. This prewents the
output stages from overloading.

Another difficulty is the input and output circuits. The transformers as well
as the transistors are able to manage even higher frequencies, but it is not as easy
to get broadband in- and output circuits. The frequency response obtained is shown
in Figure 4.

With 2 db ripple the bandwidth is 150 MHz (5-155); 3 db down, the range is
160 MHz (1-161),

The average noise figure over the entire range was measured at 14. 5 db
(3 db method). At 30 MHz it is 10 db. The reason for this high noise figure may be
a coupling problem since it is difficult to design coupling circuits for such a wide
frequency range. Until now there has been no attempt made to design a special low
noise input circuit.

Ruthroff describes such a circuit, which is shown in Figure 5. It may be
possible to bring the noise figure down to about 6-7 db. This, however, will be the
next step in further development of the broadband amplifier.

Conclusions

The problem is to obtain the correct type of ferrite torroids. Bell Labs was
phoned, and they sent 6 excellent samples but on the condition that we make no
further attempts to get more., Bell Labs evidently plan to use the cores for indus-
trial broadband-amplifiers, built on the same principle.

Potentially these transformers have many uses in broadband circuit design.

A temperature stability test of the prototype amplifier is shown in Figure 6.

The mechanical arrangement is quite simple (Figs. 7 and 8). No shields
between stages are necessary since the impedance is very low,



Frequency range
Gain

Average noise figure
Noise figure at 30 MHz:
Maximum input voltage:
Supply voltages H

