Circuitry and Layouts for XOR and XNOR Logic by inventor Scott T. Becker
BACKGROUND [ 0001] A push for higher performance and snaller die size drives
t he sem cwodoowias73sndustry to reduce circuit chip area lpgTapspoioxsreat el y 50%
every two years. The chip area reduction provides an econonm ¢ benefit for
mgrating to newer technologies. The 50% chip area reduction is achieved by
reduci ng the feature sizes between 25% and 30% The reduction in feature
size is enabled by juaprqvenents in manyfagturin i nt and material s.
For exanple, inproV itryap ﬂYQHBbﬂHgﬁﬁﬁﬁﬁﬂgégﬁg @PM4bl ed snal | er
feature sizes to be achieved, mhilel; royement in chem cal nechani cal
polishing (CMP) has in-part enabled a I gher nunber of interconnect |ayers.
[0002] In the evolution of |ithogra&pkyT. Bsckehe m ni num feature size
approached the wavel ength of the |light source used to expose the feature
shapes, unintended interactions ocdBACKEROGENReen nei ghboring features.

Today m nj feature sizes are being reduced bel ow 45 nm (nanoneters),
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P rEFS nm enanometers), nglfe th% wavegength of the light source used in the photolithography
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process remains at 193 nm. The difference between the minimum feature size and the
wavelength of light used in the photolithography process is defined as the lithographic gap. As
the lithographic gap grows, the resolution capability of the lithographic process decreases.

20 [0003] An interference pattern occurs as each shape on the mask interacts with the light. The
interference patterns from neighboring shapes can create constructive or destructive
interference. In the case of constructive interference, unwanted shapes may be inadvertently
created. In the case of destructive interference, desired shapes may be inadvertently removed.
In either case, a particular shape is printed in a different manner than intended, possibly

25 causing a device failure. Correction methodologies, such as optical proximity correction
(OPC), attempt to predict the impact from neighboring shapes and modify the mask such that
the printed shape is fabricated as desired. The quality of the light interaction prediction is
declining as process geometries shrink and as the light interactions become more complex.
[0004] In view of the foregoing, solutions are sought for improvements in circuit design and

30  layout that can improve management of lithographic gap issues as technology continues to

progress toward smaller semiconductor device features sizes.



| ayout that can inprove managenent of |ithographic gap issues as technol ogy
continues to progress toward snall er sem conductor device features

si zes. SUWBRY(/Q608] | n one enbodi nent, an excl usi ve- or PCXORRO10OEI6S0 Ci r cui t
is disclosed. The XOR logic circuit includes a first input node, a second

i nput node, and an output node. A pass gate is connected to be controlled
by a logic state present at the second I nput node. The pass gate is
connected to pass through a version _of a logic state present at the first

i nput node to the output node when m&d to transmt by the logic
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di scl osed.. The XNOR logic circuit includes a first input. node, a second
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defined by a gate electrode structure placed along a sixth gate electrode track, such that the

20  sixth PMOS transistor does not share the sixth gate electrode track with another transistor
within the exclusive-or logic circuit layout. The six gate electrode tracks are oriented parallel
to each other.
[0007] In one embodiment, an exclusive-nor (XNOR) logic circuit is disclosed. The XNOR
logic circuit includes a first input node, a second input node, and an output node. A pass gate is

25  connected to be controlled by a logic state present at the second input node. The pass gate is
connected to pass through a version of a logic state present at the first input node to the output
node when controlled to transmit by the logic state present at the second input node. A
transmission gate is connected to be controlled by the logic state present at the first input node.
The transmission gate is connected to pass through a version of the logic state present at the

30  second input node to the output node when controlled to transmit by the logic state present at
the first input node. Pulldown logic is connected to be controlled by both the logic state present

at the first input node and the logic state present at the second input node. The pulldown logic



The transm ssion gate is connected to pass through a version of the logic
state present at the second i nput node to the output node when controlled
to transmvO 2b/2b8| ogi ¢ state present at the first i npeCTASAE/0BP6E0 down
logic is connected to be controlled by both the logic state present at the
first input node and the |ogic state prgsent at the second input node. The
pul | down | ogicis connected to drive a state present at the output node high
when bot.h the | ogic.state present at the first input node .and the |ogic
otate pristmecsd % At Suidronia: oatrsnoct Biat oot e 13RS stalfbarbrt
an excl ugé Mgt it hSNGRY thOBf Edté prsént lap¥RUEcInd Al 6b&sSSE lowhe XNOR | ogi ¢
circuit |ayout includes five PMOS transistors and six NMOS transistors. The
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circuit lTayout. € sIx gate electrode tracks are oriented parallel to each
ot her. [i0de@jedDyhepataspeabde stindtad\pintdghsgaf sittheatenlentode nravk,| duclh @co e
nore apparent fromthe f Ilomjng detai |l ed description, taken in conjunction
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XOR logic gate circuit; Figures IB- IE show'state tables for the

convent itoeath O@R. | ogi ¢ gate circuit of Figure IA;, Figure |IF shows a | ayout

of the ronal XOR, in accord e.wth one enbodi nent of th resent
"nvent | SIS hPe SRl Srate AR nf G yaod SRR DBt Bbreotafetl 4580  Bance
Wi th theopswRle aéthiled drEHtdA SRS iR NokNRibO Il €h IR CackbiPbihfing | drawings,
accordance w th one enbodinment of the present invention; Figures 2B-2E show
st at e t abrsting by wig oXRICRIple dhecprgseneinyenteani.t of Figure 2A, in accordance

w t h_one enbodi nent of t elgr inventio1§ iﬁggre ég shows a | ayout of
t he XNOR |l ogic gate cir I PFT

Figure 1A shows a conventional XOR logic gate circuit;

