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. (71) , -: . We, . W:E~TI!RN . EJ,.ECTRIC 
COMPA~y, .INCO~ORA'J'E;D, o.f 195 
Broadway;, N~ Yor~ City, Ne\v York, S:ta~, 
United· States · of l\nlerica, a . Coq)or!lti9n 
organiZed and· aiSting llµder the laws ,of the 
State-of N~ Y9rk, lJnitCd:States of :America, 
do hereby . 4eclare ·the. invention, for · whicll 
we pray .-'tha_t a patent ::may be. grantCd to .us, 
and the ·.inethocrby wliicli it· is to _be· Pel,';_ 
formed; tc;>. he<, particmarly deseribed. in · and 
by the .foUowing · $tatement: - · . , · 

This, mvention relates. to" de voltage level 
shift circUiu:. ·such, cir®ts may be ,used ·. io 
provide :a change in voltage level.in order 

15 to match_. the output bilJs voltage ICV#. of. o~e 
circuit with ' the Jnput bias VQltage level of 

. 20 

30 

:,40 

another. . . . . 
In manY circuits· it is desiraple to change 

the av~ge otitput y<)ltige of one ~ stii.ge to 
a diffe~t level ~ore ·applying i~ to the 
input of the succeeding stage. This is usually 
done to take advan~ge of the optiilium bias 
conditions for · each · stage. Homer, sointf:' 
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 de level 
shifts include , utilization of forward-bi~.d 
diodes, zener diodes, pi . attenuatcirs;· - and 
transistors having their collector-to'.'.'~®r 
.voltage .con1:rolled· -directly_ .bY. · itri.Pci;larice 

I:e(·JfJn1-~ts~b~Jt1~~~~~s~sm1fi~~~ 
increments'. of· voltage shif't::;,w-iµ~ ·can l>,~ 
achieved with a forward.:.biased dfode arid by 
its iempC:ra~ dependen~. The .. Zeµer (lii>de 
is also "lifuited. to a fixed voltage. ~ft. ··and 
in~yiduaF ~er· dioc'les "of a pafi:ii=tilar_:tjipe 
,riiay have relatively "J.i!.rge va_riations inJZCner 
voltage; : ·· , .·, ,· ·:·. ,. · ·:·_,;_, 

Resi~tive. pi . atteriilator8 .. disclo~: in , ·the 
prior art ,pro\.:{4e level ~ft,. with" little ~-

45 . p~ature . or ffequeiicy depC!jd~ce TJ:ie,. pl 
attenµator, circiii.t. al~o pl'f)Vi~es ii co11ti11tjc:i~ly 
[Price 2Sp] 

. ~-- . 

variable lev:e.1'. sh.ift. Howev~r,' :it ~ttenuate~-d1e 
~Sniiited :signal, in:•providi~g the level shift 
and requjres. the u~e of. a11. amplifier to. J:estore 
~e, signal;·:A: level s):iifter us,ing a _pass .tta.tl'- 50 
si11tot: With ·.re~~tors connected j)etwc:en the .col­
lector an4 -~ and, the., bas~ and emittei'· c:>.f 
:di¢'. 'pass,• ti'a.tisistor i~ _discl~d by the prior 
ait·-Tbe.base-to-emitter resistor is made.:Iriuch 
ie~ than ihe" de base~to-'eiiiitter" resistance .of 55 
the ti'aI1$istor; thereb.y· cau~ing· a fairly' con~ 
~$f cUl'J:ent; to flow ·,throtigh the collect.or'.'.' 
t9:".baSe J'~sist()r~ Tli.e : C()llst;ant current pro .. 
4uces.·a l'eJ1ttively conittant.vc:>ltage- from . .:;ol­
lectt>r to· enµ~,. assuming .the. base-to-~t- 60 
~ ... voltage, o~ :the. transistor is relatively ~9I1-
S™1t. ·Thrcmgh . ~anges in th,c;: values of the 
~st<>rs the: voltage shift Js nµlde con,tinµousiy 
variable; ·However, the vQl~g~: shift p!,'.odti~(;l 
b.Y the ciJ;Clli~ is very depen!3,ent on theJ>ase'." 65 
eritl~'. ·temperatµre;-.;ch_aracteristics of·,_·~ the 
ti-arisistol\ .. ' '· •·..' ·· .. · . ' ,, ' '' ··, ',.' '·· 
) Accoi'd,i11g to the/im_r~tiQll a de voltage 
leyel' shifting .cim1it,, including a pass, tran'." 
sistor ' :ha:vfu.g:, i~,': ~0:~or-Clllitter ·• pa~ 70 
coupled : J;jetwe~ a !!~goal:· .input t~rminal and a signal- Ol,ltpUt t~inill:and. having its::hase 
~Q~pled : •t<>· a:. point · ~F reference :PQteriti1tl 
f()rined. : by ·:the . junction,·: berween : a. --c.oiistant 
current source JID.d 'a:. resistor' the other. -.cmd 75 
:of.·which·,i~ ~OUJ?,ected ,to: ,the input ot,the 
~aid · collector~emi~i· Pllth, so that, in: oper~'." 

