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of the Invention: The present invention relates to large scale .
‘integrated circuits and specifically, inplenmentations ofdzgggyyégggﬁ$rs )
or buffers in such circuits, which provide for conpensatin ects
of process, supply and tenperature variations. Background of the Inventi.on:
Qut pat—drivers, which are also called output buffers, of |arge scale bRD -
integrated Circlids (oChiNS")me ' 3 er noj .n the
changes with C t enperBUFBER; ocess, and vol tage, so does the
noi se. For a good design, the noise should be restricted to |evels set by
thedc! rou ! gles! gneFjdms eor uphe tMéﬁ@{aeiérlme Cﬁrﬁ%gefhe DRFeRELORT ghl ps:
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t enper at ur buffexEedn sush wikrguitppl yhicht pyeviAe Serapcompansatgfer A
typi cal prifor atheouefifiechs’ f ef | prokbess,i nshpplye ahd tehperdtdfer
conprises varia¥ighs. P type transistor (PMOS), and a |large N type

transi stor (NMOS). These large transistors are capable of driving a |large

Background of the Invention: output drivers,

which are also called output buffers, of large scale
integrated circuits ("chips") - when they switch -
generate noise in the chip's power supply lines. As the
performance of the output buffer changes with
temperature, process, and voltage, so does the noise.
For a good design, the noise should be restricted to
levels set by the circuit designer based upon the
characteristics of the particular chips used in the
design. This requires that the output buffer have a
steady performance. The present invention is directed
to a new output buffer design which is compensated to
give steady performance for changes in temperature,
process, and power supply voltage.

Prior Art Output Buffer

A typical prior art output buffer is shown in
Figure 1. The buffer comprises a large P type
transistor (PMOS), and a large N type transistor (NMOS).
These large transistors are capable of driving a large
external load. The transistors are broken down into
multiple small transistors in parallel. Figure 1 shows
them as broken down into groups of three each,
transistors 1la-llc (PMOS) and 13a-13c (NMOS). The
gates of the transistors, however, are connected- in
series using resistors Rp. These resistors are formed
by polysilicon interconnection layers. Usually such
resistance is - : '
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ext er.nal | oad. The transistors are broken down into nmultiple small
transistors in parallel. Figure 1 shows them as broken down into groups of
three each, transistors '1lla-11c (PMOS) and 13a-13c (NMOS). The gates
of the transistors, however, are connected- in series using resistors Rp.
These resistors are fornmed by polysilicon interconnection |ayers. Usual |y
such ragji’stance is -1- not desirable in chip circuitry, and chip
designers tend to use designs which avoid this resistance. However, in the

case of OpdPWeddthi et Sin hep G HERBGE drfd L38F AdsiYReSMUNLYE: uddie t WO

driver transistors are each connected to an inverter 15 and 17, called pre-
5 dri ver sdesiyrnsnivhichlavaiguthils rgshetasesl bRowbeehip chd vcaset b€ dutput
drivers, the pre-drivers drive the drivers, and the drivers drive the

ext ernal bukkensy phacrenishareyrisl vendiat arppdeapaes- ngThe Fver dpiNerio. - The
pre-driver 17 ,of the Pt drive as large P transistor. 10 d a smll N
Fransi of FEANPAREo S ane ShED, SOinseke Enaragrenned 18 En T sohElea Beda 1
and | & geg M JdrANShat Hiterndbeihguie 1BNPetletitdBoby ke BESS drilegitnd dr@-2
logic 1 transition, the output of the driver makes a simlar transition.
However, diiovedral,| ohe rgrecdaivers deieatshé alrdvpkaC andnthetdrderrs Advdvee t he

‘input to the pre-drivers 15 17 and 15 is a logic 1, so their P transistors
are turnthoiextesnn? t}rad bR RI25189 52 of 1nfle OF Ui #OSFESPARGLRG 1R Sist or  of

the N pre!;ad 19.

The pre~driver 17 of the P type driver has large P transistor,
10 and a small N transistor in it. Similarly, the N transistor pre-
driver 15 has a small P and large N transistor. When the input
signal 18 makes a logic 0 to a logic 1 transition, the output of the
driver makes a éimilar transition. waever, the following chain of
events take place in between. Assume the input to the pre-drivers
15 17 and 15 is a logic 1, so gheir P transistors are turned off, and
their N transistors are turned on. The N tranﬁistor of the N pre-
driver is larger than the N transistor of the P pre~driver, so0 the N
driver's gate is dischgrged:to 0 volts faster than the P
transistor's gate. This ensures that the N driver is turned off
,_+ <0 faster. Now, since the P driver's_gate.is also being dischatged
| (although more slowly), it starts conducting, and pulls the output
node 19 to the power supply voltage 21, or logic 1. The resistors
Rp delay swiﬁéhing of individual transistors of the driver, due to
_RC delay; where R is the resistance of the polysilicon interconnect,
25 and C is the gate capacitance. Thus, the individual transistors

-NW lla-1l1c and 13a-;3c-ate gtéduaily turned on/off. This reduces
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driver is larger than the N transistor of the P pre-driver, so the N
driver's gate is discharged to O volts faster than the P transistor's gate.

This ensures that the N driver is turned off 20 faster. Now, since the P -

driver's gate is also being discharged (although nore slowy), it starts
conducting, and pulls the output node 19 to the power supply voltage 21, or-
logic 1. The resistors Rp delay switching of individual transistors of the
driver, due to RC delay; where Ris the resistance of the polysilicon

i nterconnect, 25 and Cis the gate capacitance. Thus, the individual a
transistors l1lla-1l1c and 13a-13c are gradually turned on/off. This reduces
-2- current spikes in the power supply, and subsequently reduces noi se.
Si mi | arl yeufoenta spdes in ttheOpdbwen Sivpply, drdesdbsiiquently Scetlvbey enoiaed
simlar events take place. Performance of the Prior Art Driver 5

Prior artSHutlaglysufPers 1agder kRl & Srpesitdoguathe Mofrivan igcackive,

Hovever, o34l algh -PELS AT Re O
.art outpu? %mﬁ r'sS"i S severely |lﬁ%ﬁng. For exanple, with new VLS
processes capabl e of high performance, it is necessary to reduce the
resi stances bepewformhhee tofitheSPoicr Mirttbeive@ output drivers. However,
reduci ng such resistances results in higher noise. For a typical 50 pf
driver, the results are tabulated in Table |I. Tenperature supply Lo to

Ho delty H t PTPTIBFLPUAUEGPUTERTYATO0fPubto be adequate for most

Power Cy@%gﬁhns. However, as higher performing chips are developed, the
performance of prior art output buffers is severely limiting. For

example, with new VLSI processes capable of high performance, it is

A4
necessary to reduce the resistances between the transistors of the
10 output drivers. However, reducing such resistances results in
higher noise. For a typical 50 pf driver, the results are tabulated
in Table I.
JABLE X
Temperature Supply JLo to Hi delay [Hi to Lo delay ]di/dt di/de
Voltage Powver Ground
degrees C volts |nano-seconds |nano-seconds __|ma/ns |ma/ns
0 5.0 3.8 3.9 38 42
120 4.0 6.2 6.1 10 11
15 _
where di/dt is the rate of change of current in milli- -
. S

amps/nano-sec.

