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. (7). W WESTERN ELECTRIC
COMPANY INCORPORATED of 195
Broadway,. New York City, New York State,
United States of America, a. Corporation
organized and existing under the laws of the
State of New York, United: States of ‘America,
do hereby . declare ‘the invention, for - which
we pray that a patent may be. granted to us,
and the method by which it is to be- pez-
formed; ‘to. be, particularly descnbed in and
by the followmg statement: —

This invention reldtes. to dc voltage level
shift circuits.. Such, circuits may be used to
provide :a change in voltage level in. order
to match, the output bias voltage levél of .one
circuit with the input bias voltage Tevel of
another.

In many circuits it is desxrable to change
the average output voltage of one 'stagé to
a different level before applying it to the
input of the succeeding stage. This is usually
done to take. advantage of the optimum bias
conditions for each stage. However, some-
times it is done so that the outputs of various
circuits will be the same, thereby allowing
different combinations of the circuits to be
used. This type of circuit is generally referred
to as a voltage level shifter.

Prior art circuits for effecting dc level
shifts include . utilization of forward-biased
diodes, Zener diodes, pi ‘attenuators, “and
transistors having their collector-to-emxtter
voltage _controlled- directly.. b
ratios. The use ‘of forward-bia
level shifting is limited by’
incremenis: of * voltage shi
achieved with a forward-biased - diod and by
its temperature dependence. The Zen r _'dmde
is also limited to a  fixed voltage
individual Zener  diodes of a parucular ‘type
may have relatively large vanatlons in;:Zener
voltage, . .. _

Resistive p1 attenuators d sclo:
prior art. prowde level shift, with L
perature or frequency dependence. The . pi
attenuator circuit. also provides a contmuously

{Price 25 p]

VEIKKO 'REYNOLD SAARI - § .
' (54) VOLTAGE LEVEL SHIFT CIRCUITS

 said- collee_t 'emm:er= path, so that, in- opera—
id

shift.

vanable level shrft However, it attenuates -the
transmltted signal, in: :providing the level shift
and réquires the use of.an .amplifier to. restore
the signal. A level shifter using a pass tran-
sistoi- with resistors connected between the col-
lector and . base, and. the. base and emitter. of

50

the: pass - transistor- s - disclosed by the. prior -

e-base:to-emitter resistor is made. miuch
less than the dc base-to-emitter resistance:. of
the  transistor, thereby: causing' a fairly .con-
stant-.current; to flow . through the collector-
to-base.. resistor; The. constant current pro-
duces."d relanvely constant. voltage. from  col-
lector- to- emitter, assuming  the base-to-emit-
ter. voltage . of :the. transistor is relatively con-
stant..-Through changes in the values of the

resistors: the voltage shift is made continuously -

55

variable. However, the voltage shift produced

by the circuit is very dependent on the base-
emittér: temperature ,charactensms of - the
transistor. . . .

Accordmg to- the mvenuon a dc voltage
level shifting- cxrcult including a. pass. tran-
sistor . having . collector-emitter- - -path
coupled between a s:gnal -input terminal’and
a-signal -output; terminal -and having -its: base
coupled - to- a;. point -of . reference potenttal
formed ‘by - the junction. -between : a-constant
current source and .a: resistor: the other end
of -which:. is..connected. to .the input of the

uon, ‘th‘ --base . 1s onu'olled through

onducuon of th

R
mgiiitain a constant voltage shift in s1gnals
passing ‘therethrough. from the, input terminal
to the:output. terminal and also so. that tem.
perature changes affecting. the pass transistor
do not substannally affect the said voltage

one lIustratlve bodxment of the i mven-

trans;stor is: conmected to the collector. of 2
first: cutrent . regulator stransistor. The. emitter
of "this first. current regulator. transistor. is
connected to a. voltage source and its, base
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is connected through a regulator resistor to
a reference terminal. The base and collector
of a second current regulator tramsistor are