~::;lini;to~;searyi~~~~~~o~u~~,--·~~\~ 
lectOt~emitter, path of. the, pass transist0r: to 80 

~ti~th~~:~·:~:~~~~u~ ~~ 
t() :the:C)µt:put: -~:and _also so: that .tenk 
pei:a~ 'ch~ges a1fecting, we pa1$5 transistor do. not si.tb8tantially · a1fe.::t the said vol~ge 85 
shift;· ·.·• ... , ..... ,. . ,:..... . .. · . .• · 
·.: .· Iir_ on¢:itfos1:rative.;eml>odiµient _of th~. in'1en­_tion a · coll~or"to'."bas~ · ~esist:oi:' of, :th.e .· pass 

~c$J; ~:~C:dk:s=r:0¥i~~:~!e~ oo 
of this first. current regulatcir.. transistcir. is 
cp~ectef ri> ~ .. yol~ge: s0~e and frs,b88e 
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is connected through a regulator resistor to· 
a reference terminal. The base and collector 
of a second. current regulator tranSistor are 
connected to the base of the first · cinTerit 

5 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 

10 supply voltage minus the VBE 'Of the 
second. regulator transistor 1Uld is . nearly 
equal to the current through the. collector­
to-base resistor. Variations in this .cutreil.t 
are dependent ·on the temperature variations 

15 of the V BE of the second regulator 
transistor. If the temperature rises while 
the supply voltage stays iixed the base­
to-emitter voltage of all the transistors 
decreases and the currents through the · regu-

20 Iator 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 

25 voltage of the pass transistor; thereby keeping 
the level Shift substantially constant with tem­
perature. 

In another embadimerit of the invention, 
the impedance of the pass transistor, and 

30 thus of the magnitude of the voltage level 
shift is established by a reference voltage 
drop acr<>Ss the resistor energized• by· ~e con­
stant . current source. The ttansconductiV'e 
paths of two differentially coupled transistors 

35 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 difierentially 
coupled transistors are coupled to the resistor 

40 and to the output terminal, respecti:vely .. The 
ratio of the current transmitted to the second 
current source by the difierentially ~oupled 
transistors is responsive to the magnitudes of · 
the reference voltage drop and the· voltage 

45. level shift at the output terminal, respe¢tively. 
This current ratio controls the transcondUctive 
impedance of the pass transistor. · . 

Due to th,e symmetry of the differential 
cotipling the voltage · level at the contr1;>l 

50 electrodes of the differentially coupled. tran­
siStors tends to equalize. . Hence when · the 
voltage level .Shift departs · from the value 
e~blished by the reference voltage drop, the 
current ratio adjusts to .alter. the trariscon-

55 ·ductive impedance of the pass transistor to 
equalize the voltage level. shift with 'the 
reference voltage drap. . 

This voltage level shifter accur.ately shifts 
voltage. levels · SJibstantially • independent of 

60 temperature. variations . and has the acJ4~tioilal 
advantage of· being ~pted· to be embodied 
i11 · integrated circuit form with all the atten­
dan_t advantage8 of this construction.. 

The invention· will be· better· under8tood 
65 from the description of various embodiments 

-·· ---- _____ ;;::.--_· ---'----·--~-

.. 

th~eof whCn read in conjunction with the 
di'awin~ in which: . . . 

Fig. 1 is a schematic qf the a first embodi­
ment of tJte invention; 

. ... ,....:..: 

Fig. 2 is a schelilatic of another embodi- · 70 
ment of the invention useful for driving a 
transistor foa.d; . 