The results in Table I take into consideration changes in.
- temperature, and supply voltage, but do not reflect changes in
20 process. However, even without considering process variation, the -

delay changes from about 6 nano-seconds to about 4 nano-seconds when

the temperature changes from 120° tb 0° Celsius. If the driver is

s are devel oped, the performance of prior -
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‘degrees c volts nano- seconds nano-seconds ma/ns mns O 150
3.7 3.9 - 38 42 120 - 4.0 6.2 6.1
10 " 11 15 where di/dt is the rate of change of current in mlli-

anps/ nano-sec. The results in Table | take into consideration changes in
tenperature, and supply voltage, but do not reflect changes in 20 process.
However, even without considering process variation, the delay changes from
abou?>"6 ‘nano- seconds to about 4 nano-seconds when the tenperature chang€s
from120 to O Celsius. If the driver is -3- designed for the worst case
of 1200 @estihsadtfrxr tdei garsoudasehatecl2el, adwapithb| designc wodld tarve speed
up at |ow tenperatures and thus have inproved performnce. However, the

noi se onDeRB PEGRRtaR}SHFINFe FIIVEFS SRYRS BRSRE 4O HEMRRTARYTES AR Fhys
S ifically, i n . Tabl h t
peci 11 Coll 128 MW BeRrobfbn ! Caduevexl®ehd!ifoille sn?eggf tggefs Wl

(di/dt) SO i ncreas as the drivers speed up. This cau

vol tage d5aRsaSI&S GridieapeVes thiePRkivdidNEpubd asp.an8ppeiti cdlity) s Bhown
i nduct ance of the bond- wires and pins. This vol te}ge drop appears as noi se
‘on thé siignTabledis s thieveateof tbange (off chrygnty ddi/dy) t4dso; dnereaseguasance

in the path. Typicall re than one, put driver (s conpnected to the
power 'su@FydEbW%ﬁ%§ggﬁﬂ pires f‘ﬁ’(/s]d%t)t faveet saevﬁltl)ﬁgaegg;f’g ?ﬁﬁ%’pwﬁd by
“the nunb%kmgg supply bond-wires and pins due to the inductance of the bond-
wires and pins. This voltage drop appears as noise on the signal

and is given by:

10 Vaoiseh S¢
where L is the total inductance in the path. Typically more
than one output driQe: is connected to the power supply bond-wires
and pins. Thus, the noise voltage is multiplied by the number of
drivers connected, For e#aﬁple, ten drivers would give 10%3*10 =
15 300 millivolts of noise at 120° C. tIndﬁctance is about 3 nano-
henries). The same design would give 1200 millivolts of noise at 0°
C. 1Inasmuch as the TTL output level for logic low is 800
millivolts, a chip which works at 120° C would fail to work with TTL
logic at 0° C. Such a drastic change in noise is not acceptable for

20 high performance chips.

For example, the design of high_speed output buffers for dse in
high performance microprocessors fu?); mictoéontrollerS'(uC), and
peripheral gpntrollers operating at clock rates above 30 MHz
'presents some challenging requirements. Key issues which must be

25 considered in the design of such high speed buffers include control
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drivers connected. For exanple, ten drivers would give 10*3*10 - 15 300
mllivolts of noise at 120 C. (Inductance is about 3 nano- henries). The
sanme design would give 1200 mllivolts of noise at 0 C Inasnmuch as the TTL
output level for logic lowis 800 millivolts, a chip which works at 120 C
would fail to work with TTL logic at 0 C. Such a drastic change in noise
18 not acceptable for 20 high performance chi ps. For exanple, the design
of high speed output buffers for use in high performance m croprocessors
(uP), mcrocontrollers (uC), and peripheral controllers operating at clo
rates above 30 MHz presents sone chall enging requirenments. Key issues which

must be 25 considered in the design of swg high speed buffers.include
control -®f risgffpilching and; RECEAIRLAPBIARY SN ERFGVer> Fodess,

supply, teperatiute. i h1Qad ¥aritiofdStd SRMBLSOEM e hembuEThAL cihi ch

decreases as.‘trequency of operation increases. A side effect of high
frequency ddilealsie8nNas St Sevndeaby NGE upiexat bon Sridreapeser and ground | ines on
the chip which could cause mal functioning as well as create sone new

critical eed paths to _hanper_ nornal operation. Ln nultilavered packages,
the | ead i nducta®ie BAEERY OZ BAYD AEeGUEPCHAREFFIGH o FubTRNe £aRSe of

generate quer 1.5 v S o] t P 4] Rdclddes at
frequeﬁr’ci gt\s"e p%ﬁ'ggbgl\‘/% %Jul\’hglzﬁ%)ét)&?t h!Eﬁf ers w%r gs%ﬁﬂa gi gni fi cant

cont ri but i ge) fuckRoRingi &€ vk 49 drelafegsomaimasr coft itadvspeed patks tuif f ers

swi tching simultaneously. For exanple, an Intel 80C486 pP can haveup to 64
hamper normal operation. n multilayered packages, the lead
inductances on different pins, ranging from 1 to 40nh, can generate
over 1.5 volts of noise on the power and ground lines at frequencies

10 above 30 MHz. Output buffers provide a significant contribution to

this noise due to a large number of heavily loaded buffers switching
simultaneocusly. For example, an Intel 80C486 WP can haveup to 64
output buffers switching simultaneously on a clock edge. Thus, the

design of output buffers becomes critical and must be optimized to

15 reduce switching noise.

A paper describing an on-chip process dependent control voltage
souxce which regulates the charge/discharge rate of a series
transistor in an output buffer is Gabara, Thompson "Ground Bounce
Control In CMOS Integrated Circuits,”™ ISSCC, Februvary 17, 1988, -

20 digest pages 88-89. 1In particular, Figure 1(b) illustrates a

voltage controlled tri-stateable output buffer.