connected: to the base of the first current
regulator transistor and its  emitter -is con-

nected to the emitter of the first current regu-
lator transistor. When all the transistors have
the same characteristics the current through
the "regulator resistor is dependent on the
supply voltage minus the Vgg of the

second. regulator transistor and -is nearly

equal to the current through the. collector-
to-base resistor. Variations in this current
are dependent on the temperature variations
of the Vpg of the
transistor. If the temperature rises while
the supply voltage stays fixed the base-
to-emitter voltage of all the transistors
decreases and the currents through the ‘regu-
lator resistor and the collector-to-base resistor
increase. This increase in current to the col-
lector-to-base resistor produces an increase
in the collector-to-base voltage which com-
pensates for the decrease in base-to-emitter
voltage of the pass transistor; thereby kéeping
the level shift substantially constant with tem-
perature. :

In another embodiment of thé: invention,
the impedance of the pass tramsistor, and
thus of the magnitude of the voltage level
shift is established by a reference voltage
drop across the resistor energized:by the con-
stant current source. The transconductive
paths of two differentially coupled transistors
of identical characteristics couple .the -input

terminal and the control electrode of the pass

transistor to a second constant current source.
The control electrodes of the differentially
coupled transistors are coupled to the resistor

and to the output terminal, respectively. The

ratio of the current transmitted to the second
cutrent source by the differentially coupléd

transistors is responsive to the magnitudes of -

the reference voltage drop and the voltage
level shift at the output terminal, respectively.
This current ratio controls the transconductive
impedance of the pass transistor. '

Due to the symmetry of the di ferential

coupling the voltage’ level at the control -

electrodes of the differentially coupled tran-
sistors tends to equalize. Hence when "the
voltage level shift departs from the wvalue
established by the reference voltage drop, the
current ratio adjusts to- alter the transcon-
‘ductive impedance of the pass tramsistor to
equalize the voltage level shift with ‘the
reference voltage drop. - L

This voltage level shifter accurately shifts
voltage levels substantially ' independent of
temperature variations and has the additional
advantage of being adapted to be embodied
in integrated circuit form with all the atten-
dant advantages of this construction,

The - invention will" be- better- understood
from the description of various embodiments

second Tegulator '

thereof when read in conjunction with the

drawings in which:

Fig. 1 is a schematic of the a first embodi- .

ment of the invention;

Fig. 2 is a schematic :of another embodi-
ment of the invention useful for driving a
transistor load; o
" Fig. 3 shows a further illustrative embodi-

ment of a voltage level shifter according to '7'5

the invention; .
Fig. 4 shows a still further embodiment

with auxiliary circuitry to permit a wide

range of voltage level -shifts without un-

balancing the feedback control; and . -
Fig. 5 shows schematically a four-terminal

balanced wvoltage level shifter in accordance

‘'with the invention.

. The circuit of Fig. 1 is a dc voltage level
shift network illustrating the present inven-
tion. The-input to the circuit is applied to
terminal 10, which is connected to the ‘col-
lector electrode 3 of a transistor 1 and the
output of the circuit is derived from ter-
minal 12, which"is connected to the emitter
electrode 4 of transistor 1. Resistor 21 is
connected from terminal 10 to terminal 11,
which is connected to the base electrode 5
of transistor 1. The collector electrode 6
of a second transistor. 2 is also connected to
terminal 11. The emitter electrodes 7 and
8 of transistor 2 and a third tramsistor 9
are connected to negative voltage source, Vs.