Fig. 3 shows a further illustrative embodi­
ment of a voltage level shifter according· to 
the invention; 75 

Fig. 4 . shows a still further embodiment 
.· with auxiliary circuitry to permit a wide 

range of voltage 1eve1 Shifts without un-
balancing the feedback :control; and· · 

Fig. S shows schematically a four-terminal 80 
balanced voltage level Shifter in accordance 
with the invention. 
. The circuit of Fig. 1 is a de voltage level 
slrlft network illustrating the present inven-
tion. The input · tO the circuit is applied to 85 
temiinal 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 1:0 the emitter 
electrode 4 of transistor 1. ·Resistor 21 is 90 
comiected from terminal 10 to terminal 11, 
which is connected to the base electrode S 
of · transistor 1. · The collector electrode 6 
of a second transist<>r 2 is al8o connected to 
terminal il. The emitter electrodes · 7 and 95 
s· of ·transistor i and a· third transistor 9 
aJ.1: 'connected. to . negative VOitage source, VS• 
·nie base electrodes l5 and 16 · of transistors 
2 aild 9, respectively, and the collector 
electrode 17 of transistor 9 are connected 
to· a . teimiilal · 13 which is coruiected to one 
~d of re8istance 22:. the other end of which 
is connected to the reference or ground ter'." 
minill 2S. .. .· . 

The · ciJrrent through resistance. 22 is .equal 
to · · · · · 

where V 11ii: is the ba&e-to-emitter voltage of 
. .. , 

transistor 9. . 

100 

105 

·u: ·the. transistors have high gain. and their 110 
characteristics are . similar, then the current 
through resistance 2Fwill be nearly the same 
~ thiit through resistance 22. This occurs 
because· the bale-to-emitter voltage of tran,.. 
sistors 2 and 9 are the same and . therCfore 115 
their emitter currents will be the same. This 
occurs because . sub~tially equal current 
densities flow in emitter junctions plac;ed in 
parallcl, with only. minor dependence on· base­
to-collector voltage. ~f the . transistors have 120 
high gain, then the base currents can be 
ignoi-ed. Therefo.i'e, . the eurrent ·through 
resistance 22, whiCh becomes the emittel' 
current of transistor 9, and the current 

___ ::::::..~~----

..-;.· 

'-. 
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1352056 ' · ... '··.···. 3 
through , resistance 21,-: which' '•becotnes<'the 
emitter current of transistor' 2r will. . ·be· the. 
same. '°'·':-::• .· ··' · .. ·.· ... ,. 
,, ·The :voltage ::le\Telshiftds :made up of::;the 

b~-eitji~ ;j~¢tje>p. ;:voltage' <>f a transistor 55 ·end,a.re111stor•Wlthaconsamt current. through 

! 5 

~1J;L~i ~~~~~ 
";.·· ... 