A novel design is disclosed for high performance CMOS output
buffers. The design utilizes a process, supply and temperature -

25 compensatéd current source to achieve very tight distribution of _
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‘out put buffers sw tching sinultaneously on a clock edge. Thus, the design
of "out put buffers becones .critical and nust be optimzed to 15 reduce~

swi t ching noi se. A paper describing an on-chip process dependent control
vol t age source which regul ates the charge/di scharge rate of a series
transistor in an output buffer is Gabara, Thonpson "G ound Bounce Control
In CMOS Integrated Circuits,” |SSCC, February 17, 1988, 20° di gest pages
88-89 In particular, Figure. 1(b) illustrates a voltage controlled
tri-stateable output buffer. A novel design is disclosed for high
performance CMOS output buffers. The design utilizes a process, supply and
tenperature - 25 conpensated current source to achieve very tight

di stribution of -5- rise/fall times and propagati on del ays. The out put
buf f er j i i Tt SHALGRI N [ i r

control Ted }gr%ggr ?%ér{&%p%ﬁ?#uﬁpigﬁf elraggécg?g%?r?gef)gyt e f|§$rqei§;g‘%ltbp‘n‘lmﬁiventi on
- can_Sswiépdintized t6 HFimiR0spitdicad hoidellbyl ashig chiricént i Gentirod®édof no nore
than 4.0 ns and propagation delays ranging from2.1 ns"To 11.6 ns over the
- entire PRRARiIVEXSprocess, supply, tenperature, and load for a typical one

" mcron CMOS process; Vcc from4.5 to 5.5V, tenperature from-10 to 120 'C,
and | oads frgiehPphf phide achxhﬁ%ﬁ £ONNR! Brifdt 1RvenPich Rad Mpidia 2
package environment ere four such buffers swtch simultaneously on one
set ©f HOWY apade.pf load to TTL levels with rise times of no more than

4.6 ns and propagation delays ranging from 2.1 ns to 11.6 ns over
',the entire rahge of process, supply, temperature, and load for a
.typical one micron CMOS process; Vcc from 4.5 to 5.5V, temperature
from ~10 to 120 °C, and loads from 10 to 100 pf. These numbers were
10 .obtained using a package environment.where four such buffers switch -

simultaneously on one set of power pads.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic representation of
a prior art output buffer. Figure 2 is a bl ock diagram show ng the vari ous
functional 5 conmponents of the invented output buffer. Figure 3 is a
schemati c di agram of one enbodi ment of the invented output buffer. Figure
3a is atimng chart showi ng the timng waveforns of various internal nodes
of the invented output buffer. 10 Figure 4 is a schematic
representation of a typical package and board environment for the. invenied
out put buffer. Figure 5 is a schematic diagram of an enbodi nent of bias -
gener at Olgr38r BESEREPTAONSOR B ORRiiNGsdi agram of an alternate use of bias
15 generator 39. A sinplified bl ock diagram of the invented output
buffer is shomigureR gis 2. s¢hematder repredenvatiomes apPrirrl @G tpovtmtf our
stage design is utilized, nanely input stage 31, non-overlap stage 33, 5
predri veP“gtfage 35 and out put stage 37. To m nimze propagati on del ays,

each stage drigYg5,00, MY § AIUk (QWErdd WMawihg €HWPOVR- PGS GARRELAANCE. | N
order to reduce switching noise transients, each stage is designhed so that

t heresi s conpohents cotabhe invented aitpoft Pusifek N devi ces during their input
.transition periods. The various -

Figure 3 is a schematic diagram of one embodiment of the
invented output buffer.

Figure 3a is a timing chart showing the timing waveforms of

various internal nodes of the invented output buffer.

10 Figure 4 is a schematic representation of a typical package and -
board environment for the. invented output buffer.
Figure 5 ig a schematic diagram of an embodiment of bias
generator 39,
Figure 6 is a schematic diagram of an alternate use of bias
15 generator 39.
a4



*10 inputs and outputs to the four stages.w/)| be described bel ow with

-reference to the descripti.on of "Figure 3. Bias generator 39 will be

"~ described below with reference to Figure 5. Referring to Fig. 3, DINis the
i nput-signal to input stage 31 fornmed by transistors MP and MN which forma
sinple inverter. DIN 15 is the internal signal which corresponds to the
signal- QUT which is to be placed on output pad 19 for the correspondi ng
buf f 8.  Non- overlap stage 33 formed by transistors M thru Ms; provides
signal s at _nodes Pl | ¢h_behav shown in Figure 3a (with EN - HI
~and /EN - S ntrol signals for the 20 buffer.
EN and /EN are generated by control |ogic not associated with the output

buffer . \Whenat Bem@ified bSodi diakead &k lthelihvertal betput BAEER: Lharges to
Vcc first and then node NI follows. Wen the output goes from1l to 0, node

N1 di schabgesn to Bip Ri.r sin @rflerhte dride Rbads|vrowe. 1007 rfs, af Spuprsddgever
stage 35 (transjstors .25, M/-ML4) ,whose .p-ga is tied to node Pl and
n-gate i 5788 3 ‘H"o‘éézﬁlfl' ’Tﬂtl\éab') éﬂﬁmﬁ s&@\?gc‘é‘@ ﬁ’@\%?‘_’?ﬁfﬁ? G%F’gf n’-{]ﬁ't aneous|y
during an,JdRiler stiigeN35 dddVoukple! ddaye 370NUSpo Rt £€ prophg@ionPat h is

- al l oned between Vcc and Vss. This non-overlap is controll'ed by sizing

. transi st el a8, aeschVistage hdriaescod nord ithagatenc &imes t drac dnphit tdmeepr edri ver

- stage. The EN and /EN signals cause Pl tgo go to Vcc and 5 Nl to Vss, thus
turni ng GRPachtapcerat dnaPEHeE §2t Eedycq R¥itFhing noise trarsigntsqBacht he

output to be tgi-stat gd( thatCen is Hb) simbi% aRESHS (s Bi’é ut
transi st G534 %5’19% egglh parkoaué’gé\lascurrelnt CONETO Ie% st géau %(L)%r%ed by
transi st py W gedfeesdVRuzihly MHeir input transition periods. The various
~ 10 inputs and outputs to the four stages will be described below with
reference to the description of Figure 3. Bias generator 39 will be

described below with reference to Figure 5.