Figures 1B-1E show state tables for the conventional XOR logic gate circuit of Figure
1A;
Figure 1F shows a layout of the conventional XOR, in accordance with one
20  embodiment of the present invention;
Figure 1G shows an example inverter configuration, in accordance with the prior art;
Figure 2A shows an XNOR logic gate circuit, in accordance with one embodiment of
the present invention;
Figures 2B-2E show state tables for the XNOR logic gate circuit of Figure 2A, in
25  accordance with one embodiment of the present invention;
Figure 2F shows a layout of the XNOR logic gate circuit of Figure 2A, in accordance
with one embodiment of the present invention;
Figure 3A shows an XOR logic gate circuit, in accordance with one embodiment of the
present invention;
30 Figures 3B-3E show state tables for the XOR logic gate circuit of Figure 3A, in
accordance with one embodiment of the present invention;
Figure 3F shows a layout of the XOR logic gate circuit of Figure 3A, in accordance

with one embodiment of the present invention;



wi th one enbodi rent of the present invention; Figure 3A shows an XOR | ogic
gate circuit, in accordance with one enbodi nent of the present invention;
Fi gures 3Bo2Ehowsst ate tables for the XOR | ogi ¢ gate ecraszai0o81656 gur e
3A, in accordance with one enbodi nent of the present invention; Figure 3F
shows a |ayout of the XOR logic gate cijcuit of Figure 3A, in accordance
wi th one enbodi nent of the present invention;Figure 4A shows an exanpl e of

gate electro tracks defined within the restricted. gate l.evel |ayouyt

archi tect ur o el 20 SR RIS Sl ABathett Aing Hrug iR e Bisotn.
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of Figure 4A"with a nunber of exenplary gate |evel features defined
therein, in dégweddneows thh espraplenbesdirieash cas¢ lavgblaypetsaphitaciye wf Fegure 4A
DETAI LED .DESCRI PTIl 001 In fol L owi ng -description, n rous.specific
dot ai 15 4G SsBt M Hgr o eraraeret got gt A D AT Sh Rt A SO TR S 1 8P Sfene
presant dnibodithémf tHetpridehd inbentppar ent, however, to one skilled in the art

that the present invention may be practiced wi thout sone or all of these
specific details. In other i ndERASGED IMISCRIPFUANDr ocess operati ons have

not bee criped jn.detail in order not t nnecessarjly .obscure the
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i ncl udes two inputs , and one out put Q e input Ais provided at a
node 101n thhertithputhe BPresnpmyentedmay e pracieced 02ithoTheomatquull @ thesgsmeifaed

at nod 05. Fjgures |B-| how state tables for the XOR 100., As,shown in
2 odoae G e qthdheRnctoorl BT BIERS SiRERs hie d B Brcnli (ot By
the varifgs ot &t @ine@irabbQise @Eﬁ}@wtiﬁveﬁti@ﬂd B. [0012] As shown in Figure
| A, the node 101 which receives the input Ais connected to a gate of a

PMOS t r dessiventignall XPRagHcwib a gate of an NMOS transistor 120. The node 101
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node 102 is connected to a gate of a PMOS transistor 114 and to a gate of
an 15 101. The input B is provided at a node 102. The output Q is provided at a node 105. Figures
1B-1E show state tables for the XOR 100. As shown in Figures 1B-1E, the XOR 100 provides
an appropriate state of output Q for the various state combinations of inputs A and B.
[0012] As shown in Figure 1A, the node 101 which receives the input A is connected to a gate
of a PMOS transistor 117 and to a gate of an NMOS transistor 120. The node 101 is also
20  connected to an input of an inverter 110. An output of the inverter 110 is connected to a node
103. The node 103 is connected to a gate of a PMOS transistor 113 and to a gate of an NMOS
transistor 116.
[0013] The node 102 is connected to a gate of a PMOS transistor 114 and to a gate of an
NMOS transistor 119. The node 102 is also connected to an input of an inverter 111. An output
25  of the inverter 111 is connected to a node 104. The node 104 is connected to a gate of an
NMOS transistor 115 and to a gate of a PMOS transistor 118.
[0014] The PMOS transistors 113 and 114 are connected in a serial manner between a power
supply (VDD) and the node 105, which provides the XOR 100 output Q. The NMOS
transistors 115 and 116 are connected in a serial manner between the node 105 and a reference
30  ground potential (GND). The PMOS transistors 117 and 118 are connected in a serial manner
between the power supply (VDD) and the node 105. The NMOS transistors 119 and 120 are

connected in a serial manner between the node 105 and the reference ground potential (GND).



NMOS transistor 119. The node 102 is also connected to an input of an
inverter 111. An output of the inverter 111 is connected to a node 104. The
node 104 we 20uvinews8ed to a gate of an NMOS transi stor 1PBTarsdomwo3wsgat e of
a PMOS transistor 118. [0014] The PMOS transistors 113 and 114 are
connected in a serial manner between a power supply (VDD) and the node 105,
whi ch provides the XOR 100 output Q The NMOS transistors 115 and 116 are

connect nner tmeen t he refer r.ound
cotort | dfol keS8 b dho KRR e 1B EPRatide XA DEandPEs JuhreRl SO B108Er | o
nmanner begapeede fiResd? @V8fined Y BMOYRAnsARes 1 1e an@de4, 101G - thd @ oM is defined
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and one NMOS transistor. Figure I'G shows an“exanple inverter configuration,
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inverter including one PMOS transistor and one  NMOS transistor, it should
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XOR 100, in accordance wt one e
should be understood that the conventional XOR 100 includes a total of 6 PMOS transistors
20  and 6 NMOS transistors.
[0017] Figure 1F shows a layout of the XOR 100, in accordance with one embodiment of the
present invention. The layout of the XOR 100 is defined in accordance with a restricted gate
level layout architecture, as described herein. The various PMOS and NMOS transistors as
previously described with regard to Figure 1A are labeled accordingly in the layout of Figure
25 1F. The various nodes as previously described with regard to Figure 1A are also labeled
accordingly in the layout of Figure 1F. The gate electrodes of the PMOS transistor 118 and
NMOS transistor 119 are defined in a co-linear manner such that they are separated within gate
the level by an end-to-end spacing 195. Also, the gate electrodes of the PMOS transistor 114
and NMOS transistor 115 are defined in a co-linear manner such that they are separated within
30  gate the level by an end-to-end spacing 196.
[0018] It should be understood that in order to layout the conventional XOR 100 within six

gate electrode tracks using the restricted gate level architecture, it is necessary to have at least

