g

_SOME MONTHS AGO we ran a short l ’

item about a device totally- unknown

in this country at that time - the VCT -

. orVoltage to Current Transattor. Well
naw we hope to make it considerably
Idss unknown. The VCT will get get its
‘commercial iaunch from-Texas Instri-

.. ments early in 1977, no doubt accom-*
.. pamed by the usual choir of angels and

200 piece brass hand.:

" So before all the shoutlng beglns

‘we went to talk to the co-inventor,

' Professor W.Gosling of Bath University-
where the device was initially develop-
ed. If you're s:mng comfortably we'll -

“beging. ., .

" The basic op-amp has been with us

_since the days of the valve, and wheh
semlconductors crept up on us, it was
simply re-designed to use transistors.
This, in the opinfon of many designers,
means that the advantages of transist!
ors are not being fully explmted

BASIC IDEAS g

One of the better lmprovements to
the' basic op-amp was the - comparator
input designed by Carl S. Brinkler -
name to which we shall return-- and
‘patented in April 1965 However Mr.

- op-amp and some years ago began

. stabilise the device .-

Brinkler was stllj dissatisfied W|th the

discussions . with Professor Gosling,
with-a view to producing a totally new

. circuit block. The basic guidelines :
‘were

finally set -as being that
1. No feédback should be needed to,
by limiting the’
high frequency response, or to define
the stage gain.

2. Both the input and output ports:

_ must be totally floating - ‘a true four

terminal device. This leads to much
greater freedom with respect to the
output - it can quite 5|mply be fed into -
anywhere!

3. The output should be a constant
current source i.e. very high imped-

.ance. Then, should a voltage output he

required at any time, a resistor need

only be tnserted across the'port,

-

”TEKAS AND THE PRUTOTYPES

In 1974 Texas fnstruments author—
ised Carl Brinkler - to undertake
résearch into producing such a device.

_Because of the scope and magmtude of
the task,’

it was to be a joint dnder-
taklng W|th ‘Bath Unwersny i.e.

L]

" F:g 1. Imemal crrcwt of the prorotype VCT Tfre ‘R‘ in the m:ddle is extemal !
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In the autumn of
. 1974- the microcirciiit design was
breadboarded up for the first time
. with discrete components, and early in
1975 the first 1.C.s rolled out of the
ovens., The first vast improvement over
the op-amp to become apparent was

Professor Gosllng

rate, up to 20V per,
microsecond, as compared to.
0.5v/ mtcrosecond for the 741
iThe offset on these prototypes was
210mV due to- the layout not being
totally + ‘symmetrical!  Production
models, when they appear, will have a
much much lower offset. Up to this-
point in the proceed:ngs the project
had been running.cn a shoe-strlng. But
with the prototypes showing this
incredible potential, Texas whipped
the whole show off to Dallas for devel-
opment They -feel the VCT is the

greatest advance in eircuit. desugn for a

loag time, and we have to agree with
- them. . .-

ABILIT!ES |N GIRGUIT
‘Let's take a look at what the VCT )

will do. Figure 1 shows the internal
circuit of the Mark 1 VCT. The thick
lines. represent muitiple emitters,
and these provide the current gain
You may recognise the current mirrors
around the top centre of the circuit.

'The agreed symbol for the VCT is-

- shown below, the c;rcust IS that used

. .

b

The dgreed symbol for VCT.
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for all linear apphcatlons For a volt-
*agé input, we geta pure constant curr-
ent output. Both input and output
impedances are’ very high, around 10s
of Megohms in the production devices.

There is. a fixed ratio between Vip
“and 1o, which is set by one fixed resist-

or R. i.e. 1=k 1/R Vjn. The constant

k can be designed'to be any value - it
_will be four in the Texas VCTs. A bias
‘current is applied down BR, and the:
‘device can only cutput twice as much

‘current as it draws through BR. Early* _ask o

" devices will be 20mA output” VCTs,
but later marks will be up in the amps
range, A 115V rail is used with the

.- VCTs, and a 13Vsignal is quite perm-
issable!

_Some circuits now; for instance an

amplifier:

Non-inverting:

VCT as an amplifier.
Voltage gain = k. RL/R

The _sir‘nplicity of gain invertihg arises

because the output port naturally has
a fixed phase relationship to the input.
Since we get a current out for a volt-
age in, a VCT connected thus:

VCT as a simple resistor.

18 .

~ What's more, the transfer character-
istic is perfectly linear!

will look like a resastance value R/k

~ohms.

Consider however a device cross
connected:

VCT working as a negative resistance.

’

What we have now; looking in at the
input terminals, is no less than a negat-
ive remstance‘ ie.

V|n‘- —const |0.

Applications are literally infinite.
Anything an op-amp caf do, so can a
VCT - only usually it does it better!

" For instance ap integrator:

Vingn O——

[el -

out

5

At_point A we have_ Vi dt since the
output is a constant cuirent which
follows the input voltage. [F'we feed

back this integral to the input so:
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VCT d:fferen tiator.