Referring to Fig. 3, DIN is the input -signal to input stage 31
formed by transistors MP and MN which form a simple inverter. DIN
15 is the internal signal which corresponds to the signal OUT which is
to be placed on output pad 19 for the corresponding buffer. Non-
overlap stage 33 formed by trahsistors Ml thru M6, provides signals
at nodes Pl and N1 which behave as shown in Figqure 3a (with EN = HI
and /EN = LO). EN and /EN are tri-state control signals for the
N 20 buffer. EN an& JEN are generated by control logic not associated
with the output buffer . When the oﬁtput is tomake a 0 to 1
transition, node Pl charges tb_Vce first and tﬁen node N1 follows.
When the output goes from 1 to 0, node N1 discharges to Vss first
and then node Pl follows. Thus, for predriver stage 35 (transistors
25 M7-M14) whose p-gate is tied to node Pl and n-gate is tied to node

N1, the p and n devices never turn ON simultaneously during an input



for transistor ML5 and transistors M1, ML2, ML3 and M4 for 10 transistor
ML6 The predrivers performan inverting function with their currents
controlled by the two bias voltages produced by bias generator 39, NREF for
the n predriver and PREF for the p predriver. Wen node Pl is taken LOW
transistor M/ is used to to charge node P2 to Vcc which causés transistor
ML5 to be turned off quickly. 15 However, transistor ML5 turns ON slowy
due to the constant current established in transistor Md by its gate to

source voltage NREF. Transistor MO is pysed to turn O:E %raﬁgﬁi stor M5 ~
during tﬂ'g%?]atne‘“( FERPEIHIGN andPPYY N@eﬂg?‘i}ec?&ﬁ%“tt Fat8crH A 18FE%e only
tri-stat dgi e P fyl Skl ar

- di scussi (g)%t%%% g{g%l ?*e‘és(e?%r %P%gt&ﬁ@?regﬁiﬁﬁgr gﬁ/lﬁ%ﬂgﬁga?‘%%ﬁ?g%i ver fornmed
by transtgésssstddrs MB2and/MA atithHebpeBy € ahengate idapatitante vaveior ns for

. the different nodes in Figure 3a, it is noted that transistors M5 and 316
never tuPpedriver stagneo ey Eupnd o ENhaignadss cendm Blegpoge Ry Vesand| | i ng

NREF 25 and. PREF e_out put c i,ng_and di scharging rates can be

cont 611 B tacsen e S Log" OFF et o0k PE R MR NG B R
di /dt of 4f 4504 lenablMEnd bt hb) o DeCERSR Rbal (6 1AL HES wiNe buffer
design is scCaleable for different switching paraneters such as rise/fall

delay tines as well as different |oad requirenents. 5 To reduce
swi t chi ng noi Tke rredgivers Hfpr qutpetesranaistars MAS andMif \eachhpredyge\er

O SePar Bl e Ve e NPT BB CBurdea®y CATIEE ST AN ohRG N Vo
for transistor M15 and transistoxs M1l1l, M12, M13 and M14 for

10 transistor M1l6 The predrivers perform an inverting function with
their currents controlled by the two bias voltages produced by bias
generator 39, NREF for the n predriver and PREF for the p predriver.
When node Pl is taken LOW, transistqr M7 is used to to charge node
P2 to Vcc which causes transistor M15 to be turned off quickly.

15 Bowever, transistor M15 turns ON slowly due to the constant current
established in transistor M9 by its gate to source voltage NREF.
Transistor M10 is used to turn OFF transistor M15 during tri-state
(/EN = LO) and is needed because the second stage only tri-states
the predrivers, which leaves node P2 floating. A similar discussion

20 applies for output n-transistor M16 and its predriver formed by
transistors Mil, M12, M13 and M14. . e

By examining the timing waveforms for the different nodes in
Figure 3a, it 15 noted that ttansistor; M15 and M16 never turn ON
simultaneously during the transition region. By controlling NREF

25 and PREF, the output charging and discharging rates can be

controlled_ihdependently (i.e, the rise and fall times as well as

—9- =



* . -

stage 33 and parts of predriver stage 35: Al so, since transistors M/ and
ML3 generate substantial sw tching noise and they switch in a 1@ direction
opposite to that of output stage devices M5 and ML6, overall sw tching
current in PadVcc/PadVss can be reduced by tying devices MLO, M7 and ML5 to
PadVcc and devices ML3, M4 and ML6 to PadVss. Transistor ML7 hel ps reduce
svmtc-hw-ng noi se transients on the PREF bias |line by acti ng as a | ow pass
filter. Resistor R plays 15 an inportant role in controlling sw tching

noi se as well as output voltage overshoot and undershoot around its steady
state val ues_of Vcc and Vss ovvs a typic ackage .and board

envi r&ﬁﬁeﬂfi 0% ﬁ(’fﬁ”%ﬁf%ﬁfpﬂ& b?ﬁdf 5 W t ﬁegPé%edp aﬁgef)?)vxg"ratl &5
'ndUCtt$_?‘CS§fpr%e'sQ¥§r§se@ QYL Rbie %frf&{ffe%ehmﬁmme bdrdmer@-Pf and 100

f 20 rrve capacity 3e3| gn using device scaling in‘a typical CMOS
processcthe Yised\fal L delayC bines taxr w81l a3 dafférentodbadl | ed over process,
supply and tenperature (PST) variations by the bias currents NREF and PREF -
in pregapizementdge 35. |f the bias current 25-iTrthe predriver is :
i ncreased as the process noves toward sl ow - 10- corner or tenperature

o §r33565 Q'Sai-’éc&d& Quig.fnm@em e, bRtShOWtdgUNdevitess UtPS yan\éﬁhié‘ge

reases I'S pPOSSI t'o ac eve etter "control of swtchi ng paraneters

tr (“:SEeleEﬁheztrf pbhéd |£romneepariitd vesl andr veagaippatiese! Dye.f,r paavaeput to
output) of the output buffer. 5 The design'of a bias netvvork whi ch provi des
t hese apHaPadVax irathes than NecoragYsshids dopkt tager Bbedharsioyprlap

stage 33 and parts of predriver stage 35. Also, since transistors
e M? and M13 generate substantial switching noise and they switch in a
10 direction opposite to that of output stage devices M15 and M16,
overall switching current in PadVce/PadVss can be reduced by tying
devices M10, M7 and M15 to PadVcc and devices M13, M14 and Ml6 to
PadVss. Transistor M17 helps reduce switching noise transients on
the PREF bias line by acting as a low-pass filter. Resistor R plays
15 an important role in controlling switching noise as well as output
vbltage overshoot and undershoot around its steady state values of
Vee and Vss. Fig. 4 shows a typical package and board environment

. for such an output buffer with signal and power lead inductances.

— The invented output buffer is implemented in a 50 pf and 100 pf
20 TTL drive capacity design using device scaling in a typical.CMOS

process.