2 and 9, respectively, and the collector
electrode 17 of transistor 9 are connected
to a terminal 13 which is connected to one
end of resistance 22, the other end of which
is connected to the reference or ground ter-

to

Vs—Vnﬁ
. -9

o 3.
where V;;_F;' is the base-to-emitter voltage of
transistor 9. .
If the transistors have high gain and their

characteristics are similar, then thé current
through resistance.21 will be nearly the same

as that through resistance 22. This occurs

because the base-to-emitter voltage of tran-
sistors 2 and 9 are the same and. therefore
their emitter currents will be the same. This
occurs because - substantially equal current

densities flow in emitter junctions placed in

parallel, with only minor depenidence on base-
to-collector voltage. If the transistors have
high gain, then the base cutrents can be
ignored. Therefore, the current -through
resistance 22, which becomes the emitter
current - of transistor 9, and the current

‘The current through resistance 22 is equal
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ﬂn‘Ough -resistance 21, which' be‘:omes the

«~The -voltage :level .
base-to-émitter . voltag
the voltage ‘drop ‘acr
is ‘equal-to the ‘current thr
multiplied: by: itsresi
voltage: level” shifteq

If Ry, is.the same as R,
the: same, the levels..shift :
The; wansistors:may. be sélected fo have equal
characteristics. or_they ‘may b, formed on the
same substrate during:a’ manufscturing pro-
cess, such as an integrated-circuit arrange-
- From the above

the circuit -can: be:

the Vnﬁ’-s.:ate
equal to V.

the - level shift can .be" continuously con-
trolled by changing, the"“supply voltage,
Vs, and is independent.of the input voltage.
Fig. 2 shows an .embodiment of the inven-
tion. driving - a_transistor, which- is. to operate
at a voltage different from the!input, It shows
terminal 12 connected ‘to - _
transistor 31, The .emitter electrode of tran-
sistor 31 .is connected :to supply voltage, Vs,
and - the. collector :electrode 33 of transistor
31 is connected to the. output, terminal of
the circuit 14: Resistor 23" is*connected from
base to emitter. of transistor: 31 and supplies
irrent of transistor

the driving voltage

1. With this arrangem
is fixed at :

v.i.n = -vs + ZVBE +

H R21=R22, then V;Iﬁf— ..ofe thé,t any

- variations of the supply-voltage' Vg are effec-

* . tively masked from the «driving. .point, . If a

. wl_:ic_h-the;s-following;-aren: ical :valu

50 B
Vg =35 volts. - - -
*Rs3=5R23=2000 ..ohm:
s :Rg,-,=1500--ohm§-_' )

- diode is added - in .series. 'with resistance 22,
: then the.driving:: point :bias- voltage: will be
. equal: to.:zero::; This- current . is ‘useful’ where
- the driving: source ‘has:a relatively: small volt-
~ &ge: swing. ‘The invéntion may be-used in an

integrated -circuit ‘operational ~amplifier -in

€S

Vngid.? volt I

. end-a.resistor: wi

" and 102

the: base 30 of g .

base-ermtter]unctlon woltage of a transistor
constant current. through
ollector: t6 :base of:: the

it connected
‘transistor- as

Voltage Jevel -shift between stefminals - 101
by ‘controlling -the series ‘transcon-
ductive impedance: of the ;pass transistor 130.
- A floating " reférence’ 'voltage;: ‘which: deter-
mities “the ‘magnitide -of “the voltage: level
shift'is derived’from the voltage drop across
the" -resistor : 141..."This- :ivoltage - drop | is
developed in response ito' a:constant current
flowing -therein  established by ¢he -collector:
emitter -current: of - the :transistor : 160 - Tran-
sistor 160 is biased by the voltage: drop-across
the : diode-connécted: transistor: 180, ‘which in
turn-is"biased' by -a-current supplied by .the
voltage source 115 :flowing-through resistor
116: The resistor 141 is preferably:constriicted
of material having temperature independent

 resistance’ charactetistics, or'if this.is not pos-

sible it may be compensated by ‘an electrical
device : having. coimplementary. temperature
controlled resistance: chiaracteristics series con-
nected therewith” andincluded-in the genera-
tion: .of :the reference <oltage drop.::i:: -

