: FGe3e8h5">6Th%a, -1 A VOLTAGE REGULATOR Field of the Invention 5 The
present invention relates to a voltage regulator and, in particular,‘féja
vol tage regulator for use as a CMOS voltage clanp. Background of the
Invention 10 It is known to provide a voltage regul ator which includes a

refer enmummmﬂmmour ce, an operational anplifier, and an out put

transis whi | e such a vol tage regul ator produces a satisfactory
regul ated vobtoeage output, it is relatively expen5| ve, relatively
cunbersone, and as a result nthB = or use as a vol tage
regulator in VLSI circuits. 18 > —ere, to provide a

vol t age regul ator whi ch produces a satl sfactory regul at ed vol tage out put
but which 'Sﬁgh%}fih\é%yerﬁliﬁpl e and i nexpensive to manufacture. Sunmary of
the Inventio with a first aspect of the present
invention, there is provided a voltage regulator for producing a regul ated
vol tage at a regul ator, output, the voltage regul ator includi ng a reference
vol t age g@nerldedpressnt dnyration de]ﬁFeé\ﬁPcFévalt¢@f weBltE ang) fimpartipplas, to g voltage

reference outr lt{& ugeegs @m‘y& ‘t§ enerator including a plurality of
first f|elde ? ran5|s ors connécted T [

I'n series, each fir effect
transi stor bei ng bi ased so as to operate as a di ode, andum Emwm

out put bei ng _connected to_the regul ator output; transist rreans
arranged to MQ@I&‘;%—%@E{@&HL‘%H the reference voltage; and 85%ut put
transi stor means connected to said anplified reference voltage portion and

to the regul ator output such that the output transistor neans decreases the
regul at etl0 It is known to provide a voltage regulator which includes a reference voltage source, an

operational amplifier, and an output transistor. However, while such a voltage regulator
produces a satisfactory regulated voltage output, it is relatively expensive, relatively

cumbersome, and as a result not particularly suitable for use as a voltage regulator in

VLSI circuits.

15
It is desirable, therefore, to provide a voltage regulator which produces a satisfactory
regulated voltage output but which is relatively simple and inexpensive to manufacture.
Summary of the Invention

20

In accordance with a first aspect of the present invention, there is provided a voltage
regulator for producing a regulated voltage at a regulator output, the voltage regulator
including:
a reference voltage generator arranged to provide a reference voltage at a
25  reference output, the reference voltage generator including a plurality of first field effect
transistors connected in series, each first field effect transistor being biased so as to
operate as a diode, and the reference output being connected to the regulator output;
transistor amplifier means arranged to amplify a portion of the reference voltage;
and
30 output transistor means connected to said amplified reference voltage portion

and to the regulator output such that the output transistor means decreases the regulated



- 2 voltage when said anplified reference voltage portion tends to

i ncrease, and the output transistor nmeans increases the regul ated voltage
when said anplified reference voltage portion tends to decrease. 5 In one
arrangenent, the reference voltage generator further includes a second
field effect transistor arranged to operatge substantially as a resistor.
The second field effect tranS|stor i's preferably a MOFET. I n one

arrangement, the tr n5| ' st tr isto
e £ ng- 10 valtge Y REY i AhoR R eserGhoctTiREs Rl GsTn i Hon B Shibhy
means. The fltfaaslsﬂoflwahg ﬂﬁre%@&%' thé ir&u1VERNSItAF8 YwhenCJatif Emplifidt feflerbhRl wbibd ect
transi stor arranged to operate as an anplifier and a fourth field effect
transi stor amegitgdendsdodpereaice substantially as a resistor. The second
inverting anplifier nmeans may include a fifth field effect transistor
arranged to operate as an anplifier and a sixth field effect transistor
arranged 60 Gp&inetArahperabits tianidférchde aSltaer @nesitd! furthaC hebidek hesdcbhd dield
fourth, fifth and sixth field effect transistors is preferably a MOSFET. In
one ar r angeméffect transistrtapiangad renemto pubsiaatally ave sesistora s tasord firld) effect
effect transi nnected so as to receive said anplified
ref erence voltfaglgétog%r r?%ﬁdba?id@%:%vi ng its source connected to the