The AC switching characteristics can be controlled over
process, supply and temperature (PST) variations by the bias

cuxrents NREF and PREF in predriver stage 35. 1If the bias current

25 in the predriver is increased as the process moves toward slow



Bi as generator 39 which is shown in detail in Figure 5, provides two
signals, NREF and PREF, to control the bias currents in the n and p

predrivers

of predriver stage 35 of the output buffer. 10 By making fhe-

NREF and PREF voltages increase for slow process, or higher tenperature o

| ower Vcc, the desired effect of controlling the switching paranmeters of
the output buffer to within tighter limts is achieved. The operation of
the bias circuit, shown in Fig. 5 can be 15 explained by first anal yzing
the operation of transistors MEl to' MB5 and then current mrror
transistors MB7 to ML12. To illustrate this, for a transistor with a
resistor Rin series with its drain, the relationship between gate to
source Vol t agfnes,oxitempecaturenincteas®esd (daws img ousputy Aevioces age s19ds, i S
gi ven by: 20 V- 1*R+Vds, and | - O  for VvV

Vt i cut - 8eYnt e ROBUPPhE PILaet degRERSPY (sl §8 Rosaiblgjko achievgchetter
region - 0.5*bet *(V—V%é*%gi for \Vds _ 2> _V:_M :saturatld ,on, 25
where Mt an8°'b'éf€11 R SHALFTPY Bp ég’ﬁ%tfe(f svgg'ft &rgle”aﬁgm?di ?ffr 32%%’2?‘.‘\7@”3“
V is increaggd phrdffadaeibhCad1agNeksh Gnputl €6 &k@x&y& ithe Suisie buegLPn
until V-Vt. ring this tinme, Vds equals V. Then the transistor goes into
its satus at The degigm ofi ahblas meteosk which progdescthene thahactrerdsdidsizo
dropping, until finally the 1de\éi ce egltdeE:SIS its linearregion with curren
1 becom ng SPROSPERYLPUEFER escribed below.

Bias generator 39 which is shown in detail in Figure 5,
provides two signals, NREF and PREF, to control the bias currents in
the n and p predrivers of predriver stage 35 of the output buffer.

10 By making the NREF and PREF voltages increaée for slow process, or
higher temperature or lower Vce, the desired effect of controlling
the switching parameters of the output buffer to within tighter
limits is achieved,

The operation of the bias circuit, shown in Fig. 5, can be

15 explained by first analyzing the operation of transistors MBl to MBS
and then current mirror transistors MB7 to MBl12. To illustrate

) this, for a transistor with a resistor R in series with its drain,
the relationship between gate to source voltage, V, drain current,

I, and drain to source voltage, Vds, is given by:

20 V = I*R + Vds, and

I =0 for Vv < VvVt scut-off region

= beta* (V-Vt-Vds/2)Vds for V-Vt >Vds :linear region
= 0.5%beta* (V-Vt)*r*2 for vds > V= Vt ;saturation
region.

25 where Vt and beta are device threshold voltage and gain_

respectively.
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|ncrea5| ng-V due to decreasing Vds. Referring back to Fig 5, transistors
MB1-MB& with resistors R - ‘R3 forma reference current generation stage as
follows. "Transistor MBl and resistor Rl are coupled wth conpl enentary
p-channel 10 transistor MB2 and resistors R2A, R2B and R2C. The device
sizes are chosen such that under fast process corner, |ow tenperature (-10e
O, aag hi gh -supply voltage (5.5 V), both transistors MBl and MB2 are
biased in their linear regions. Now, as process, voltage and-tenperature
corners nove in the direction of current reduction for 15 transistors MBl
and MB2, these devices will nove out of their linear regions into
saturation, resulting in increases in their drain- source voltages, Vdsn
and Vdsp. By making Vdsn and Vdsp | ower than N and P- channel threshol ds at
the fastest process corner, |owest terrperature and hi ghest supply corner,
and slowy increasing them 20 above the Vt's of the n and p devices, the
node vol tages canshg ysqdcloasdiiibsve B ead &emsﬂs@okhﬁzfsel bOaGnSia0e

- formed by .transistors MB3 thru MBS Proper choi'ce of

transi stors dfitiofZndeditd, vatil VeVt st Gusiky thig tHhe, RS eRIBlmWi RPMén sheul d

result in increasi ng vol t age at,. node KO for slo rocess vol t age and
t enper at ur e AN SE ﬁ‘?ﬁfy‘?‘?ﬁj’ #Bwt-“ﬁtiz‘m r ":ﬂ“n"ﬁ%,}?rlegf'“ﬁ ihg in a0y VoS
transistor) ,sﬁﬂﬂecm Ea3A86h Mnal PaSaeepsing, Nuilly ssndiak ei,@wenieseé&exs
corner. Node in the resistor network of R and K2 is chosen at a point

wher e pr dcesttmidnearreghon mdthacerseot yI [Heconingeploest Eat withppl y vol tage

affeCtS ') increasing V due to decreasing Vds.

Referring back to Fig 5; transistors MBl1-MB6 with resistors R1l-
R3 form a reference current generation'stage as follows. Transistor
MB1 and resistor Rl are coup;ed with complementary p-channel

10 transistor MB2 and resistors'RZA, R2B énd R2C. The device sizes are
chosen such that undex fast process cé;ner, low temperature (-10°
C), and high supply voltage (5.5 V), both transist;rs MBl1 and MB2
are biased in their 1iﬁear regions. Now, as process, voltage and
temperature corners move in the direction of current reduction for

15 transistors MBl and MB2, these devices will move out of their linear
régions into saturation, resulting in increases in their drain-

L/ source voltages, Vdsn and Vdsp. By making Vdsn and Vdsp lower than
N and P- channel thresholds at the fastest process corner, lowest
temperature and highest supply corner, and slowly increasing them

20 above the Vt's of the n and.p devices, the node'voltages can be used

to change the current in the following'stage-formed by transistors

MB3 thru MBS,

-~ Proper choice of transistors MBl and MBZ, and resistors Rl and

R2 (R2A, R2B and RZC) should xesult in increasing voltage at node KO

25 for slower process, voiiage and temperature corners (implying lower

=}2=-



5-while node K3 is chosen so as to_turn on a P-channel
PST and slowy turn off as PST noves toward sl ow corner.
set up a current in transistor MB3 thru a resistor R3. This current, XD3,
of transistor MB3 is greatly increased by transistor MB4 which shunts R3

under slow PST. The 10 current ID3 is divided into two P-channe

transistors MBS and MB6. By tying the gate of transistor

devi ce under fast
Node K4 is used to

MB5 to node K3 and

t hus keeping transistor MB3 ON in fast PST and OFF in slow PST, current cap
be further increased in transistor MB6 as PST noves fromfast to slow

corner.

15 Transi stors MB7-MB9 and resistor R4 form an NREF bi as

vol tage output stage as follows. The drain current of transistor MB6 is

mirrored Idifd capead QrohBiolYad RSN Il ki SHOUF, i 8adss irddedka WS S

acr oss bot

current ofesdeddsveh asnlyBhndét oskov [provgis cmeres Rde Bénin rtdiel gpsbétor

Fesi stor

whi | e rendiREE2 B8 SRF%orhar

thus ngde K 13 Rode 1631Qal 8flosén \65 st 8! VPSR & Bthanhi) ded S hide VB4
node K6 as the gate to source voltage for transistor

(for

Thus, by using -13-
MB9, NREF faxx e &md [sdwwilyg Cimar afife asSEST stoviREEowardgsBow corner.