"The differentially : coupled': transistors 110
and’ 120 compare:ithe output voltage at ter-
mifial 102 - with :the  reference voltage -‘drop
across” ‘the - resistor 141; - The voltage - drop
across resistor: 141. is' applied - to - the® base
electrode 111 of transistor: 110, The ‘voltage
at ‘the output terminal 102-is applied to the

base - electrode -121:of the transistor 120. The

the .constant: voltage
‘constant ‘current. In-
iy - th ter -electrodes: 112. and
122-:are both. connécted :to the colléctor 173
of . transistor 170, the :sum’ of +the:-currents
traversing ‘the' two collector-emitter. ‘paths. of
transistors :110-and: 120:is a constant.. -
I adily-apparent- from the foregoing
tecminal
dge: drop

output”terminal 10
at the': base.: 111,
of thie: transistor -

; does : transistor :110. - This
2dded -current: transmitted - by - transistor 120

diverts.ithe ‘current transmitted via the resistor
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130 and -increases its transconductive im-
pedance. The increased . transconductive
impedance of transistor 130 increases the
voltage drop across the collector-emitter ter-
minals and reduces the voltage at output ter-
minal 102 until it equals the voltage at base
111. It is apparent from the foregoing
description that the feedback arrangement will
respond to a decrease in the output voltage
at terminal 102 to cause a corresponding
decrease in the transconductive unpedance of
transistor 130. -

A capacitor 151 shunts the collector-emitter
path of transistor 130. This capacitor 151

operates as a high frequency low impedance

series path to bypass high frequency signals.

It is apparent from the foregoing descrip-
tion that since the voltage level shift is deter-
mined by the voltage drop across the resistor

141, the temperature responsive characteristics
of the transistor will not significantly alter
the voltage level shift. The voltage level shift
additionally may be readily altered by simply
altering the impedance of resistor 141, or by
altering the current flow through transistor
160.

A voltage level shifter permxtt:mg a w1der
range of adjustment in the voltage level shift
is disclosed in Fig. 4. In the . voltage level
shifter disclosed in -Fig.- 3. and described
above, the current flowing. through the col-
lector-emitter path -of transistor 120 varies
significantly with the magnitude of the volt-
age level shift. As the magnitude of the volt-
sge level shift increases, the inequality of the
currents flowing through transistors 110 and
120 increases to ‘a point at which one of the
differentially paired transistors may turn off,

The voltage level shifter ‘disclosed in Fig.
4 includes 2 current bypass. to transmit the
increased current due to the increased voltage
level shift directly to the output terminal
202 bypassing the differentially paired tran-
sistors 210 and 220. Hence the inequality of
the respective current magnitudes flowing in
the differentially paired transistors 210 and
220 at high voltage level shifts is reduced
to prevent a turn-off of one of these tran-
sistors. The regulator transistors 230 and 235
are cascaded in a Darlington connection. The
improved gain due to this connection reduces
the dynamic impedance of the level shifter.

The level shifter of Fig. 4 is modified to
permit a larger voltage level shift by includ-
ing a current bypass transmission path includ-
ing the transistor 250, and the resistor 291
to' transmit excess current directly to:the out-

‘put-terminal 202. A resistor 292 shunts the

collector-base. junction. of the transistor 250
and connects the resistor 291 to the collector
231 of transistors 210, The magnitude of the
current flow through the resistors 291 -and
292 is controlled by the base-emitter junction
voltages of the transistors 230, 235 and 250.
The current ﬂowmg to. the collector - 231

of transistor 210, via resistor 292, is controlled
by the collector-base volitage drop :of tran-
sistor 250 and hence cannot change by large
amounts. At high voltage level - shifts, the
resulting - increased current. traversing the
Tesistor .291 is ‘transmitted by the collector-
emitter path of transistor 250 to the output
terminal 202 of the level shifter. It is readily
apparent that by bypassing this  increased

current to the output terminal 202 the

currents traversing the -differentially paired
transistors 210 and 220 do not become sig-
nificantly unbalanced: causing one of the
transistors to turn off.