regul ator output. The seventh field effect transistor is preferably a

MOSFET. I n one enbodi nent, each discrete conponent_ of the voltagg regul at or
is a MOSFET. 1D oge japrapgapinbatiie dransister amplifigheeanspiaciudes a dhigt tansistasrinverting

i nventio t I r
i n accor dinca PR FRAR HEE ok inGbbF ivkrdr Bl nta® OBk WS
i nventi on. Brar@ﬂlﬁaemaans)magnnomdé faethiidaﬁuldl@ffsa tT:hBlSﬂfrEeﬁ'Eﬁhged I&yepéﬂa&nas\l\hﬂ |
now be described,. by way of exanpl e onl with reference to th

acconpanyi ng 2Phfichgndis donrhs figlds eﬁwfanélsmra?g?a&&%ﬁo PPGEate ag‘@tzwév@uy A in
- 3 accor dagﬁstééj& tfhe%ccﬁ{&ﬁ%ﬂlﬁgseﬁ[lﬁ{;ﬂﬁeaﬂ{s%%ﬁﬂhclhﬁéf & BrnOfk1d PSS aRlibep Of

a Preferred ment o nventi o
arranged to operate as an amplifier and a sixth field effect transistor arranged to operate

15 substantially as a resistor. Each of the third, fourth, fifth and sixth field effect

transistors is preferably a MOSFET.

In one arrangement, the output transistor means includes a seventh field effect transistor
having its gate connected so as to receive said amplified reference voltage portion and

20 having its source connected to the regulator output. The seventh field effect transistor is
preferably a MOSFET.

In one embodiment, each discrete component of the voltage regulator is a MOSFET.
25 In accordance with a second aspect of the present invention, there is provided a CMOS
circuit including a voltage regulator in accordance with the abovementioned first aspect

of the present invention.

Brief Description of the Drawing

30
The present invention will now be described, by way of example only, with reference to

the accompanying drawing which is a schematic diagram of a voltage regulator in



5 Referring to the drawing, there is shown a voltage regulator 10, in this
exanple constructed entirely of field effect transistors and being
particularly suitable for use with a CMOS circuit. The voltage regulator 10
i ncludes a reference voltage generator 12 arranged to generate 10 a
reference voltage, transistor anplifier means 14 for anplifying a portion
of the reference voltage generated by the Teference voltage generator 12,
and output tr i r . 6, e ference voltage generator 12 includes
first field e@?@gﬁﬁct%r@@%@?%&%dl?]%ﬁfﬁ%?m%?mfgmﬂn,‘ 24, in this exanple
n-type netal oxide field effect transistors (MOSFET). The first MOSFETs are
connected in series with each other in a stack' wth each MOSFET havi ng
its respectiJecsgrplion efriPrgferied Embediment of thefiseseatiinventiather . By connecti ng
the drain and gate term nals together, each MOSFET effectively operates as
a diode in that a relatively constant voltage is generated across the
MOSFET when tReferging tonthel drawinyg tBer@ ishstRu@hat igtahbSEEulatof 1@DQN ahi & gol d
current. The reference voltage generator 12 al so includes a second FET 26,
in this examsoBstactdpbel el cffgefiransistoss duk hadrgparfieulpdly syitahledprgse withy
the positive Vvt @age, the second MOSFET having its gate term nal
connected to the negative voltage 2 5 supply so as to cause the second
MOSFET to essentially operate as a resistor. A connection between MOSFET 24
and MOSFET 26 _constitutes a reference voltage node 28. A connection between
MOSFET 18 and heriotasge regulatns d0;includes arefaensesiniiagpesnerator Rotreansed tagenesitece
the refergnc e i requ . QU : 0 ,
the ref e?gncg‘l yég{ﬂ{eg%evgl? hgﬁpéel 8?%%@@%%??%3%8%0 e Ajﬁ]&lgf&g% %3#?[“?1} (é?etggan
out put vol t ageference véltagetgentrated by the eefershexovbltagaigeidtstongrindusiepd ftransistor
reference voltage appearing at the reference voltage node 28 is determ ned
by the nunber&S MSFETs in the stack and by the aspect ratio of the
MOSFETs in the stack. 5 The transistor anplifier nmeans 14 includes a first
transistor inverting anplifier formed by two field effect transistors, in
thi s exanpl e Thr mfrgmpe voltagedgddeitdr Tl Bihchudds firg-fie)d effecurankistrSHERT)3R, 20nd a

second transi t% dnverti ngl anplifier f,or;red by two field effect
transi st bPs, #n+HAR dhiggxamyple nypsmetphexide field effssiiransigsors fMOASFERET)y pEhesfisst h