two gate electrode end-to-end spacings, e.g., 195 and 196, within the gate level of the XOR



present invention. The |layout of the XOR 100 is defined in accordance with
a restricted gate level layout architecture, as described herein. The

vari ous PNVO20swmide™NMOS transi stors as previously descri bedTwiseéronemgar d to
Figure | A are | abel ed accordingly in the layout of Figure IF. The various
nodes as previously described with regagd to Figure IA are also |abeled
accordingly in the layout of Figure IF. The gate el ectrodes of the PMOS

transistor 118 and N ransistor 119 ar efi.ned in a co-linear nner
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|l ogic gate circult (" XOR 300" hereafter), 1n accordance with one
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3B- 3E showhgpBate tables for the XOR 300, in accordance with one enbodi nent
of the present invention. As shown in Figures 3B-3E, the XOR 300 provides
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of a PMi&diveansé Bipatr B3d donntbed noae inpd2oft @Remt@cHilVERe bit@ut sfakié ildeitsr 310
connected to an input of an inverter 311. The output of the inverter 310 is
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gate of an sTstor
The output of the inverter 311 is connected to a node 304. The node 304 is connected to: 1) a

20  gate of the NMOS transistor 312, 2) a gate of a PMOS transistor 315, 3) a first terminal of the
NMOS transistor 313, and 4) a first terminal of the PMOS transistor 314,
[0021] A node 305 is connected to each of: 1) a second terminal of the NMOS transistor 312,
2) a second terminal of the NMOS transistor 313, 3) a second terminal of the PMOS transistor
314, and 4) a second terminal of the PMOS transistor 316. A first terminal of the PMOS
25  transistor 315 is connected to a power supply (VDD). A second terminal of the PMOS
transistor 315 is connected to a node 306, which is connected to an first terminal of the PMOS
transistor 316. The node 305 is connected to an input of an inverter 317. An output of the
inverter 317 is connected to a node 307, which provides the output Q of the XOR 300.
[0022] The state tables of Figures 3B-3E show the different states of the various nodes (Node-
30 301 through Node-307) of the XOR 300 for application of different state combinations at the
inputs A and B. Each of inverters 310, 311, and 317 includes one PMOS transistor and one
NMOS transistor. Therefore, in contrast to the conventional XOR 100 that includes a total of



The output of the inverter 311 is connected to a node 304. The node 304 is
connected to: 1) a gate of the NMOS transistor 312, 2) a gate of a PMOS
transi st owo2aB/128)38a first termnal of the NMOS transi sPOT/IB2B0/03x660 4) a
first termnal of the PMOS transistor 314. [0021] A node 305 is connected
to each of: 1) a second termnal of the;NMOS transistor 312, 2) a second
termnal of the NMOS transistor 313, 3) a second term nal of the PMOS

transi st or 4 and 4) a,se rm.nal qf ransi st or .31

oS P ePn R sARg! aRpaRCOBh Bhi0Ghs He kOR AP Reh RS 2 Bh0he S0,
(VDD) . Ara%@i_@@@éjar{deﬁxféi I{IMOS){raﬂsﬂ‘%‘qrE"t’K&ew s'm%ﬂ SRINBIDS frsnskaspnect ?d to a node
306, which is connected to an first termnal of the PMOS transistor 316.
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application of different state conbinations at the inputs A and B. Each of
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transi st gr r 1 r i XOR 100 t hat
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t her eby saving one N trapsistor. [0023] The 2-ipput XOR 300 is defined
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314 together define a transm ssion gate 350 which'is controlled by the
i nput A.[00% il lteHM O tamsiofors Rifuand/S libgogasher define puliup logicaD vahich tyeontrolled
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When the state of input Bis low, i.e., logical 0, the pass gate 36
cont r i buegs 376 cerfielp die wite oheupruPesush tba}ttgmta@pfsmmt {hiatlow hiee. st bpgicab.

out put es . the e, of . .. [0024] e R t. i St.0 315 and
316 Eoga ol SHET shBSrIMALEA g LRy L 2ReERLo. LR b Tedc BF L3IRORA" e
i nputs A0628] Bic NPORIBODGS Hefided tsidlice: of i nput A and the state of input B are

high, i.e., logical 1, both the transm ssion gate 350 and pass gate 360 are
di sabl ed, A&ndashéurgigh apersieyiof terdate ohinmt & tohbe suueQdty way plipase gty

that the stat ) islow i.e., alogical 0. Wen either state of
i nputs A and %“?é”%;évfl%@: | ogi cal 0, the pullup logic 370 is disabl ed.

[0025] Thee X@Rs3Bbough adréioedf e seité Bmput B to the output Q by way of a transmission
20 gate 350 controlled by input A, or
e drive a state of the output Q low by way of pullup logic 370 under the control of both
inputs A and B.
[0026] In accordance with the foregoing, the XOR logic circuit 300 includes the first input A
node 301, the second input B node 302, and the output Q node 307. The pass gate 360 is
25  connected to be controlled by a logic state present at the second input node 302. The pass gate
360 is connected to pass through a version of a logic state present at the first input node 301 to
the output node 307 when controlled to transmit by the logic state present at the second input
node 302. The transmission gate 350 is connected to be controlled by the logic state present at
the first input node 301. The transmission gate 350 is connected to pass through a version of
30  the logic state present at the second input node 302 to the output node 307 when controlled to
transmit by the logic state present at the first input node 301. Pullup logic 370 is connected to
be controlled by both the logic state present at the first input node 301 and the logic state

present at the second input node 302. The pullup logic 370 is connected to drive a state present



pass through a version of the state of input Ato the output Q by way of
pass gate 360 controlled by input B, pass through a version of the state
of 1 nput WBORo10e738ut put Q by way of a transm ssion gat @C3882@0/081660 | ed by
input A or drive a state of the output Q low by way of pullup |ogic 370
under the control of both inputs A and B. [0026] In accordance with the
foregoing, the XOR logic circuit 300 includes the first input A node 301,

t he second input B.n 302, anpd,the output node .307. The at e 360
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of the present invention. In one enbodinment, the [ayout of the XOR 300 is
def i ned svaswd DY (adefast plagadinde eatt eleetrodeatyaskit38ar chit ect ure, as descri bed

her ei n. i s defined t i st d
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15 VR %‘it}l%]tg%lis%hsgfg)ﬁ e 39@ share %ontfglglglfseg%ch é:(lzeic%rég% Sy ctfifd W giﬁ}lafd

t ransi st’or e a contrguous ructure
def i ned admengsiaglsicag! dedgatie tatless2.oe RVMOSKradSistor 30D 38 the ThmsiMadont gagn®I(st or
315 of the pullup logic 370 and the NMOS transistaor 312 of the pass gate