R4 and gate/drain connected transistor MBS. In order to create a

further irnetaesk of By and §2is fhasensat fifoist WherSeTPERFS RS 20Cr ansi st or

MB9 is used to shunt .all the CH LA AT r@s
- p |

7Rl LBl oFFL PR,

tt

revio resi s

| D8-1 D7 under fast PST corner),

10

15

20

25

Node K4 is used to set up a current in transistor MB3 thru a
resistor R3. This current, ID3, of transistor MB3 is greatly
increased by transistor MB4 which shunts R3 under slow PST. The
current ID3 is divided into two P-channel transistors MB5 and MB6.
By tying the gate of transistor MBS to node K3 and tbus keeping
t:ansistor'ﬁBS ON in fast PST and OFF in slow PST, current can be
further increased in transistor MB6 as PST moves from fast to slow

cornerx.

Transistors MB7-MBY9 and resistor R4 form an NREF bias voltage
output stage as follows. The drain current of transistor MB6 is
mirrored into transistor MB7 by keeping the same Vgs and similar
Vds's across both devices and by having the same channel length.
ID7, the drain current of transistor MB7, flows through a series
combination of resistor R4 and gate/drain connected transistor MBS.
In order to create a furtber increase in predriver currents under
slow PST corner, transistor MB9 is used to shunt all the current

from resistor R4 in fast PST corner while fenaining OFF in slow

.corner. - AS previously noted, resistor R3 and thus node K6 .are

shorted to Vss in slow PST corner by transistor MB4. Thus, by using

~-13-~

evices and by having the sane channel |ength. 1D7, the drain



"- (Vgs8 + ID7*R4) (for |D8-1D7 under slow PST corner). 5 where Vgs8 is
gate/ source voltage for transistor MB8. Thus, the drain current of .
transi stor MBIO and transistor MB12 is given by: IDIO,ID12 - I1D6 - 0.5*1D7
for fast PST corner, and - 1D6+ 0.5 blO*(ID7r*R4)2 1 *10 ' .
.-5 -bl*(I1D7*R4)1-5 for slow PST corner. where ID6, IDIO and I D12 are drain -
currgnts of transistors MB6, MBI O and MB12 respectively and blOis the beta
of transistor MBIO. This inplies that IDIO and I D12 stay the same as ID6 in
a fast PST corner while increasing in a quadratic manner for a slow PST 15
corner. By routing signals PREF and NREF to p-channel and n-channel devices
of the sane channel length as transistor MBl12 and transistor MB10, their

drain currents_can be mrrored into output buyffe redriy St 5. The
sour ce fol"°aﬁe?<%n ?\/\'ﬁ?ﬁ(g %Faﬁ%i?t“é?g K%ﬁ??fo%éné‘%ﬁi °F gbt?éegﬂ%) A5 t
Vds acr osgple’ 2881 S4Hig MRhGatCed\sRiidsany i npact ionization problens. In this
manner, transistors I\?Blo- MB14 form a PREF bias vol tage out put stage. '

-.',..Transistors MPl - MP4 are used for power down node to turn off all currents
“i'n the bias geMBEERt®rVgstor normal og&eat IRfrID7Thender fasynR§T cPBNerhi ch is

rovi ding a short ciriVe Bolvhiing5ee ROARY welse e vl AReretbrs wee
and Npg_agﬁeggeﬁgsa is gate/source voltage for transistor MBS.
Thus, the drain current of transistor MB10 and transistor MB12
) is given by:
M ID10 ,ID12 = ID6 = 0.5*ID7 for fast PST corner, and

= ID6+ 0.5 blO* (ID7*R4)2 +
10 V2 blo* (ID7*R4)1.5 for slow PST corner.

where ID6, ID10 and ID12 are drain currents of transistors MB6, MB10

and MB12 respectively and blo*is the beta of transistor MB10.

This implies that ID10 and ID12 stay the same as ID6é in a fast
PST corner while increasing in a quadratic manner for a slow PST

15 corner.

By routing signals PREF and NREF to p-channel and n-~channel
devices of the same channel length as transistor MBl1l2 and transistor
. F“/ MB10O, tﬁeir drain currents can be mir¥ored into output buffer

predriver stage 35. The source follower network (transistors MB13
20 and MBl4) is used to limit vds across trahsistor MB10 to avoid any

impact ionization problems. 1In this manner, transistors MB18—MBlA

form a PREF bias voltage output stage.'

Transistorg MP1l-MP4 are used for power down mode to turn off
all currents in the bias genefatcr. For normal operation, the

’ - — - -
25 signal /PDN which is generated externally isHI and thus transistors

-14-



O her Applications of Tenperature Conpensated Bias Generator The bias
generator circuit can be used to advantage in other 5 circuits on the chip
to reduce noise and i nprove perfornmance. Mst applications have an address
and/or data bus which nust switch at. very high speeds. By creating slight
timng skews in the buffer inputs, the overall sw tching noise can be
reduced substantially. Using this bias generator, a |latch may be designed
to provide 10 substantial skew at the fast corner with mni num detay at :wr
the sl ow corner. A second application of the bias generator circuit is in
controlling the non-overlap between clock phases over PST corners. This may
be done by using current controlled cross-coupled NAND 15 gates wherein

CREF 15 anp! e WRaCRP ate bR fHviBlhg O difeNelEb ARl Barder® AOMEs KD Fnd" ©

6. Athird use for the bias gerlerat or s as a gauge of processing quality

by sendi ng t doQUWRELE t¥ansiistdidsampgeana iror are opérad wWhich is not bonded
out: The reference voltages can then be neasured to 20 determ ne whet her

the part is accept abl e, desi gn for erformance, CMOS out put buffer
utilizing curdt®er bBHH‘b‘l"Ii@ﬂ’ rﬁfea'ﬁ“?ﬁfgt‘ﬂﬁf'ercgf"ﬁe’é’w BH¥D HRPEEPRS bi as

-circuit has been described to provide tight control of AC sw tching
characteristics a&h%hlaﬁ%eh@?&%@z&@bf@ Q¥ G5ed to A@vantage in Sther L

M S * CLAI M5
- § circuits on the chip to reduce noise and improve performance. Most
applications have an address and/or data bus which must switch at _
very high speeds. By creating slight timing skews in the buffer
inputs, the overall switching noise can be reduced substantially.
Using this bias generator, a latch may be designed to provide
10 substantial skew at the fast corner with minimum delay at the slow

corner.

A second application of the bias generator circuit is in
controlling the non-overlap between clock phases over PST corners.
This may be done by using current controlled cross-coupled NAND

15 gates wherein PREF is applied to control the current of the NAND

gates as shown in Figure 6.

A third use for the bias generator is as a gauge of processing
quality by sending the outputs of the bias generator to a pad which
is not bonded out. The reference voltages can then be measured to

20 determine whether the part is acceptable.