MOSFET 42. 1QMREETHIarS HeERd iﬁ%eﬂ@szﬂiﬁlsea%ﬂt&h&QH@@stt Wi RecH RIGSINE

e
portion node 32, i1ts source connected to the negative voltage supply, and
its drain coraeingath tespechiee doaim end ghtet themihalsrcohnddiddFegether.  Blgecohneoting the

MOSFET 36 has, i.ts gate connected to th i ve voltage supply, and its
drain connectd&in ‘98‘748 t%%‘i‘*ﬁ? gethe F%@&&%%E&ffgeﬁu‘é@yf) erétﬁﬁgga ﬁ’lﬁ’ge 5thatd ¢ h

MOSFET 36 to [ ' ' :
drain of the TR M B R R B Mo NBSPE TR

constituges dghroiglstheiMOSFET ngatznvplaithieshold oumpertt. node 38. The fifth MOSFET 40
has its gate connected to the first inverting anplifier output node 2 0 38,
its source connected to the negative voltage supply, and its drain

connect ed t 0 ThB&eference voltage generator 12 also includes a second FET 26, in this example a

p-type MOSFET, connected between the first MOSFETs and the positive supply
voltage, the second MOSFET having its gate terminal connected to the negative voltage

25 supply so as to cause the second MOSFET to essentially operate as a resistor., A
connection between MOSFET 24 and MOSFET 26 constitutes a reference voltage node
28. A connection between MOSFET 18 and MOSFET 20 constitutes a reference portion
node 32.

30 Since the reference voltage node 28 is connected to a regulator output node 30, the

reference voltage at the reference voltage node 28 also constitutes an output voltage.



source of.the sixth MOSFET 42. The sixth MOSFET 42 has its gate connected
to the negative voltage supply and its drain connected to the positive

vol tage supply so as to cause the sixth MOSFET 42 to essentially operate as
a resistor. A connection between the drain of the fifth MOSFET 40 and the
source of the sixth MOSFET 42 constitutes,a 2 5 second inverting anplifier
out put node 44. The output transistor neans 16 includes a field effect

transi stor, in this ex I -type seventh MOSEET 46 ving its ga
connect ed toht Wélp%c'gﬁfag?%o?eﬁ}ah‘bygrf?ﬁ?ﬁcﬁePp i bﬁ?reﬂ??dgg%ﬁe pgalat?ggflh?he
connect ed t ordfiRn@PEdItaly BodkO18 id GetefiitiRl By ttinktfer 90 MOSFETYAGEE ScK shddhyPO
the reference vol tage node 28 and the regul ator output node 30. The voltage
regul at or 10thspepest &dionf thoMQMETs in thestaohen a vol tage is applied across
the voltage regulator 10, a current flows through the first and second
MOSFETs 18, 20, 22, 24, 26 and a reference voltage governed by the nunber
of MOSFETS i Tht l@nsiitec kmphifierayiedriiel 4aippladés 4 fikdt araasistoh invieEbigEaplifiertfbengl ack
5 appears at _the reference voltage node 28. Since the reference voltage

node 28 i s cBhriwe field affect wansistersl 1athis exampiganiotyre Hord MQSEES 34 anbepvima age

B sz i IREEA! B R4L M PG SR T R g

as diodes, ibffddl ediRispas inl Whs SHPAPY MDhttgee ffIhc MOSEST 40hend &f pitRiecsixth
voltage at the reference voltage node 28 and thereby at the regulator

out put node MPSFET 42end to increase slightly. This, in turn, causes a
slight ipgrease in the reference voltage portion at the reference portion
node 32." 15 The reference voltage portion appearing at the reference

porti on nodeTA8 thisd MPSFETel bys ithegafel cainectad @o tthergefargpbe portionsnmies 3daits t he
increase in the referen(ge \ﬁolta e portion results in a decrease in voltage
at the first SPHERFMIRECAHHILEMP “’SIYPB%&e wealy, &yl itsidrainconpsgied trthe pRITes plst