360 sharie defiregdlongd 58 2latate dpetadedisk S8p uEhundes 3P &30 épredafingf omgheaX9Rngl e

gate 300 layout by various combinations of contacts, interconnect structures (M1, M2), and vias

(Vial), so as make the connections between the various transistors as shown in Figure 3A.

20 [0029] It should be appreciated that the layout of the XOR 300, when defined in accordance
with the restricted gate electrode architecture, is defined using six adjacent gate electrode
tracks (380-385). In one embodiment, the six adjacent gate electrode tracks (380-385) are
equally spaced apart. However, in another embodiment, different perpendicular spacings can
be used to separate the six adjacent gate electrode tracks (380-385). Also, it should be

25  appreciated that the layout of the XOR 300, when defined in accordance with the restricted
gate electrode architecture, does not require placement of opposing gate electrode line ends. In
other words, there are no gate electrode structures placed end-to-end along any given gate
electrode track within the XOR 300 layout. Therefore, lithographic difficulties associated with
manufacturing end-to-end spacings between gate electrode features is avoided.

30  [0030] Also, because there are no end-to-end gate electrode spacings positioned along a given
gate electrode track between the P-type diffusion region and the N-type diffusion region, the
perpendicular layout space between the P-type and N-type diffusion regions is not forced to

comply with a minimum size requirement, as would be dictated by design rules associated with



el ectrode track 381. The PMOS transistor 316 of the pullup logic 370 and
the NMOS transistor 313 of the transm ssion gate 350 share a conti guous
gate el ecwpadw/6138Cct Ure 382G defi ned al ong a si ngl e gaPeTAlISeeNdIBE t r ack
382. The PMOS transistor 314 of the transm ssion gate 350 is defined al ong
a single gate electrode track 383. The godes 301-307 are defined in the XOR
300 | ayout by various conbinations of contacts, interconnect structures

(M, and vias (Via nectlon bet e _vari ous
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reduced [B93Hgagirag2A hdopist gipeXMAR Mgy matedictreuisi2ZON ' &GVORs2@] obereattesgetrher .

00 | : i d 3F
showt nd pUrrER LSRRl TG ER Ao R T4 R0R 2 AR AT, or
315 i s coanest adi b2 dufigut QtThetingft A Rereeaanst a oA RO M ihedt Biklprodded such

that the gate of the PMOS transistor 316 is connected to the output of the
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the pul 'up oglc ined at the gate of tran
315 is cﬂB’tﬂEmﬂ&adKNORhﬂ)(blptqwkﬂesoﬁn appropriate state of output Q for the various state

20  combinations of inputs A and B.

[0033] As shown in Figure 2A, the node 201 which receives the input A is connected to both
an input of an inverter 210 and to a gate of an NMOS transistor 214. The node 202 which
receives the input B is connected to an input of an inverter 211. The output of the inverter 210
is connected to a node 203. The node 203 is connected to: 1) a first terminal of an PMOS
25  transistor 212, 2) a gate of a PMOS transistor 213, and 3) a gate of an NMOS transistor 215.
The output of the inverter 211 is connected to a node 204. The node 204 is connected to: 1) a
gate of the PMOS transistor 212, 2) a gate of an NMOS transistor 216, 3) a first terminal of the
PMOS transistor 213, and 4) a first terminal of the NMOS transistor 214,
[0034] A node 205 is connected to each of: 1) a second terminal of the PMOS transistor 212,
30  2) asecond terminal of the PMOS transistor 213, 3) a second terminal of the NMOS transistor
214, and 4) a second terminal of the NMOS transistor 215. A first terminal of the NMOS
transistor 216 is connected to a reference ground potential (GND). A second terminal of the

NMOS transistor 216 is connected to a node 206, which is connected to a first terminal of the



the first input inverter 310, and such that the gate of the PMOS transistor
316 is connected to the output of the second input inverter 311. XNOR
Circuit awmo2bhsyet3sEnbodi nents [ 0032] Figure 2A shows amrCXNSR100FI6S0 gat e
circuit 200 ("XNOR 200" hereafter), in accordance with one enbodi nent of
the present invention. The XNOR 200 incjjudes two inputs A and B, and one
output Q The input Ais provided at a node 201. The |nput Bis pI’OVI ded at

a node The o i r ded at node 207.
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gate of W%F Jdqpsi stor 215. The output of the inverter 211 is connected
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second term hal the NMOS transistor 214, and 4) a second term nal of the
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i ncl udes one PMOS transistor and one NMOS transistor. Therefore, the XNOR
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B are low, i.e., logical 0, both the transmission gate 250 and pass gate 260 are disabled, and the
pulldown logic 270 controls the state of output Q, such that the state of output Q is high, i.e., a
20  logical 1. When either state of inputs A and B is high, i.e., logical 1, the pulldown logic 270 is
disabled.
[0037] Based on the foregoing, the XNOR 200 is defined to either:
® pass through a version of the state of input A to the output Q by way of pass gate 260
controlled by input B,
25 ¢ pass through a version of the state of input B to the output Q by way of a transmission
gate 250 controlled by input A, or
¢ drive a state of the output Q high by way of pulldown logic 270 under the control of
both inputs A and B.
[0038] In accordance with the foregoing, the XNOR logic circuit 200 includes the first input A
30  node 201, the second input B node 202, and the output Q node 207. The pass gate 260 is
connected to be controlled by a logic state present at the second input node 202. The pass gate
260 is connected to pass through a version of a logic state present at the first input node 201 to

the output node 207 when controlled to transmit by the logic state present at the second input