The base electrodes 211 and 221 of the
transistors - 210 and 220 are coupled by a
capacitor 262. “This capacitor 262 is utilized
to eliminate resonance between the impedance
parameters of transistors 210 and 220 and the
capacitor 261 which is used to bypass high
frequency signals.

The capacitors 269 and 267 connected
respectively to” the base electrodes 211 and
221 ‘of tramsistors 210 and 220, and shown
in dottéd form, represent parasitic capacx-
tances to ground. The parasitic capacitance
269 draws a current through the resistor 241
to ground. This current increases the magni-
tude of the voltage level shift from terminal
201 to 202. However, the parasitic capaci-
tance 267 draws a current which produces
a voltage drop of opposite polarity across the
resistor 282. This’ voltage drop developed
across. the resistor 282 neutralizes the increase
in magnitude of the voltage level shift pro-
duced by tlie current drawn by parasitic capa-
citor-269. It is apparent from the foregoing
that ‘the range of voltage level shifts of the
level shifter is greatly increased by the addi-
tion: of the current bypass transmission path.
Since the basic operation of the level shifter
shown in Fig. 4 is identical to that of the
level shifter disclosed in Fig. 3 it is not
believed necessary to further describe its
operation in detail.

The Jevel shifting - arrangement disclosed
in Fig. 5 comprises two level shifting cir-
cuits as disclosed in Fig. 3 symmetrically con-
nected in the two sides of a balanced four-
terminal network. arrangement. A balanced
arrangement of this sort is desirable where
it' is necessary to protect the .circuitry -to
which. ‘the level shift is applied from inter-
ference  currents which may be generated in
response to an.unbalanced dc input voltage.
The. balanced voltage - level shifter advan-
tageously:: eliminates drift signals from the
shifted output voltage derived from the input
voltage. As is apparent from the examination
of Fig. 5 the two voltage level shifters 375
and 385 connected in the two sidés of the

_transmission network each operates in' essen-

tially the same manner as does the voltage
level shifter disclosed in Fig. 3.
The two level shifters 375 and 385 share
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a common constant current source 393 which
supplies the constant cuirent to derive the
reference voltage..drop across the resistors
341 and 381, respéctively. The common con-
stant current source comprises a differentially
coupled pair of transistors 394 and 395 whose

emitter electrodes 396 and 397 are coupled
""to a common current drain 391. The current

flow through the collector-emitter path of
transistor 395 is determined by the respective
voltages at the base electrodes 386 and 387.
The base 387 is coupled to the output voltage
on terminals 302 and 307, via the equal
value resistors 303 and 308. The dc voltage
applied to the base 386 simultaneously con-
trols the magnitude of the common voltage
level shift in each of the level shifters 375
and 385 by controlling the current in resistors
341 and 381, respectively.

The transistors 371 and 372 are included
in the current path from the level shifters
375 and 385 to the common constant current
source 393 to permit independent adjustments
to the voltage level shift attained in each of

the voltage level shifters 375 and 385. These"

adjustments are made in order to balance the
output voltage at the output terminals 302
and 307. The adjustments to achieve the con-
trolled differences between the voltage level
shifts in the level shifters 375 and 385 are
controlled by the respective voltages applied
to the base electrodes 373 and 374. The trans-
conductive impedance of transistors 371 and
372 adjusts the respective currents drawn
through the resistors 341 and 381 and hence
the voltage level shift of the level shifters
375 and 385.

It is apparent to those skilled in the art
that variation in the above arrangement may
be made to alter the polarities of the balanced
output voltage by substituting semiconductor
components of differing conductivity types.
This balanced level shifting arrangement is
useful in providing threshold voltages for
applications to balanced networks.

It is also apparent from the foregoing
description that the level shifting circuits
may be readily constructed in the integrated
circuit form so that the complete circuit may
be contained on a single circuit chip.