A design for a high-performance CMOS output buffer utilizing
current controlled predrivers wherein a PST compensating bias
circuit has been described to provide tight control of AC switching

characteristics as well as improved noise behavior. -
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> 1. - A process,

supply and tenperature conpensating outpuf buffer for a

"CMOS device conprising: - . a) . i nput stage means for receiving
and inverting an internal to the CMOS device data_input signal, said input
signal having a value which is one of 0, 1, transition fromO to 1 and

transition 1 to 0; b) non-overlap stage neans coupllmulﬁummmt"“mm)stage
means” for receiving said inverted input signal nt r ol

charging a first

ST gna"and a second tri-state signal, said non-overl‘ap ‘st & ge" melins’ for

i nput node to a flcnaIMBItage and then a second i nput node

to the first voltage when said i nput signal has the value of transition
fromO to 1, and for discharging said second input node to a second voltage

and then 4aid fir

# prpoessgdestppipi drgecbenpepratage womperssak imgyut

vol t age hagt B teeof £ b agStb8Nakiabel compisihey:ei n said first voltage
I's greater than said second voltage; c) predriver stage neans coupled to .

said first and secaond i nput nodes, and said flrdépand secqong tri - ate

~control signdls f

&) cont rAHY g BHRIBUr MERDSE | APX hr BEGRIVANG: second

out put nodayexdinvage Gnteé‘slpdndtﬂg the peMO§ gdeviceat data finput and
- second’ oubpgnalqgdesiidl)impat sidghajehgedagatovaleen whiahplisd dre saf d

predriver gst 3ge vrRalsi £ fon ILPEHAb! B8 i ARl &PEna3eddh A 3D \¢ tages used by
sai d predrlver stage nmeans to provide said control of said current flow

t hrough said

b) non-overlap stage means coupled to the input

—stage means for receiving said inverted input signal, a
first tri-state control signal and a second tri-state

signal,

said non-overlap stage means for charging a

first input node to a first voltage and then a second

input node to the first voltage when said input signal
has the value of transition from 0 to 1, and for
discharging said second input node to a second voltage
and then said first input node to said second voltage
when said input voltage has the value of transition from

1 to 0,

wherein said first voltage is greater than said

second voltage;

c) predriver stage means coupled to said first

and second input nodes and said first and second tri-
state control signals for controlling the current flow

through

first and second output nodes to provide

corresponding output 51gnals at said first and second

- output nodes;

d) bias voltage generator means coupled to said

predriver stage means . for generating first and second
bias voltages used by said predriver stage means to

provide

said control of said current flow through said

first and second output nodes respectively;

second

e) output stage means coupled to said first and
output nodes for generating an- output signal -

corresponding to said data input signal for placement on
"an’ output -pad of -said -CMOS device; wherein said
predriver stage means and said bias voltage generator

- 16 -



first and second output nodes respectively; e) output stage means coupled’
to said first and second out put nodes for generating an output signal -
corresponding to said data input signal for placement on an_ output -pad

of -said -CMOS device-; wherein said predrl e means and sai d bias
vol tage generator - 16 - (err) * L ’wi Mﬂm to control
the switching characteristics of sald CMOS dewl C e for
process, supply and tenperature variations. 2. The output buf fer %
defined by Caiml- wherein said i nput stage neans conprises a pair of
transistors coupled in series between said first and second voltages so as

to form ameansepperate to comyrodbtheitswitechindechpracterdistimsl wherein
sai d non-efeisad@d SCHQS WArice Otpr icompendatet ford prsessk sesupply

transi st o48q ggﬁgeggkugg WS Sighs. bei ng coupled in series between said
first and second voltages wherein one transistor fromeach set is coupled

to the output of said |n ut st%?e means, at least two transistors fromsaid

first setlare couE'P@d 4. B'dFd putter defingd byniSlaim; draWhexeis | east
two trans$aidr inpuwim sbage saeand comprisesupl gaim ofi Yransistors
coupled in series between said first and second voltages

so as to form an inverter.

3. The output buffer defined by Claim 1 wherein
said non-overlap stage means comprises a first and
second set of transistors, each set of transistors being
coupled in series between said first and second voltages
wherein one transistor from each set is coupled to the
output of said input stage means, at least two
transistors from said first set are coupled to said
first tri-state control signal and at 1least two
transistors from said second set are coupled to said
second tri-state control signal and said first and
second set of transistors are coupled to each other to
form said first and second input nodes.

4. The output buffer defined by Claim 1 wherein
said predriver stage means comprises a first set of
transistors coupled in series wherein one of said
transistors from said first set is coupled to said first
input node and a second one of said transistors from
said first set is coupled to said second input node and
a third one of said transistors from said first set is
coupled to said first bias voltage, and one of said
transistors from said second set is coupled to said
first input node and a second one of said transistors
from said second set is coupled to said second input
node and a third one of said transistors from said first
set is coupled to said second bias voltage.

~-17-



éecond tri-state control signal and said-first and second set of

transi stors are coupled to'each other to formsaid first and second i nput.
nodes. 4. The out put buffer defined by Claim31 wherein said predriver
stage neans conprises a first set of transi stors—coupled in_series wherein
one of said transistors fromsaid first set is coupled to said first I nput
node ;and a second one of said transistors from s llal lmuml‘coupl ed to
sai d Second i nput node and a third one of said: t aid first—
set is coupled to said first bias voltage, and:one of sai d tfanSistors from
said second set is coupled to said first input node and a second one of
said transistors fromsaid second set is coupled to said second input node
and a third ope &S o) a S é@ﬁ ¢to said
second bi as v%] tgg’e g{,glp&{ ﬁﬁgg%uﬁ%ﬁtl{%&? !:ija ?ng C?gf;%l?z erein for
a first set &f grioeesss, sx.ﬁ:lp}lm yoydgage.daadmﬁamatatwmeesrm Foand for a
second set of process, supply voltage and tenperature corners, said bias
vol tage geaerdisst ﬁﬁaﬁ?%ﬁpr?%&iy yoltage gng) SREPEIASNAC SEATE e afidid or
receivi an ex grga ene @%lr gggﬂntur n| ng ff all currents in said bias

vol t age ’e?\%raﬁ e 8h A & gr nar- si gnal is in one state and
turnigg on aldy wéena&m Rt88ktndims 102! Fag6i yagciR et eFBAN SWARN S7d d

external signal in a second state;
turning off all currents in said bias voltage generator means when

said external signal is in one state and turning on all currents in
said bias voltage generator means when said external signal is in a

i

second state;

10 b) :eférence current generation stage means for generating a
reference current which provides compensation for current changes
dpe to changes between said first and second sets of temperature
corners, processes énd supply voltages; -

c) first bias voltage output stage means coupled to said
.15 reference current generation stage means for generating said first
bias voltage;
d) second bias voltage output stage means coupled to said
reference curreht generation stage means for generating said second

N bias voltage.