[ 0035] The 2-input XNOR 200 is defined to process four unique conbinations
of inputs A and B, as depicted in Figures 2B-2E. Specifically, the PMOS
transi st owo208/2etb8NMOS transi stor 214 toget her defi ne &CTABRGWI3KEON gat e
250 which is controlled by the input A Wen the state of input A is high,
i.e., alogical 1, the transm ssion gatg 250 contributes to control of the
state of output Q such that the state of output Q matches the state of

i nput B. Th transi stor 212 define ass e 26 i.ch is
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[0040] The NMOS transistor 216 of the pulldown logic 270 and the PMOS transistor 212 of
the pass gate 260 share a contiguous gate electrode structure 281G defined along a single gate

20  electrode track 281. The NMOS transistor 215 of the pulldown logic 270 and the PMOS
transistor 213 of the transmission gate 250 share a contiguous gate electrode structure 282G
defined along a single gate electrode track 282. The NMOS transistor 214 of the transmission
gate 250 is defined along a single gate electrode track 283. The nodes 201-207 are defined in
the XNOR 200 layout by various combinations of contacts, interconnect structures (M1, M2),

25 and vias (Vial), so as make the connections between the various transistors as shown in Figure
2A.
[0041] It should be appreciated that the layout of the XNOR 200, when defined in accordance
with the restricted gate electrode architecture, is defined using six adjacent gate electrode
tracks (280-285). In one embodiment, the six adjacent gate electrode tracks (280-285) are

30  equally spaced apart. However, in another embodiment, different perpendicular spacings can
be used to separate the six adjacent gate electrode tracks (280-285). Also, it should be
appreciated that the layout of the XNOR 200, when defined in accordance with the restricted

gate electrode architecture, does not require placement of opposing gate electrode line ends. In



to be controlled by both the logic state present at the first input node
201 and the logic state present at the second i nput node 202. The pul |l down
| ogi c 270wo=0n0n2em8t ed to drive a state present at the @urpstomoesss®07 hi gh
when both the logic state present at the first input node 201 and the |ogic
state present at the second input node 202 are low. [0039] Figure 2F shows
a layout of the XNOR 200, in accordance with one enbodi nent of the present
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with the restricted gate el ectrode architecture, is defined US[H? Si X

adj acentinypatee 387 et thedeonverrck sonfz8ouipgsihe quipusmede 70 dFermes, equinalagit xo the

ad; ggent, Gatfsel eehl.qdfbEAgk R (280 1R0R ofr 6 SAUAL lp RPRCSE BRATL. JHpVEvVer.
in anot her - enbodi ment, di rent perpendr curar spacimgs can be used to

separ at ghbhe ilsthe satd abRRbf ghlueeseIBLE fadhe XNOIK20(.280- 285) . Al so, it should
be appreciated that the |ayout of the XNOR 200, when defined in accordance

wi th t hd 0¥k isbewd e be gindesiasdethar e XOQR, 290 glErait pst apsegiaterelaypucasment
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el ectrode structures placed end-to-en ong any given gate
output inverter 217. In this converted configuration, the output node 207 becomes equivalent to

20  the node 205, and the relationship between the output Q and the inputs A and B is the same as
shown in the state tables of Figures 3B-3E for the XOR 300.
[0045] Additionally, although the exemplary embodiment of Figures 2A and 2F show the
pulldown logic 270 defined such that the gate of the NMOS transistor 216 is connected to the
output of the second input inverter 211, and such that the gate of the NMOS transistor 215 is

25  connected to the output of the first input inverter 210, it should be understood that the stack of
NMOS transistors 216 and 215 can be reversed. Specifically, in one embodiment, the pulldown
logic 270 is defined such that the gate of the NMOS transistor 216 is connected to the output of
the first input inverter 210, and such that the gate of the NMOS transistor 215 is connected to
the output of the second input inverter 211.

30  Restricted Gate Level Layout Architecture
[0046] As mentioned above, the XOR 300 and XNOR 200 circuits of the present invention can

be implemented in a restricted gate level layout architecture within a portion of a

semiconductor chip. For the gate level, a number of parallel virtual lines are defined to extend



el ectrode track within the XNOR 200 | ayout. Therefore, |ithographic
difficulties associated with manufacturing end-to-end spaci ngs between gate
el ect r odewbeatumessi s avoi ded. [0042] Al so, because thereTarseomm3®BAE- t 0- end
gate el ectrode spaci ngs positioned along a given gate el ectrode track

bet ween the P-type diffusion region and.the N-type diffusion region, the
per pendi cul ar | ayout space between the P-type and N-type diffusion regions
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[0048] Within the restricted gate level layout architecture, a gate level feature layout channel is
defined about a given gate electrode track so as to extend between gate electrode tracks
20  adjacent to the given gate electrode track. For example, gate level feature layout channels
401A-1 through 401E-1 are defined about gate electrode tracks 401A through 401E,
respectively. It should be understood that each gate electrode track has a corresponding gate
level feature layout channel. Also, for gate electrode tracks positioned adjacent to an edge of a
prescribed layout space, e.g., adjacent to a cell boundary, the corresponding gate level feature
25 layout channel extends as if there were a virtual gate electrode track outside the prescribed
layout space, as illustrated by gate level feature layout channels 401A-1 and 401E-1. It should
be further understood that each gate level feature layout channel is defined to extend along an
entire length of its corresponding gate electrode track. Thus, each gate level feature layout
channel is defined to extend across the gate level layout within the portion of the chip to which
30  the gate level layout is associated.
[0049] Within the restricted gate level layout architecture, gate level features associated with a
given gate electrode track are defined within the gate level feature layout channel associated

with the given gate electrode track. A contiguous gate level feature can include both a portion



[ 0046] As nentioned above, the XOR 300 and XNOR 200 circuits of the present
i nvention can be inplenented in a restricted gate |evel |ayout architecture
wi t hin a worbines8 a sem conductor chip. For the gate PevaiS2o1@/osssber of
parallel virtual lines are defined to extendacross the |ayout. These
parallel virtual lines are referred to gs gate el ectrode tracks, as they
are used to index placenent of gate el ectrodes of various transistors

within the | I n on odj. ne t he rall rt lin which form
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channel ddgacei@f dafe tbvaibiayibutachghned) ARt il I%Hy@fé@l S iSProddite@ beXiRAthate
bet ween gate el ectrode tracks adjacent to iven gate el ectrode track.