WHAT WE CLAIM I1S:—

1. A dc voltage level shifting circuit includ-
ing a pass transistor having its collector-
emitter path coupled between a signal input
terminal and a signal output terminal and
having its base coupled to a point of reference
potential formed by the junction between a
constant current source and a resistor the
other end of which is connected to the input
of the said collector-emitter path, so that,
in operation, the base is coitrolled through
said coupling to vary the conduction of the
collector-emitter path of the pass transistor

to maintain a constant voltage shift in sig-
nals passing .therethrough from the input
terminal to, the “output terminal and also so
that tefiiperature changes affecting the pass
transistor do not substantially affect the said
voltage shift. :

2. A circuit according to claim 1 wherein
the constant current source includes a first
transistor having its collector connected to the
resistor and its emitter to a voltage source,
2 second tramsistor having its collector and
base connected to the base of the first tran-
sistor and its emitter connected to the voltage
source.

3. A circuit according to claim 2, wherein
the base of the first transistor is connected
to a further point of reference potential
through a second resistor, the second resistor
being substantially equal to the first resistor.

4. A circuit according to claim 2, wherein
the coupling between the collector-emitter
path of the pass transistor and the output ter-
minal includes the base-collector path of a
third transistor having its emitter connected
to the voltage source, so that, in operation,
variations of the voltage source are masked
from the input terminal.

5. A circuit according to claim 2, wherein
the connection from said junction to the base
of the pass transistor comprises a feedback
network including a fourth and fifth tran-
sistor having their main current paths inter-
connecting a constant current source and the
base of the pass transistor and their control
electrodes connected respectively to the said
junction point and to the output terminal so
that the conductivities of the fourth and fifth
transistors are dependent upon the relative
magnitudes of the voltages at the said junction
and the output terminal whereby the voltage

.at the output terminal is made equal to that

at the said junction.

6. A circuit according to claim 5, including
a current path connected to the output ter-
minal to effect a diversion of current in
excess of a predetermined amount from one
or both of the fourth and fifth transistors.

7. A circuit according to claim 5 or 6,
including means for generating a voltage in
response to current drawn by the capacitance
of at least one of the control electrodes of
the fourth and fifth transistors so as to com-
pensate for variations in voltage level shift
due to said capacitance.

8. A circuit according to claim 5 or 6,
including a second pass transistor connected
between a second input terminal and a second

cutput terminal, a second feedback network

including sixth and seventh transistors having
their ‘main current paths interconnecting a
second constant current source and the base
of the second pass transistor and their con-
trol electrodes connected respectively to the
said junction point and to the second output
terminal so that the conductivity of the sixth
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4 common constant current source 393 ‘which
supplies the constant current- to -derive ‘the
reference voltage drop across the resistors

341 and: 381, respectively. The commion con-"

stant current. source ‘comprises: a_ differentially
coupled pair-of transistors. 394 and 395 whosé
emitter electrodes -396:and 397 are coupled
to a’common current drain 391. The current
flow . through the: ‘collector-emittér path of

transistor 395 is determined by. the: respective,
voltages. at ‘the base electrodes 386 ‘and ::387...
The base 387 is coupled to the output:voltage:

on 'términals 302 and 307, via ‘the equal
value resistors 303 and 308. The dc voltage
applied to the base 386 simultaneously con-
trols the magnitude of the common voltage
level shift in each of the level shifters 375
and 385 by controlling the current in resistors
341 and 381, respectively.

The transistors 371 and 372 are included
in the current path from the level shifters
375 and 385 to the common constant current

source 393 to permit independent adjustments

to the voltage level shift attained in each of
the voltage level shifters 375 and 385. These
adjustments are made in order to balance the
output voltage at the output termiinals 302
and 307. The adjustments to achieve the con-
trolled differences between the voltage level
shifts in the level shifters 375 and 385 ate
contfolled by the respective voltages applied
to the base electrodes 373 and 374. The trans-
conductive impedance of transistors 371 and
372 -adjusts the respective currents drawn
through- the resistors 341 and 381 and hence
the. voltage level shift of the level shifters
375, and 385.