6. The output buffer defined by Claim 1 wherein said output
stage means comprises a first transistor coupled to said first

OUtput node and a second transistor coupled to said second output
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10 b) reference current generation stage neans for generating a
reference current which provides conpensation for current changes due to
changes between said first and second sets of tenperature corners, _
~processes and supply voltages; c) first bias voltage _output stage neans
coupled to said 15 reference current generation Stﬁﬁe means for generating

said first bias voltage; d) second bias vol tagmm jﬁu“m““gans coupl ed
[ sai d secpond
S

to said reference current generation stage ne

"bias voltage. 6. The output buffer defined by d ai‘m £ wherein said out put™
. stage neans conprises a first transistor coupled to said first Qutput node
and a second transistor coupled to said second out put node, said first
~and second t medei ssaid fdgapland sgcend (trsnhdstors Toypled £oapack Ptherednst or .
. 7. The output buyffer defined Qhy Claim4 wherein said predriver stage neans
further c8nprieEaes 2MH koA 3 PEr coupled to said third one of said

. transistors fromsaid second set to reduce switching noise transients
created by said second bias voltage. 8. The output buffer-defined by d aim
5 wherein said poder Tievwwuspagdutfensdetimedi bpsClaims$  wheaedndsaidiprédaider
~fourth transistors coupled to an externally generated power _ down signal
‘wherein two d@taggi geans; furthey coppEitnd dOrTRALY Lilter coyRied it saddy, e

open when saig(Ra"Ghe 3"3ath Lidnst Sebfs Hnshih UM Jek70E! FURIE PecO™

- OFF and said TWO open transistors becone
g switching noise transients created by said second bias voltage.

8. The output buffer defined by Claim 5 wherein said power
down stage means comprises first, second, third and fourth
transistors coupled to an externally generated power down signal
wherein two of said transistors are ON and two of said transistors

S are open when said pbwez down signal is LO and said two ON
transistors become OFF and said two open transistors become closed

when said power down signal is HI.

9. The output buffer defined by Claim 5 wherein said reference
current generation stage means comprises a first transistor coupled
between said first voltage and a fi:st'tesistor, said first resistor
being coupled in series to a second, third and fourth resistor, and

S a second transistor coupled between said fourth resistor and said
second voltage, said reference current generation stage means
further comprising third, fourth and fifth transistors coupled in
series between said first and second voltages wherein a base
connection of said third transistor is coupled to a node formed

10 between said first and second resistors, a base connection of said

fourth transistor is coupled to a node formed between said second -



L

‘when said power down signal is H. 9. The output buffer defined by Claim5
wherein said reference current generation stage neans conprises a first
transi stor coupl ed bet'ween said first voltage and a first resistor, said
first resistor being coupled in series to a second;-—thi+d—and-Ffourth

resistor, and si 5 a second transistor coupl ed bet ol resi stor
and {gai d second voltage, said reference current gemﬁﬂﬁ@t %l ans
further conprising third, fourth and fifth transis c sl NxSeries

bet ween said first and second voltages wherein a base connection of said
third transistor is coupled to a node forned 10 between said first and
second resistors, a base connection of said fourth transistor is coupled to

a node fH{Re iRl XESALesd SRCANHasd Sonnectidn of baid fYlfth SransdBfothird
resistors, and a base connection of said fifth transistor is coupled to a

node f orirectodvpledcro sanddé ofarmedr betwdenr said fmirgthseedistorrambisstidr, and a
- sixth transistor coupled between said first 15 voltage and a node forned

- bet ween S8FWY; RFPRELATETr oY 1B BAXR| IiAgpLstan couphed RFtHEen HiRiref 18 i ned—
b y Q'Sa' 'Uo%t F&r J)&' asqilo(Aef &ﬂedb b@évé’eg{ %ggg Oﬂggzgsgnétfa&gtgeéfﬁ:s qBLéses a

seventh transistor whose base 1S cou se connection of sard sixth
transi stor, said-seventh transistor being coupled between said first
voltage and an 5 eighth transistor, said eighth transistor being coupled to
a fifth resi 30er, Thenichtpirt thnfifesi debHinede by ClaiwpPevhereinasaid fiost vol t age,
said first biaf vol t age ougput stage neans further cgﬁgrisin a

bias voltage output stage means comprises a sevent ransistor whose

base is coupled to a base connection of said sixth transistor, said

seventh transistor being coupled between said first voltage and an

5 eighth transistor, said eighth transistor being coupled to a fifth

resistor, said fifth resistor being coupled to said second voltage,

said first bias voltage output stage means further comprising a

ninth transistor whose base is coupled to a node formed between said

fourth and fifth transistors and which is coupled in parallel to

10 said fifth resistor, wherein said first bias output voltage is at a

node formed between said seventh and eighth transistors.

11. The output buffer defined by Claim 10 wherein said second
N, bias voltage output stage means comprises tenth and eleventh
transistors.coupled in series between said first and second voltages
and twelfth, thirteenth and fourteenth transistors coupled in series
5 between said first and second voltéges wherein a base connection of
said tenth transistor is coupled to the base of said seventh
transistor, a base connection of said eléQeﬁih transistor is coupled
to a base connection of said eighth transistor and a ?a;é connection
of said fourteenth transistor, a base connection of said thirteenth

10 transistor being coupled to a node formed between said tenth and

-20-



ninth transi stor whose base is coupled to a node fornmed between said fourth-
and fifth transistors and which is coupled in parallel to 10 said fifth ’
resistor, wherein said first bias output voltage is at a node forned

bet ween said seventh and eighth transistors. 1%.- The output—buffer defi ned

by C aim 10 wherein said second bias voltage S conpri ses
tenth and el eventh transistors coupled in ser mwgmﬁﬂiﬂfl rst and
second voltages and twelfth, thirteenth and f ; tors coupl ed:
in series 5 between said first and second voltages wherein a base -
connection of said tenth transistor is coupled to the base of said seventh
transi stor, a base connection of said eleventh transistor is coupled to a
base connection of said eighth transistor and a base connection of said
fourteenth transistor, a base connection of said thirtéenth 10 transistor

bei ng coupled to a node forned between said tenth and - 20- *» C L M S
* eleventh {ransjstors, .wherein,said second- bi as, volta i s at node

for ed bet RAENSBhE AAIALAERFSin ARERFFR GhiEn e P Riag, Eotase 3n 8 gfaege
suppl y and (LefRar i ildent SHRENSRLIEEH M RUL LLEAS] thRhs fad WSl devi ce

substantially as hereinbefore described wth reference tc Figs. 2 to 6 of
the accorrpa}gyi ng p%?e%!‘%ﬁppw?ah tempersture compensating output buffer for a
'CMOS device substantially as hereinbefore described with reference tc Figs. 2 to
6 of the accompanying drawings.
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