For ex arhaveé [feajatiee drsﬁméi inf gafe devel ﬁmatlamﬁhmrelsmmam asprcenierh WA ®igcent e
defl ectrode tracks 40l A through 401 E, respectively. It
shou ? %B:&Eégg%%a % hat each gate el ectrode track has a correspondi ng

gat e | eobsTeagueetB syout the kaamplary Alseleted @dte gAkElgbeCiticke tiré € K$gure 4A
positioned adjacent to an edge of a prescribed I%yout space, e.g., adjacent

to a celWithauwawey of e%r‘énlelw%fb&ﬁwa frgtuies 409-2befined: thersin, 4y aeaordanga nath
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prescrlbe yout space, as | 'Ustrated® y gate eve ature | ayout
channel Sle‘(E(DIféathreﬂmj'odiOtlﬁnhel 11 AsHoadsdcibted fwith hpate eleckesdst oack BObA. &aclpagat e
| eV%I tcl‘cjrlege lpg%ioolrjlg o% rg]?t@ rlevel Ifgaturefél!ogeage tsu s(taa)ﬁtuglrl]}(fjI cg'rltgrgg u%gn the gate electrode
track 401A. Also, the non-gate electrode portions of gate level feature 409 maintain design rule
spacing requirements with gate level features 411 and 413 defined within adjacent gate level
feature layout channel 401B-1. Similarly, gate level features 411-423 are defined within their
respective gate level feature layout channel, and have their gate electrode portions substantially
25 centered upon the gate electrode track corresponding to their respective gate level feature
layout channel. Also, it should be appreciated that each of gate level features 411-423
maintains design rule spacing requirements with gate level features defined within adjacent
gate level feature layout channels, and avoids physical contact with any another gate level
feature defined within adjacent gate level feature layout channels.
30 [0052] A gate electrode corresponds to a portion of a respective gate level feature that extends
over a diffusion region, wherein the respective gate level feature is defined in its entirety

within a gate level feature layout channel. Each gate level feature is defined within its gate

level feature layout channel without physically contacting another gate level feature defined



entire length of its corresponding gate el ectrode track. Thus, each gate
| evel feature | ayout channel is defined to extend across the gate | evel
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gate | evel feature l'ayout channel, ve their gate el ectrode portions
subst antdealcky Others of the gate level features can form conductive segments extending between two

20  points within the gate level. Also, others of the gate level features may be non-functional with
respect to integrated circuit operation. It should be understood that the each of the gate level
features, regardless of function, is defined to extend across the gate level within their
respective gate level feature layout channels without physically contacting other gate level
features defined with adjacent gate level feature layout channels.

25 [0055] In one embodiment, the gate level features are defined to provide a finite number of
controlled layout shape-to-shape lithographic interactions which can be accurately predicted
and optimized for in manufacturing and design processes. In this embodiment, the gate level
features are defined to avoid layout shape-to-shape spatial relationships which would introduce
adverse lithographic interaction within the layout that cannot be accurately predicted and

30  mitigated with high probability. However, it should be understood that changes in direction of
gate level features within their gate level layout channels are acceptable when corresponding

lithographic interactions are predictable and manageable.



centered upon the gate electrode track corresponding to their respective
gate |l evel feature layout channel. Also, it should be appreciated that each
of gate |Iwoebideeat38dres 411-423 mai ntai ns design rul e sp&Cirng201eq8icsenment s
with gate | evel features defined within adjacent gate | evel feature | ayout
channel s, and avoi ds physical contact wgdh any another gate |level feature
defined within adjacent gate |evel feature |ayout channels. [0052] A gate

el ectro rres s tg a rtion of re ctjve gate | eyel feature that
oyt ondo 108 L SERATER bilerRiaB ik eiCht P’ ERERTEL i, SRt STRh Gt s
i's definRentd shélﬁtlﬁﬂhbé@fte}’ 1&Wet bé:afhr_@ alsHe€a |gi3s)éﬂ| %Jt@éle'éfrsdé axaY s %ﬁfgﬂ%d toEach
gate level feature is defined wthin its gate Tevel feature | ayout channel

Wi t hout qenpesit daleetly sathirathei gade tavet weanqilarezateeleat] fearra definpdf dlprginidifigrantan

adj oi ni n te |level feature | ut channel. i1 ussrated the npl e
gat o | vt PiSrl ik SRRICLORIRKS, GIRNE i Totino RO B, By, MR

gat e 5l evelwdepapute eleh@ly edaturenandiedrei plaesis gihat afiffwiehi gategleveln 1gaue cahgely ode
track and corresponds to aat_:e?%out region_that extends along the given gate

el ect r oStk Wathadigerepb gate ciiecaiody togkwndy mafe tagesh 6ppesimRye dioredts ek r om
the giv atgl%g,evﬁhc%ch{agdﬁe tdéﬁﬁé& §P hz%h%lr %t%fjp%nf?éct elké;aé%fi.@,” tﬁgﬁ@c%ﬂé HaBre
a e ayout

el ectrode track or irtual gate ectro track oltside a

boundar yinte[d0b&} 1Seiveatgat ehd gatelleviek atr byegayraf/ ldealviatepecmmnect fantnes aoot delbwhead
portions, defined at any number of |ocations along their length. A contact
head porth &Heltveh given gate level feature is defined as a segment of the

gat gl evgos7gathsdd MRViRErfode i thaaRdrR 3vh dhh RNoRUIDHH ks shd Baylolts, as
receive a gate contact structure, wherein "wdth" is defined across the

subst r atdsdlased hdiairecan be spesdhanditangitde form, tsheh gairea aligtd foumt tonackompputethe