e

Dimensions

1~161 MHz (3 db down)
46 db

14.5db

10.0 db

=1mV

+6; 10. 56 Ma
=12; 10.5 Ma

240 mm long
45 mm wide
32 mm high,



8% m KCUFFEL & ESSIR CO. ®AEIN¥.5.A,

ey ~—1 Y
by T jepedpetd
el 28085 Sutby bamidyay ooy [a2etSeead peove
Y $53=0 SR ps P00t belad Syody téppd{ idod Judgs spnsq bty pabey = <
= prted bbetd TR pyot Sguds $hond posad pogid abed Sihped poody
=31 200t e S003 SORT Phoge Sopee Suted shayd Shbed Sbany peses o= pode & [ogq spudydedes oY
Teertece s e e ceifresagomasfooes v o~ — PSP SR TY SRy Sy oee
prest S84dy LRIt 18 e P P20 IS0 Ts 20Ty s
P £ PEege sbi] Coate tovsy = podad 133 Seto Subded 304
soligTiofoIofrIasgLllpeniiii: [Regp sy ds < Jeeed &y S 24 p34 324 p [E034 $9de Tres
. = p3e cogd ooy
[y POSed Sued Doy S4004 padas siudd peged
peged 2092 05044 poged pound poted pedee T
——eeterer] 1T —<gpoee- JEDPY PENESSPEtg PSP SOPTE PESSs SRngy SRS VETIY Sy vy -
Pl gie oy S 39038 Sadid pided doads < Sl
M i F... S43id Sinigy S04 pod poeed S2oSe tadad
oo oo . P2ILT 20008 11208 poved + <133
b gty ——ve] : T . T s .
. sl RS SEE TS S It 3 e Sy
S0 Sugs [S208 podesd Shpid pRuid Spey 233 Sooet toud Sieed w
Sopet fegorandd 12 < [ooed
N pems popuy Sy Teen T e B T I T I
S . pes = jhads 4
< p3ee p2Y $009% 1o
-~ covthioomtosoe - oo S TE0LS SoR0S Lot Se paged synte
- werefocwrfooae e ppee. o PR TY S
- bt 04 Sodd Praey pitad —rad] [294 SOIRY STeet yoadd podad
Saddd Sopad E..‘. paoss paged
T 153 Speiy [heey poed & 14 o fooed
3 0004 Juges podve ot Sgey podpd Sbedy
- fateg e jSoee
3 o g Soot
- proey 85 poe -y
- “a b R e
+ ane : e oo h
- - > LTSRS ey T - ’y a Pt  ——— -::01 - —a ::
el .
2 - B et s » — .o .
S B oy = i
venus : e T - oot "
. el > e - hy _— b e H
- ; edes e —— 4 I "
4 + - - L Rad el L Red e
ve b ai P8 3 TEs
reresaii © T T 13 3ot
) aot : pust 1 1 e T . -
y e O}
* (oo > — T < T .
- ..4:..... ol e — e e —— 4 i +1- +
pogod & - T T, T + + pot foqug phaad
+ * —t [t ad '
isvasts = oo st s SOTEY fomes Jamtig peond hoopy frem — .
b ey . I3t53ik ™ [oass i e .
-
B > : T
e re : — T 1 1
e a1 o T t :
+ ona T > ree 1
use s T aas e T & .
T T T
hen T rou s T NC 34
+ o » = T T T \gh sman s 83
T : )
3 2
vo oy t 1 rou an! - Y - o T - Euuy papey spas e N it R Y
: e e = : e . 22 S Nes] e s e ekt et ey e ] PR Y
T T s SBacd smace bevay cyvag s3ens Sened caens soams T s it F T S Sssa e \ 1 N $348s taud 5334
T T re < Ls -’ e 234 “opn .o
o Toberts e T s T e R cos ao) U Soo s feeag sers Feats rXN 3333 $3311
aw =T podud t e o g 3941
: o had -Te ¢ $30es S4de
T s 1 e v a o3 v ot be 1 T = T T L poodd daadd $2 344 dated
- ¥ T e T oy
T + T ns i = — —- 1. \ . — ,J' -
3 + T 1 Tt It 1 T ' Lgaus on e \ T b4 paSed
T + T oy bawes Sussd {3 ons Ans T T ™ T rma a8 oo ba: tud pas 2 \ pod dos T 154
B T = T -au ™ v T t X
V. : : - T SUYeY pasd
T s Suws el Sun 3 beaws T rar T T e > oig ods
b > —-— 1 — ) 8 > L T ine Yy Y 4 EY et
+t ys yn I r 1t e oo T T Lows T e T T Pt $nond
re T
S ou sand e T ve T Las 1t ' swey BAG S0 0 B9 I o3 pd § B854 bhaid §0d ol M
'y ‘e T T T yo o ~r =T Tt 04 aa s res dunoss suces sgat ownd o T 1844 saaw s 1 e 14 ye B T by ¥ adad e S t
T T o an . T T * T @ Souag ax + T ou & -y
+ Tt oy s v —+ T T T T s o 3 + + + weaefeTiy 4
e -n anee s T T T ’ T T T 1% gana ray T " e 3 1
a: + t t T T e ous T ata Ganancusnd Dawy T 4
1t o4 -t t 1 t t n vas + 1% A ad o s Qo4 anman mous L3 an e sons
T T s 18 1 o . ps T T 2 T 1 bo S0 8 B4 T TIL T 2 Tol 1 a
I . +L T h b I ¥ 4
Tt v —— R L3 b A AArS | — —- 3 - T e . 4 i e L e T < 1
1 — ' —t - ol — 20 B s re 1 4 " 4 M
ual L T g — + T b Ay —i —tt be — 11 r e 3 T Tl Y o Ing L4 2 ‘
+ T T * - e e+ :
- i pare e T raarn s swwws on T e s A g T T T
Tl T T T ranwl Y : v v T T o I ose
'y I . - — T ja - i DY Bue e T b8
- T T T 1 o = aas s % 08 St s t v -
T = = w ” S S . — — Y sopey oL
+ : : sou o P ey S etist 1) poe ATl e e
e T e =T Y "~ ~F ,’__:..-. - S N v Snay o. e y It - - - avisferaid st
yevi taet ; 7 5 N2 Y, 150321891 -t eiany it besef BEEN
— L . - - > — e — L3 .
] : T . = e Frr e ove B LT 20 Y. Sy
o 1 > n s T T
e o T T
T <
t : ,. +r 2 " oas
+ T —t ~ a o e n T
r 1= + + et
: e T Do e +
+ o v e . + ) 7 T T
il —— """ : - S rr
i o - | =7 &
oy
R S s -
e - = e padas T
+ e T T : T
“t vrn ry T re
+ : Tt I T
e o T - S e -+ +
I+ - T o e o > T poe
- coe s — ~r ot T T T T T
T T T T T < T ARa® Soe s W s
< - e 3 : a: 2 Sumt
- 3 T e g T T
T T : T T : e : :
: T T T T 7
T
—t o~ posps . Py o - >
T s % p s re -
- T ’ ; oy T T it
-+ - o : 3
T v T e T
: o z — - . —
o Spin S = ; £ — T s T
SO S04 DY pbas pubipdiy o S X T T 0 T =t -




& e - oddbn it

Sangoan Ficorting Fsencpapet {

T

<esalell

e

faul - A2 e g










FIRST-STAGE LAST STARGE
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