inverting a i £ 0 i i 4 i W2
anpl 1 11 o udls 'Phih MOSPET 2808%e i EVINTEY 36 Rasl RitPeaEReRd b ISiGphie
anpl i fier ouveltdgersapply2n@ if3&irsiesohhetadntoahe positieasdtaga stipydy volas &geavat thehe

second inverting anplifier output node 44. It wll also be nderstoo&r t hat
al t hought heft FEL 3o sserqtirlly gperaigs aresitiofe Agopasslien bEese taeainy 1 h
I ncreasi ng SUPFHthhifQ'Még?ETtilﬁaﬁ’cPihte%ﬁrc%to th fftﬁ—ﬁxoﬂﬁ)SF‘E’PEB'cBQstﬁ § iy

out put node 44 also tends to increase, and wll 1 ncrease by an order o
magni t ude whimertthgmmpifigr eatperndded8. t he order of magni tude by which the

ref erence voltage increases. As a consequence, the nmagnitude of the voltage
across the gate-source junction of the seventh MOSFET 46 will reduce with

i ncreasi ng syRPiRH\WIDKREE. 40804 ifs RateQehRdtiediBl th@ Bt ﬁ{vehh% dresiiR bRfpuPHRUT
node 30 will decrease. 3 0 Simlarly, when the supply voltage decreases,

t he vol t2@es3&tits smirceedamectcd tos thet nagetiveovatage supply, and its drain connected to the

source of the sixth MOSFET 42. The sixth MOSFET 42 has its gate connected to the

negative voltage supply and its drain connected to the positive voltage supply so as to
cause the sixth MOSFET 42 to essentially operate as a resistor. A connection between
the drain of the fifth MOSFET 40 and the source of the sixth MOSFET 42 constitutes a

25  second inverting amplifier output node 44.

The output transistor means 16 includes a field effect transistor, in this example a p-type
seventh MOSFET 46 having its gate connected to the second inverting amplifier output
node 44, its drain connected to the positive voltage supply and its source connected to

30 the reference voltage node 28 and the regulator output node 30.

The voltage regulator 10 operates as follows.



28, at the regul ator output node 30 and at the reference portion node 32
will tend to decrease slightly. As a result, the voltage at the first
inverting anplifier output node 38 - 6 wll increase and the voltage at
t he second inverting anplifier output node 44 will decrease. This causes

t he magni tude of the voltage across the_g%tg-source junction of the seventh
MOSFET 46 to increase and the output voltage at the regul ator output node
30 to increase. 5 Wien the supply voltage drops significantly such that the
supply voltage is less than the desired reference voltage, the voltage at

the referenceypeyd Rf@l’ihg@qg‘ﬁpﬁ?edt&%% th® vl ‘%@éﬁat%f 90 § berad: |ﬂ6wsﬁhfo%gﬁ@l&§es
the voltage at the second Inverting anplifier output node 44 to al so

decr ease si gfirstiandse¢ondadv@SFEd's 18ga0,t22184026 aba vefbteacre veltageo goveied by the
gat e-source 10 'un‘gﬁm% sevent FET 46 t.0 i.ncr ignificantly.
As a resul t, THHEES B SR d BB et e L0 SOSFEIRCh SR ¢ e
suppl y voitaggpaapPafie alfereh® VSBeaicde T8It MihceNBdered@lendet vittdge Mfle 28 is
understood that since the reference voltage and thereby the output voltage

i s 15 gover neennggtedrie tharbgulator oMDEFETde BY, thearefrensk volldgd wlseappearp at tthe

rati o of the FETs .in the,stagck, th sired regul ated vol tage can be

obt ai ned rel 5?5%&?&/0‘1&%‘&@?6 %@a%tg\'e&ghuﬁﬁglg e'appropri ate nunber of MOSFETs in
the stack or by selecting MOSFETs of an appropriate aspect ratio. 2 o