iven gate el .feature, an erein "hej Loisadefin r t he
Jubet r atesiehenSeringE b FpdPle 1 o5 18 ShEROR I TPl TNEH I ciffispven
gat e | evécldse@hbiieth cantbeSdierel th B 3RPIRE Figt BbrehRtmde cOIN, agibcthigadroaf ofe gat e
| evel feature, when viewed from above, can be defined by essentially any

| ayout gheigelibrpigs| oldrelly. dhsdarews dsta flo ean Andpanatimdsy, a ddperddi(Geppbie Pajrout

requizr e i I eui i ive nt.ac ti f

ovdr £ osrismu st it SR 00 At SRR AC AP oE F e Bt Bos
A gate |@vly @herttype vadhUsle ohnddi stinbls foi soling add Remdhmidasing 8tni@dd@&son
restricted gate | evel, as discussed above. Sone of the ]ﬁate | evel features

f or m gatdeVisF dbiortd 8o therpafidpeal dpyonis\at s X OB 3} andar XN@RN01ceijpsan be
a0 O SR LB SRR ST S
non- f uncahé taredr seititbndestpe dévitocimbleg batseded i thei form péraalayout. datd fikheudhdasbe
undeirost otggsetigéar;tﬁﬁte %bgvzaf:(?h of the gate |evel
[0058] Also, the invention described herein can be embodied as computer readable code on a
computer readable medium. For example, the computer readable code can include the layout
data file within which the XOR 300 and/or XNOR 200 circuit layouts are stored. The computer
readable code can also include program instructions for selecting one or more layout libraries
25  and/or cells that include the XOR 300 and/or XNOR 200 circuit layouts. The layout libraries
and/or cells can also be stored in a digital format on a computer readable medium.
[0059] The computer readable medium mentioned herein is any data storage device that can
store data which can thereafter be read by a computer system. Examples of the computer
readable medium include hard drives, network attached storage (NAS), read-only memory,
30  random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and
non-optical data storage devices. The computer readable medium can also be distributed over a

network of coupled computer systems so that the computer readable code is stored and

executed in a distributed fashion.



features, regardless of function, is defined to extend across the gate
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| ayout datthodsi dae beguadesses by one or more machines or processors that can be connected over a
20  network. Each machine can transform data from one state or thing to another, and can also
process data, save data to storage, transmit data over a network, display the result, or
communicate the result to another machine.
[0062] It should be further understood that the XOR 300 and XNOR 200 circuits and layouts
as disclosed herein can be manufactured as part of a semiconductor device or chip. In the
25  fabrication of semiconductor devices such as integrated circuits, memory cells, and the like, a
series of manufacturing operations are performed to define features on a semiconductor wafer.
The wafer includes integrated circuit devices in the form of multi-level structures defined on a
silicon substrate. At a substrate level, transistor devices with diffusion regions are formed. In
subsequent levels, interconnect metallization lines are patterned and electrically connected to
30  the transistor devices to define a desired integrated circuit device. Also, patterned conductive
layers are insulated from other conductive layers by dielectric materials.

[0063] While this invention has been described in terms of several embodiments, it will be

appreciated that those skilled in the art upon reading the preceding specifications and studying



those identified above. [0058] Also, the invention described herein can be
enbodi ed as conputer readable code on a conputer readable nmedium For

exanpl e, wheononps8er readabl e code can include the | ayear/usatia/oBicse wi t hin
whi ch the XOR 300 and/or XNOR 200 circuit layouts are stored. The conputer
readabl e code can al so include programigstructions for selecting one or
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readabl e medi um can al so be distributed over a network of coupled conputer
systens so that the conputer readable code is stored and executed in a

di stributed fashion.[0060] Any of the operations described herein that form
part of the invention are useful machine operations. The invention also
relates to a device or an apparatus for perform ng these operations. The
apparatus may be specially constructed for the required purpose, such as a
speci al purpose conputer. When defined as a special purpose conmputer, the
conputer can al so perform ot her processing, program execution or routines
that are not part of the special purpose, while still being capabl e of
operating for the special purpose. Alternatively, the operations may be
processed by a general purpose conputer selectively activated or configured
by one or nore conputer prograns stored in the conputer nenory, cache, or
obt ai ned over a network. Wen data is obtained over a network the data
maybe processed by ot her conputers on the network, e.g., a cloud of
conputing resources. [0061] The enbodi nents of the present invention can

al so be defined as a machine that transforns data fromone state to anot her
state. The data nmay represent an article, that can be represented as an

el ectronic signal and el ectronically mani pul ate data. The transfornmed data
can, in sone cases, be visually depicted on a display, representing the
physi cal object that results fromthe transformation of data. The
transforned data can be saved to storage generally, or in particular
formats that enable the construction or depiction of a physical and
tangi bl e
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CLAIMS

1 A circuit, comprising:

afirst input node;

a second input node;

acommon node;

a pass gate connected to be controlled by alogic state present at the second input node,
the pass gate connected to pass through a version of alogic state present at the first input node
to the common node when controlled to transmit by the logic state present at the second input
node;

a transmission gate connected to be controlled by the logic state present at the first
input node, the transmission gate connected to pass through a version of the logic state present
at the second input node to the common node when controlled to transmit by the logic state
present at the first input node; and

pullup logic connected to be controlled by both the logic state present at the first input
node and the logic state present at the second input node, the pullup logic connected to drive a
state present at the common node when both the logic state present at the first input node and

the logic state present at the second input node are high.

2. The circuit as recited in claim 1, further comprising:

afirst input inverter having an input connected to the first input node and an output
connected to the pass gate; and

a second input inverter having an input connected to the second input node and an
output connected to the transmission gate.

3. The circuit as recited in claim 2, wherein the pass gate is defined as an NMOS
transistor having a gate connected to the output of the second input inverter such that an
inverted version of the logic state present at the second input node is received at the gate of
the NMOS transistor, and
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wherein the NMOS transistor has a first terminal connected to the output of the first

input inverter and a second terminal connected to the common node.

4, The circuit as recited in claim 3, wherein the NMOS transistor is connected to
transmit when the logic state at the second input node is low, such that the logic state at the

common node is opposite the logic state at the first input node.