10 

~ematically' · u( fig:•. 3 gerieiates· ·-a ·. constant 
:vo1~ge;:-1eVC1 ·sJiift>'betWeeii :tCtminals. -101 65 
and 102 by ·controlling the series transcon­
ductive impedance of the -pass transistor 130. . .... . · ·'A ·fl~ting reference· :witage;··which· deter-.. . . "' ~nes '·tlle . magriitu(le . of ' tlle :voltage·; level If R21-i.s .. $~-~e ~11;R~~·fu1a:me VBE's.a~ shiftJs derivedfrofu',the~v'Gltage·drop acl"OSS 70 the:,· sam~, tb.e l~~ . Jiliift · i~ ¢.qv.aJ. to Vs· the«· :resistor · 141. : . This. Jvoltage >drop .' is The; tr,ansi11tqrs, JI1llY~ ~- 'setecte4 :to ha:ve. equal de~loped -~ response 'to a constant Current characterii;tics. or th~y •. may· be,•fornie_d on th~ fiOWing ·therein :: estij.blishe_d •by the· collector:• J5 sa,me su6'Strate; during a maiiiif4ttu$g P~ elllittet turient• of'the· ·transistor -160; Tran;. cess, siich as an· integrate<i· c4:<:Uit arrange- sistor 160 is'bia8ed by the,voltilge•drop.-ac:ross 75 mei)t. ·. ·. . , : · : •; ;,_.,., . · · ·. · the'· d!ode-cOririectecf-.trarisistor,• -180,- ·'which in From the .. above an~ysis>it is seen that tuni·is·hfased• by··a-'~t· supplied by' the the drotlt · can: b~ · · inade: . to provide voltage souri:e;'.115 : fi,owing· thrOugh resistor ·20 a stab!~ . ·voltage ~evef /shift which . is U6{The resistor'141 iS preferably,constrilcted substantia).ly ~nd~dent·'.of · 't;fie .. temperature of material having tem.p~ture independent 80 effect .. ·of VBE·. ·Also,>· the ,amomrt. of · resistance· charactetistics~ or if-thisJs· not pos-the level shift <:an . be: oontinuously con- sible it may 'be. c0Il1pensated ·by an electrical trolled by changing: tile· slipply voltij.ge, device :.·•having .. coiJ:J.plemeritary, temperature · 25 Vs1 and is indepengent_:Of the_ .inpl,it -voltage. controlled fesistance:·characteristics series con• Fig. 4 sh<>ws aI'.l..·~bodiuleii~,~f th~ inven- neeted therewith· and•Induded>in the• genera.,. 85 tion. driving· a trarisi~tor Which<.i~- to, _operate ti<>ri': Of the refere,nce;vciltage:c4"op.::: . · ~ta, voltage di~ereri~ fl:ori(tlle:input, It sho.ws 'The· diffetehti~y·, couplec:t>:tran~stors ·110 terminal 12 .connected ·to· the. base 30 of a and'l20 ¢oni.Paieithe output v0ltage at ter-:30 transistor 31. The,emttter"electrode of tran- miiW 102 With .the rderenee.'V.oltage.·'df<W sist9r 31 .is coimed~ :to supply voltage, Vs, acro8s· the. reSistot · 141; "The <voltage· drop 90 and .. the collector .• eleCirooe ": 3~ of transis~ across resist<)t;. 141. is : . applied ·.to . the: base 31 ~s c_(}iµieete4 :tq,. ti:ie;· output, .tenninal of electrode lll of" tr~Sistor: llQ. 'The ·voltage the circuit 14•; Resistor· 2l is i:cilll'.lected frQm at the output tern;llrial 102 :is applied t0 the · .. ::~5 .· base to eIDiner of tr~~st0r 3.i_; ~d supplies base: electrode .12hof. the ·transistor· 120. The a path for the em~~ c~t, of lJ,"anSisi;or emitter electrodes: iii: and' 122. of. transistors 95 1. With .. this arran~(the'.··-~iv,ing voltage 110 ·and '120 ··.·are ··coupled .to:· the : collector 

is fixed _at · · .·.· .' >. :~1~01zti~~-~~~': -~~~~~~~~=~ v v 2V ·[. v;'..v~·i··· R SollrCC· HS: coiiduets::'a constant.-Current. Iri-~n = - s + BE+ ... ,;.;.;::;_,;,'. · 2.l asnitich · as· the",ethltter>electiodes• 112. and 100 
.. ,· it2i· :, : 122· :are both connected ·to . the collector '173 ~::· · · :.: of.·.trlnSi$tOi .:~'.l7Q~:;~ ;~: ~:.SWJ.1;~·-of <tiie~::.-cu~ts 40 If R21 =R22, then Vin,....:..\"~: Note that auy traversing· :the· twp :c0llect()r~tter .'paths. <>f ', .: . Variations of the supply-:V91tage:Vs are effec- mmsi~.:110.;an4<)20ds' a cci11Stant .. tively masked from . the : drivirig. ; point •. , If· a · It As readily appaient from ·.the foregoing 105 