Modi fications and variations as woul d be apparent to a skilled addressee

are deemed t d\ltheugh theifiist MOSEEdRd 8020,12Re24 presrontigingd eaas tmoperatciapdiodes, if A

vol t age gul,at or.faor producing a re ated voltage at,a requl at out put ,
Uhe vorthge RS uRe viipdtndeh b tef ol \riREe funf el Dt taef i
to provide azgeherkéaely Yotk agglabr sutpefl RIRMEWHLIdd o ihdiasealightdy)C Fhi¢pld age
generator including a plurality of first field effect transistors connected

in series, ei#n eauset aflightdnemepsecin the zeferened volrgenpriiom 8k thesisiegence postiay at e
as a di ode, B e reference out put being connected to the regul ator

out put ; transi St or anplifier nmeans arranged to anplify a portion of the
reference voltage; 1 o and output transistor neans connected to said
anplified reference voltage portion and tqo the regul ator output such that
the out pt¥ t Thaselstcnse YRltage PationaaResingab thegglerance gossignmegde 2daesmplified by

anplifier re . ' i

Fransi st or mie Gkt BRBHRE slof fk BEciehed A ERIGen B A p b At
ref erence volin adecrkasepanoitage itethe $irstdnvtedneamplifich. odpmalddads. rEgaitage angs
claimed in claim1, wherein the reference voltage generator further

i ncl udes a s&ohigsts mypdings araplifier, ouiRwtspefte 38 rigndaplificd Syethgt wcanthdpgring) | v

as a resist Oramp?iﬁer such that a decrease in the voltage at the first inverting amplifier output node

20 38 results in an increase in the voltage at the second inverting amplifier output node 44.

It will also be understood that although the voltage at the regulator output node 30 tends
to increase with increasing supply voltage, the voltage at the second inverting amplifier
output node 44 also tends to increase, and will increase by an order of magnitude which
25  is greater than the order of magnitude by which the reference voltage increases. As a
consequence, the magnitude of the voltage across the gate-source junction of the
seventh MOSFET 46 will reduce with increasing supply voltage, and the output voltage

at the regulator output node 30 will decrease.

30 Similarly, when the supply voltage decreases, the voltages at the reference voltage node
28, at the regulator output node 30 and at the reference portion node 32 will tend to

decrease slightly. As a result, the voltage at the first inverting amplifier output node 38



3. Avoltage regulator as claimed in claim2, wherein the second field
effect transistor is a MOSFET. 4. A voltage regulator as clained in any one
of clainmse 1 to 3, wherein the transistor 2 5 anplifier means includes a
first transistor inverting anplifier nmeans and a second transistor
inverting anplifier nmeans. 5. A voltage regulator as clainmed in claim4,
wherein the first inverting anplifier nmeans includes a third field effect

transi stor arr.anged to operate. as amplifi.er and a 3..0 fourth field .

of foct tr aneiel oPCPHaHUR e to15ae L daE SHrae dft e ynplisiar ot dgpe % wil
vol tage r 39U|d€ér@£se?31_“lﬁé @hﬁ@@'tﬂe_”rn ude Hf e %lﬁa'ge?agnosé"/ﬂﬁr @dtélséd?@e ﬁﬁ%@@&gof _
g _inverting anplifier nmeans includes a fifth field effect transistor

arranged to opxseacth MOSRERMO!to finaseasannd thesiuiput voltagechtdlid regtlatar autriug node

arranged to (}Qc?rate substantially as a resistor. 7. A voltage regul ator as
clained in cPdi'M 8" ®i%n dependent on claim5, wherein 5 each of the third,
fourth, fgfth and sixth field effect transistors is a MOSFET. 8. A voltage

regul ator as clained in any one of the preceding clains, wherein the output
transi st or ne¥hen thasipnle solresalyenst sigrfifiedntly shdhethat the supnly voltageds trss thaofthesai d

th t i st i t ed t ive.said i i ed
o orence. worealrd RSSO B i At B SR Pud T T bl st ng
connect ed t o sidAgfidafiflyll ThidrcaQstsPhd vol%fgfe/at }'hyt deB6R1 fn?gllﬂﬂngta@dplﬂﬁr 6{1$iuﬁﬁddei n
ec ransi st or .

claim8, wherein the seventh field e t I's a MOSFET. 15 10. A
vol t age regult@aglse dgsregseasigpificamlyaand baanasnitndeoptheceiage aetoss the, salgreeuwsen

each di sep et g, GATRAIBAL Lk QKT ARG N RAUL A OhifSuoy MAFETe 1o Acdiglt 20

regul ator~s Yy as ef ore ‘descri erence , and as

shown in, theJOSERIPENK dUsell M \bpegste as a switch and the supply voltage appears at the
CALLAL[.AL[ ?. A&n. A9[ . AL[ . ALn, ALn3/ HKp17= ]

}xsni d_ZU] cafesmate) ewpwtaedepeal ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] c”a] cal cal ¢
aJcalca]c:a]ctalcalcalc”haljcralcalUc:alca! 3H |
It will be understood that since the reference voltage and thereby the output voltage is
15 governed by the number of MOSFETs in the stack and by the aspect ratio of the
MOSFETs in the stack, the desired regulated voltage can be obtained relatively easily by
selecting an appropriate number of MOSFETs in the stack or by selecting MOSFETs of

an appropriate aspect ratio.