5. The circuit asrecited in claim 2, wherein the transmission gate is defined by an
NMOS transistor and a PMOS transistor which each has a respective first terminal connected
to the output of the second input inverter, and which each has a respective second terminal
connected to the common node, and

wherein the PMOS transistor has a gate connected to the first input node, and wherein

the NMOS transistor has a gate connected to the output of the first input inverter.

6. The circuit as recited in clam 5, wherein both the PMOS and NMOS
transistors are connected to transmit when the logic state at the first input node is low, such

that the logic state at the common node is opposite the logic state at the second input node.

7. The circuit as recited in claim 2, wherein the pullup logic is defined by a first
PMOS transistor and a second PMOS transistor, wherein the first and second PMOS

transistors are serially connected between a power supply and the common node.

8. The circuit as recited in claim 7, wherein a gate of the first PMOS transistor is
connected to the output of the second input inverter, and wherein a gate of the second PMOS

transistor is connected to the output of the first input inverter.

9. The circuit as recited in claim 7, wherein a gate of the first PMOS transistor is
connected to the output of the first input inverter, and wherein a gate of the second PMOS

transistor is connected to the output of the second input inverter.
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10.  The circuit as recited in clam 7, wherein both the first and second PMOS
transistors are connected to transmit when the logic states at the first and second input nodes

are both high, such that the logic state at the common node is driven high.

11. The circuit as recited in clam 1, wherein the circuit is defined within a

semiconductor chip.

12.  Anexclusive-or logic circuit layout, comprising:

six PMOS transistors; and

five NMOS transistors,

wherein the five NMOS transistors are respectively paired with five of the six PMOS
transistors such that each pair of NMOS and PMOS transistors is defined to share a
contiguous gate electrode structure placed along a respective one of five gate el ectrode tracks,

wherein a sixth of the six PMOS transistors is defined by a gate electrode structure
placed along a sixth gate electrode track, such that the sixth PMOS transistor does not share
the sixth gate electrode track with another transistor within the exclusive-or logic circuit
layout, and

wherein the six gate el ectrode tracks are oriented parallel to each other.

13. The exclusive-or logic circuit layout as recited in clam 12, wherein the
exclusive-or logic circuit layout is devoid of co-linearly placed gate electrodes having an end-

to-end spacing therebetween.

14.  The exclusive-or logic circuit layout as recited in claim 12, wherein each gate
electrode structure is defined as a linear structure having a substantially rectangular cross-

section when viewed in an as-drawn state.

15.  The exclusive-or logic circuit layout as recited in claim 12, wherein the six

gate electrode tracks are equally spaced apart.
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16. The exclusive-or logic circuit layout as recited in clam 12, wherein the
exclusive-or logic circuit layout is recorded in a digital format on a computer readable

medium.

17.  The exclusive-or logic circuit layout as recited in claim 16, wherein the digital
format is a data file format for storing and communicating one or more semiconductor device

layouts.

18. The exclusive-or logic circuit layout as recited in clam 16, wherein the
computer readable medium includes program instructions for accessing and retrieving the

exclusive-or logic circuit layout in the digital format from the computer readable medium.

19. The exclusive-or logic circuit layout as recited in clam 18, wherein the
program instructions for accessing and retrieving include program instructions for selecting a
library, a cell, or both library and cell including the exclusive-or logic circuit layout in the
digital format.

20.  Thecircuit asrecited in claim 1, further comprising:
an output inverter having an input connected to the common node, the output inverter

also having an output connected to an output node of the circuit.

21. A circuit, comprising:

five PMOS transistors; and

four NMOS transistors,

wherein the four NMOS transistors are respectively paired with four of the five PMOS
transistors such that each of the four pairs of NMOS and PMOS transistors is formed from a
different one of four contiguous gate electrode structures,

wherein a fifth of the five PMOS transistors is formed from a first single-transistor

gate electrode structure that forms only one transistor device,
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wherein each of the four contiguous gate electrode structures and the first single-
transistor gate electrode structure are oriented parallel to each other,

wherein afirst of the four NMOS transistors and a first of the five PMOS transistors
forms a first pair of the four pairs of NMOS and PMOS transistors and forms a first input
inverter of the circuit, and

wherein a second of the four NMOS transistors and a second of the five PMOS
transistors forms a second pair of the four pairs of NMOS and PMOS transistors and forms a
second input inverter of the circuit.

22.  Thecircuit as recited in claim 21, wherein the circuit is devoid of co-linearly

placed gate electrode structures having and end-to-end spacing therebetween.

23.  The circuit as recited in claim 21, wherein each of the four contiguous gate
electrode structures and the first single-transistor gate electrode structure is defined as a

respective linear-shaped structure.

24.  The circuit as recited in claim 21, wherein each of the four contiguous gate
electrode structures and the first single-transistor gate electrode structure is placed in

accordance with afixed centerline pitch.

25.  The circuit as recited in claim 21, wherein the circuit is defined as part of an

exclusive-or logic function circuit.

26. The circuit as recited in claim 21, wherein a third NMOS transistor of the four
NMQOS transistors and a third PMOS transistor of the five PMOS transistors forms a

transmission gate connected to the second input inverter.

27. The circuit as recited in claim 26, wherein a fourth NMOS transistor of the

four NMOS transistors forms a pass gate connected to the first input inverter.
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28.  Thecircuit asrecited in claim 27, wherein a fourth PMOS transistor of the five
PMOS transistors and a fifth PMOS transistor of the five PMOS transistors forms pullup logic

connected to outputs of both the pass gate and the transmission gate.

29.  Thecircuit asrecited in claim 28, further comprising:

asixth PMOS transistor; and

afifth NMOS transistor,

wherein both the sixth PMOS transistor and fifth NMOS transistor are formed by a

fifth contiguous gate electrode structure.

30.  The circuit as recited in clam 29, wherein the fifth contiguous gate electrode
structure is oriented parallel to each of the four contiguous gate electrode structures and the

first single-transistor gate electrode structure.

3L The circuit as recited in clam 29, wherein the sixth PMOS transistor and the
fifth NMOS transistor form an output inverter having an input connected to outputs of each of

the transmission gate, the pass gate, and the pullup logic.