45. :::~ .!!~~~th~~~~J: !~s~S~:~:~fuf.iti~!~i!! ti)e. driving:souree has !!- :relatively; small volt- of the ;ttanSistorS no and' 120 :are accordingly sge swing.<Tbe 'invention: maybe-uSed in an varie4,';·If;· foi:-e*~pl~;:,t:hC.r:voltage:at the 110 integrated · ~t operati~al · l!Jnplifier in output' tefiajnal::-192 . rises ab()ve· the' voltage which the ·following: are·:typ~ ;~es: at· the•· base>:n.1,.: the -~ollector-Cm:itter path . ... ;: < of the::ttansistoi:·120 C911dricts, a"greater por-.· 50 · VnE=0.7 volt •·;. <·· tion·>of;the coris't:arit•:ctiirent-.drawn .. by··t:ran-. :Vs =3S volts -.: .. ,. · .. · .. sistor: 170 than ;does" transistor· ::110. This 115 :«R21 -::R22:::;:2000 ~:ohms· >' · · ·· , : ' .. . ·· .. .. · added:«-current: transmi~: -.by, tranSistor 120 · ':, .:'·:Ras= 1500 ohms:· · ·: · · '. .. " . . . . · · .di~ ~the :ci.trrenf transtriitted via ·the resiStor < .' · · 142· :from. -.:the· base• 131 · of trimsistor·, BO. · ·.;. ' :Thus' the invention irt~~ly~ the· use of a This .. rednces tJie conductivity of. : tr'1I1Sist0r ' ;" 
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130 iand -increases its transc0nductive im.;. 
pedance. The increased transconductive 
impedance of transistor 130 increases the 
voltage drop across the collector•emittei" ter-

5 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 

10 at terminal 102 to cau8e a c6rreSponding 
deerease in the transconductive impedance of 
transistor 130. 

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

15 operates as a high frequency_ low impedance 
series path to bypass high frequency signals. 

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

20 141, 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 1.41, or by 

25 altering the current · flow through transistor 
160. 

A voltage level shifter permitting a wider 
range of adjustment in the voltage level shift 
is disclosed in Fig. 4. In the voltage level 

.30 shifter discfosed in · Fig. 3.. and described 
above, the current :flowing. through . the cql­
lector-emitter path ·of transistor 120 varies 
significantly with the magnitude of the volt­
age level shift. As the magnitude· of the volt-

35 age level shift increases, the iµequality 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. 
40 4 includes a 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 

45 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 

50 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-

55 ing a current bypass transmission path. includ­
ing the transistor 250, and the r~tor 291 
to· transmit excess current direCtly to. the out­
. put terminal 202. A resistor· 292 shunts the 
collector-base junction of the transistor . 250 

60 and connects the resistor 291 to. the collector 
231 ·of transistors 210. The magnitude of the 
eurrent flow through the resistors 291 ··and 
292 is controlled by . the base-emitter -junction 
voltages of the transistors 230, 23S. and 2SO. 

65 The current ·flowing to, the collector. 231 

of.transistor 210, vja reSistor 292-, is con~olled 
by the collector-base .voltage· droi) •··of. tran­
sistor 250 and hence cannot change by large 
amounts. At high voltage level shifts, the 
resulting increased ClJtrellt traversing the 
reSistor . 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 b}'passing this · increased. 
current to the output terminal 202 the 75 
currents traversing the ·differentially paired 
transistors 210 and 220 do not become sig­
nificantly unbalanced causing one of the 
transistors to turn off. 

_.A. 

70 

The base electrode$ 211 and 221 of the 80 
ttansisto~s · 210 and 220 are coupled by a 
capacitor 262. This capacitor 262 is utilized 
to eliminate resonance between the impedance 
pilraineters·of tranS.istors 210 and 220 and the 
capacitor 261 which is used to bypass high 85 
frequency sigrials. 

The capacitors 269 and 267 connected 
respectively to the base electrodes 211 and 
221 of transistors 210 and 220, and shown 
in dOtted form, ·represent parasitic capaci- 90 
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- 95 
tance 267 ·4ra:ws a current which produces 
a· voltage drop of opp0site 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 the current drawn by parasitic capa­
citor 269. It is aJ)parent frQnI 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 liasic 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 level shifting ' arrangement disclosed 
in Fig. S 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 11,pplied from inter­
ference eurrentS' which may be generated in 
response to an. unbalanced de input- .voltage. 
The. balanced voltage · level shi~ 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 sides of the 

. transmission network each operates · in· essen­
tially the $atne manner as d0es the voltage 
level shifter disclosed in Fig. 3. 

The two level shifters 375. and 38S share 

100 

105 

110 

115 

120 

125 

130 

.. -------- .· ···---- -··~---

\ 
\ 

\ \...__ 

;:,.,: 

·' . 
...... .:.: 



5 1,352,056 5 

. ··. ! ... ··; 

~-·; .. i 

... 