20  Modifications and variations as would be apparent to a skilled addressee are deemed to

be within the scope of the present invention.
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)-@10% & ()-f@ON & ()-&10% & ()- 110% & ()-10% & () - Y(I 109R& () -/ HKgH) Y"
10 & ()- M10% & ()- 310% & ()- 1100 & ()- #10% & ()-9'y10% & () -
10% & () - pdEYY" 1@v¥etqge-regulpiar for-prodwaing ¢ yegulatadyplsage)at (a regugtog optput, the
10% & () -9409
10% & ()" 7#1&’4&%‘“‘25"3&@@%%"&”@3’% F4s10% & ()-2mL0% & ()-1:110% & ()-Lf/#10% &
' ()-4567=5bCY" 10% fferdRéRvoitagd: bkpaor( Arriebd %8 ﬁﬂcvfdboﬁ/&efe}encéo&olﬁh $ at a
10\ &M 10% & () - ] 3dELCY" 10% & ! 109& (2 F#109%& (} 1 109& g) 3

109&' () -: ! 109gkerence gqtgmﬂ(e)rchrqnce yelape generafor including a plurality of first field effect

10% & F( 100/ @i‘%ﬁ%@?ﬁ(‘&im é@e/s&eggh E%Mﬁ]epcf/ eg‘ffégt transistor being biased so as to

109& () - #10

71098 () - S51Qprate)as2Idi6, Gnd H:rELAHES butpls B’éhig’/o?onﬁ):ctéd.ﬂi’/ﬁ&e tdguidtorsuyput1 0% &

' 109& ()-t10%& ()-910%& ()- 10 10 103: M 109%& ()- 8:! 10%& ﬁ& Pl dELCY"

10% & M 109%& () - trangisipr emphﬁqmwﬁngfdma{ny M aporgion pf therefigency voltage;

(\ dEbCY" 300 ')YM 109%& () - L&LOY& () -

 109&' (} o0& ()-:110%& ()-10%& ()-\ QdEbCY"

10% & 3: 10%& ()- Zth;ﬁR/&aﬁélstsﬂMehﬁé’/@m@ecied#ﬂ;W émpl&ﬁéd 147818 ée volddgt Q96ktidn - Sb
@ 10% !t o100 N'& ()- | 1008& ()- 1008 & ()

10810% () - L @2d tfherseunin: SeBdAUC Mi@mtwtézapilsw&wm%mg?aﬁ& the regulated

' &3#10% " & ( )voltaéegsﬁﬁ&/ﬂlé\raﬁipﬁher reference voltage portion tends to increase, and the output
transistor means increases the regulated voltage when said amplified reference voltage

15 portion tends to decrease.

2. A voltage regulator as claimed in claim 1, wherein the reference voltage
generator further includes a second field effect transistor arranged to operate

substantially as a resistor.

20
3. A voltage regulator as claimed in claim 2, wherein the second field effect
transistor is a MOSFET.
4. A voltage regulator as claimed in any one of claims 1 to 3, wherein the transistor

25  amplifier means includes a first transistor inverting amplifier means and a second

transistor inverting amplifier means.
5. A voltage regulator as claimed in claim 4, wherein the first inverting amplifier
means includes a third field effect transistor arranged to operate as an amplifier and a

30 fourth field effect transistor arranged to operate substantially as a resistor.

6. A voltage regulator as claimed in claim 4 or claim 5, wherein the second
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9. A voltage regulator as claimed in claim 8, wherein the seventh field effect

transistor is a MOSFET.

15 10. A voltage regulator as claimed in any one of the preceding claims, wherein each

discrete component of the voltage regulator is a MOSFET.

11. A voltage regulator substantially as hereinbefore described with reference to, and

as shown in, the accompanying drawings.