+

the output will be the dxfferentlal of
Vin.

Gyrators are by now quite common
place, but what about one which can’
reach inductor values of 10s of Henrys
and‘ with a Q of well over 100? Easy!

}

o,
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A VCT gyrator,

Values ‘of Q up 'to._20_0 hav‘e béen
achieved experimentally. This circuit
introduces the cancept of. using two

.VCTs together. Texas are packaging

the VCT in a 16-pin DIL dual package.
There are more pins to a VCT than a
741, since we Rave those already ment-
:oned plus a centre tap on-the output,
whxch is not always used, but extends
the versatility.

.

'AMAZING GRACE

The application we found initially
most amazing is the VCT’s ability to
replace a- transformer, better than a
transformer! All .transformers exhibit
some power loss, but this circuithasa

. selectable loss factor, which naturally

can become a gain if so desired.
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l{CT as a transformer.”

Transformer Ratio = (R1/Rg}%,
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-when ® using - VCTs,

_ Choose R such that H2-R1 R2 to give
no loss/aain in circuit ie. a perfect
1 transformer, i
The GPO are looking at this applic-
ation with a view to replacing all those
messy coils in telephones,

~ NON-LINEAR

We will consider just one non-linear
application to show it can be done -
that of a limiter. Since the VCT can
output only 2x bias current with

bims current

tnput veT

we will get a characteristic

IB Ri-

taase nnnes

Vour

k/RL

BBL
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-very simply. mdeed W|th only two

FESlStO IS,

- 4

GAINS FROM LESS _

1t-is apparent from the preceeding
circuits that. one of the biggest .gains
is._ in reducing.
external - component: count - over a.
similar op-amp. or discrete circuit, In
industrial applications this will lead to
less P.C.B. design and assembly com-
plications, with resultant reduction in
costs.

Another gain is the fact that when
used as an inverting amp, no input
resistor is used to drop the signal, as it

"is in op-amp circuits. 1n these circuits,

since the input is usually "a virtual

earth, most of the signal is dissipated *

in the resistor, with a resultant poor
- signal-tonoise ratio upon ampilific-

—ation at the output. With VCTs no
==sistor is required, and this gives a
—listinct -improvement .in S/N ratio,

with the attendant galn in. dynamlc
range. .

§
)
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THE PRICE OF A FUTURE - - .

One question rernains - how much?
Well, this depénds entirely on. Texas
Instruments, and the marketmg policy

~ they persue. No doubt the price will |

be high at first, falling as the volume .

of sales climbs, as it surely must, |

Interestingly, the VCT occupies only.

half the chip area of a 741 op-amp;’..-f
pricing [.]
remains to be seen. We'll keep you in- |5
formed of developments, as we're con;- |
vinced you’ll be hearing much more of-] .
in the. years to come. @[

but whether this affects.

VCT

OUR THANKS and congratulations to
Professor W. Gosling of Bristal University,
who provided the information for this
article.

(R GAL

short time ago
announced the ETI TShlrt——
the response has been

enormous. Initially we just |
wanted to sell the surplus
but we've had to reorder
twicel Made in cotton
{yellow with black printing)
these are available in three
sizes suitable for both sexes.
Send vyour cheque and
PO, far- £1,50 {payable °
to Electronics Today
International) and  state
Small, Medium or Large.
3 ETI T-SHIRTS,

25-27 OXFORD STREET, i
LONDON wm 1RF
ALL PAYMENTS MUST

BE IN STERLING

TREASURE
TRACER
VK I}

METAL
LOCATOR

'ASSEEN

ON BBC-1 g

& BBC2 - |
TV

‘e Genudine*s sificgn transistor Eucmt_, ‘
/does not néed a translstor radm to
?lgerate. : i
‘Incorporates umque varicap tuning |
. ,fo: extra stability. :
‘Search Tead- fitfed with Faraday,
;screen  to  eliminate capacxﬁve i
'efi‘ects A
i Loudspeaker. or earphonc operation
- {both supplied). ;
- " Britain’s best selling mctal locator, ‘
kit. 4,000 already sold,
'c Kit can be built i in-two houss using:
Vonly soldering <ron, screwdnver,
pliers and side-cutfers. - ;
o Excellent sensitivity and stablhty.
."Klt absolutely complete including
drilled, tinned, fitreglass p.¢. board"
thh componcnts siting pn.nted

. Complete after salcs service. .
;¢ Weighs only. 220z; handle’ knocks
; down to 177 for transport o

B Rl velope for htemtyre.

“1'Send stamped, _self-addressed en-'

Complete t A -y

f with pre-built £ 14. 75

dsearchcoll "o Coro0pep R
Plus £1.18 VAT (8%)

Plus £1.00 P&P
Plus £1. 58 VAT (%)

MIN!KITS ELECTRONICS

6d Cleveland Road South Woadford
1 'LONDON- E18 2AN

e (Mail ordgr_onlyl_