\ . ·; 

. . ~ 

· a common constant current source 393 which 
~(-· ~ supplies the constant current to derive the 

' reference voltage:: ,,_c:lrpp across the re~stors 
i 341 and 381, respectively. The comm.on con-
, S stant current source comprises a differentially ,,. J coupled pair of transistors 394 and 395 whose 

emitter electrodes 396 and 397 are coupled _______ .... to a common current drain 391. The current 
fl.ow through the collector-emitter path of 

10 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 de voltage 

15 applied to the base 386 simriltaneously con­
trols the magni:tude 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. 

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

25 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 adju&tments to achieve the con­
trolled differences between the voltage level 

30 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 

35 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 

40 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 

45 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 

,,. 50 be contained on a single circuit chip. 

WHAT WE CLAIM IS:-
1. A de voltage level shifting circuit includ­

ing a pass transistor having· its collector­
emitter path coupled between a signal input 

55 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 

60 of the said collector-emitter path, so that, 
in operation, the base is corttrolled through 
said coupling to vazy the conduction of the 
collector-emitter path of the pass transistor 

. . ,· ! ·: .~·; ··;·· .. 

.. .'if·.·!. .• 

to maintain a constant voltage shift in sig-
nals passing,/ wei:ethrough from the input 65 
t~. to,. the.'(futput terminal and also so 
that tebi.petature changes affecting the pass 
transistor do not substantially affect the said 
voltage shift. · 
· 2. A circuit according to claim 1 wherein 70 

the constant current source includes a first 
transistor having its collector connected to the 
resistor and its emitter to a voltage source, 
11 second transistor having its collectOr and 
base connected to the base of the first tran- 75 
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 80 
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- 85 
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. 90 

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- 95 
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 100 
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. 105 

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 prede~ined amount from one 
or both of the fourth and fifth transistors. 110 

7. A circuit according to claim S 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- 115 
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 120 
output 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- 125 
trol electrodes connected respectively to the 
said junction point and to the second output 
t~nal so that the conductMtJt of the sixth 



· .. •. ·:.-

...... 

•· 

. .:..: 

-------- ··-···· -- -- -- ---------· 

' 

\ \111111 l\ll\l llll\ \\Ill \\ 1111 
··:.• C L M S 

5 
\ .... ; '. 

~:~, 
a :~~rtunon constant current sO'i.l.tce'393• whiclt to maintain a constant ·.voltage. shift in sig• 
supplies the constant ct:UTeiii> re) .-derive the na.ls ' pas5iiig therethrough ' from·.: the• .input 65 
refer~c~ voltage d~<:>P . ac:i-<>ss the resistors . terminal ·to: the outpuf :temunaF and' aiso<:so 
341 and 381, i"t:spediv:ely. The comnion ~on•· thiit<~perature-'·cifanges_·a:ffecting the: -pass 
Stant current sourctft:onipriSes a differentially .fr.msistor -do not sUbStantially a:ff ect the 'said 
coupled paifof fi!µlsistors ~.94 and 395 whose voltage shift. ,.· ,:,,, ·: 

5 

emitfi:f electrodes 396• and 397 m.-e coupled /•:2:;·1)_ ·circwt- according to claim 1 wherein 70 
to a• common current- di'airi. 391. The current · the :•;constant : t:tirre:iit ·source ' includes 'a 'first 
flow ··•.•through ·tlie:· collectoi:.;¢initter path of transistor•having·its'collector connected to· the 

JO tranSistor 395 is c1etel'Diitjed by tb~:ri;:S}>e¢~Vi:r. t¢SistOt and•· its emitter ·tq a voltage .source, 
volta~s:.a:fth.e ·base'eled:iod.es 386 •and:·387 •.. 11 :secoiid ·n-~nsist<>r having· its C:ollectQr and 
Th¢ base 387 is coupled ~the outptit:voltag¢· ; baSe connected to the base of the first tran- 75 
on ·.· temiinals 302 and 307, via the equal sist0r and its emitter connected to the voltage 
value resistors 303 and 308. The de voltage source. 