It is apparent to those skilled in the art
that variation in the above arfangement may
be made to alter the polarities of the balanced
output- voltage by substituting semiconductor
components of differing conductivity types.
This balanced level shifting arrangement is
useful in providing threshold. voltages for
applications to balanced networks. o

It is also dpparent from the foregoing
description that the level shifting circuits
may be readily constructed in the integrated
circuit form so that the complete circuit may
be contained on a single circuit chip.

WHAT WE CLAIM IS:— :

1. A dc voltage level shifting circuit includ-
ing. a pass transistor having its.. collector-
emitter: path coupled between -4 signal input
terminal and a signal output- términal ‘and
having:its base coupled to a:point of reference
potential formed by the junction between a
constant current source and 3 fesistor :the
other-end of which is connected to"the input
of the ‘said collector-emittéi path; so that,
in .operation, the base is coitrolled through
said: coupling to vary the conduction of ‘the
collector-emitter path of the - pass’ transistor

to: maintain- a-constant voltage. shift in sig-

als s passing ‘therethrough from': the: input

terminal ‘to. the output terminal * and- also:.so
that: température: ‘changes -affecting the: pass
transistor ‘do not substantially affect the -said
voltage shift.

;A circuit” according to claim 1 wherein

' the ‘constant : cuitrent -'source ' includes ‘a : first

transistor- having ‘its: collector conected: to' the
tresistor and’its emitter -to a voltage source,

,a:sécond transistor having its collector and
+base connected to the base of the first tran-

sistor. and its emitter connected to the voltage
source.,

3. A circuit according to claim 2, wherein
the base of the first transistor is connected
to a further point of reference potential
through a second resistor, the second resistor
being substantially equal to the first resistor.

4. A circuit according to claim 2, wherein
the coupling between the collector-emitter
path of the pass transistor and the output ter-
minal - includes the base-collector path of a
third “transistor having its emitter connected
to ‘the voltage source, so that, in operation,
variations of the voltage source are masked

_from the jnput terminal.

" 5. A circuit according to claim 2, wherein
the connection from said junction to the base
of the pass transistor comprises a feedback
network including a fourth and fifth tran-
sistor having their main current paths inter-
connecting a constant current source and the
base of the pass transistor and their control
electrodes - connected respectively to the said
junction point and to the output terminal so
that.the conductivities of the fourth and fifth
transistors are dependent upon the relative
magnitudes of the voltages at the said junction
and the output terminal whereby the voltage

- at the output terminal is made equal to that

at the said junction.
6. A circuit according to claim 5, including
a- current path connected to the output ter-

minal- to effect a diversion of current in

excess ‘of a.predetermined amount from one
or both of the fourth and fifth transistors.

7. A circuit according to claim 5 or 6,
including means for generating a voltage in
response . to current drawn by the capacitance
of at least one of the control electrodes of
the fourth and fifth transistors so as to com-
pensate for variations in voltage level shift
due to said capacitance.

-8. A circuit according to claim 5 or 6,
including a second pass transistor connected
between a second input terminal and a second
cutput terminal, a second feedback network
including sixth and seventh transistors having
their main ‘current paths interconnecting a
second ‘constant current source and the base
of the second pass transistor and their con-
trol ‘electrodes connected respectively to the
said junction point and to the second output
terminal so that the conductivity of the sixth
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and seventh transistors are dependeht upon the Fig. 1 or Fig. 2 or Fig. 3 or _Fig._ 4 or Fig.

relative magnitudes of the voltages at -the
said junction and the second output terminal
whereby the voltage at the second output
terminal is made equal to that at the said
junction. _ - o

"9, A dc voltage level shifting circuit
arranged and adapted to operate substantially
as hereinbefore described with reference to

5 of the drawings.
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