15 applied· to the base 386 ~itµultaneously con- 3. A. circuit according to claim 2, wherein 
trols the magnitude of the c()mmon voltage the base of the first transistor is connected 
level shift in each of the level shifters 375 to a further point of reference potential 80 
and 385 by controlling the current in resistors through a second resistor, the second resistor 
341 and 381, respectively. - being substantially equal to the first resistor. 2o The transistors 371 and. 372 are included 4; A circuit according to claim 2, wherein 
in the current path froni · the level shifters the coupling between the collector-emitter 
375 and 385 to the common constant current path of. the pass transistor and the output ter- 85 
source 393 to permit independent ad.ju~tni.en~ tjliilal . inclui:les the base-collector path of a 
to the voltage level shift attained in each ()f tflii:d' transiStor having its emitter connected 

25 the voltage level shifters 375 and 385. These to the voltage source, so that, in operation, 
adjustments are made in order. to balance the v!ll'iations of the voltage source are masked 
outI>ut voltage at the ou!:put temiinals 30i , fyom · the input terminal. 
and 307. The adjustment$: to achieve the cori;_ 5. A circuit according to claim 2, wherein 
trolled differences between the voltage leve1 the connection from said junction to the base 

90, 

~O shifts in the level shifters 375 and 385 are of the pass transistor comprises a feedback 
controlled by the respective voltages applied network including a fourth and fifth tran-
to the base electrodes 373 and 374. 'The tranS" sistor having their main current paths inter- 95 
condt.ctive impedance of transist()rs 371 and connecting a constant current source and the 
372 ·adjusts the respective currents drawn base of the pass transistor and their control 

35 thr()ugh the resistors 341 and 381 and hence electrodes connected respectively to the said 
the v~ltage level shift of the level shifters junction point and to the output terminal so 
375, and 385. that.the conductivities of the fourth and fifth 

It i~ . apparent to those . skilled in the art ttansiSt:ors are dependent upon the relative 
that variation in the above ·arrangement may magnitudes of the voltages at the said junction 

40 be m,a.de·to alter the polarities of the balanced and the output terminal whereby the voltage 
output voltage by substit11ting semiconductor - at the output terminal is made equal to that 
components of differing condUctivjty tYJ>es. at ·the said junction. 
This balanced level shifting arrangement is . 6. A· circuit according to claim 5, including 
useful in providing threshold. v<>ltages fc:>r a current p¢ connected to the output ter-

45 applications to balanced net\yorks. . minal: . to · effect a . diversion of current in 
It is also ~pparent frQm. the foregoing cic:ess ·of a: ptedetermined amount from one 

description that the level shifting circuits or both of the fourth and fifth transistors. 
may be readily constructed in. the integrated 7. A cir~t according to claim 5 or 6, 
circuit form so that the complete circuit may ind~dip.g xµ.eans for generating a voltage in 

50 be contained on a single circuit chip. response to cW:rent drawn by the capacitance 

WHAT WE CLAIM IS:-
1. A de voltage level s.ltiftiµg circuit includ.,. 

ing a pass transistor h,aying its co:llector­
emitter path coupled betW~ a Signal .. iriput 

·55 t~inal and a signal outpi.it··.~l )lild 
havingits base coupled to :a:pOintof reference 
potential formed by 'the jilnction _between . a 
constant current source and a resistor -the 
other:'.end of which is cOruiected to'the input 

:60 ?f ··the '~id collector-~ttef ·· path, SC) tb8.t, 
m operation, the base is ~oattolled through: 
said. cot1plirig to vary the· C;oiid11ction of' the 
collectof.;.;emitter path of •the p~ss ':transistor 

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 capaci~ce. 

·· 8. A cir~t according to claim 5 or 6, 
including a· s¢cond pass transistor connect~ 
berweeri a sec()nd input terminal and a second 
output• terqJ;itu~l, a. second feedback net:W:ork 
~eluding SiXt1i and seventh transistors having 
tlleir main. •current paths interconnecting a 
secood ·constarit current source and the base 
of the sec~iid .• pass transistor and their con­
trol ·electrodes· connected respectively to the 
said i:unction point and to the second output 
te,_rminal so that the · conducrlvit:y · of the sixth 
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and seventh transistors are dependent upon the Fig. 1 or Fig. 2 or Fig. 3 or Fig. 4 or Fig. 
relative magnitudes of the voltages at . the 5 of the drawings. 
said junction and the second Oiltput terminal 
whereby the voltage at the· second. output P. S .. BROWN 

5 terminal is made equal .to that at the said Chartered. Patent Agent. 
junction. 5, Momington Road, 

9. A de voltage level shifting ·circuit Woodford Green, 
arranged and adapted to operate substantially ·Essex. 
as hereinbefore described 'with reference to Agent for the Applicants. 

~~~~~~~~~_,,__,~~~~~~ 
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