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>:ncodcr Field PCT/US99/17041 i~~~~amar The present invcntron relates to
circuits, and snore partrcularly, to priority encoder circuits. Background
Priority encoders provide signals indicative of the lording one (" l") or
zero ("0") in a binary word. Usually, a priority encoder will have as many
output lines as the length or number of bits in a binary word, and the
voltages on the output lines indicate the leading one or zero in tl~~
binary word. For example) a priority encoder to indicate the leading one in
an S-bit word may have ei`ht output lines in which at most one output line
has a HIGH voltage (the others arc at a LOW voltage), where the one output
Irnc wrth a HIGH voltage indicates the position of the lcadrn; one. Within
a priority encoder circuit, there may be one or more groups (or stacks) of
serially connected transistors which bring various nodes to a LOW (ground)
voltage) depending upon the bit values of the word. To dischar~~c (or pull
down) a node to LOW, a transistor stack provides a conducting path between
the node and ;round. An output circuit coupled to these nodes may then
provide the necessary si?nals indicating the Icadinb zero or one in the
word. In a domino (or dynamic) type priority encoder circuit, the nodes are
cf~ar~ed (or pulled up) to a HIGH volta5e during a pre-charge state or
phase of a clock signal, and then some or all of the nodes arc discharged
by various transistor stacks during an evaluation state or phase of the
clock signal. The speed at which a domino priority encoder can operate may
be limited by the speed at which the various nodes can be discharged. For a
given technology, this speed may be increased (i.e., discharge time is
decreased) if the stack depths of the transistors (i.e., the number of
serially connected transistors in a conducting path between a node and
ground) are reduced. For a static type priority encoder circuit, it also
may be desirable to reduce the stack depths to increase speed. .Also, for
CMOS (Complementary Metal Oxide Semiconductor) technology) reducing stack
depths may be desirable due to the so-called body effect. nr~~~~wn   0 5 F
E B 2003 wo oo/os5a9 PCT/US99/17041 Therefore, it is desirable to reduce
the transistor stack depths in priority encoder CIICUIIS. l3ricf
Description of the Dr-:r~ing Fig. 1 is an embodiment of a dynamic type
broken stack priority encoder. Fig. 2 is an embodiment of a static type
broken stack priority encoder. Detailed Description of rrnhodiment-s We
begin with terminology. The two-element Boolean algebra is relevant to
switching circuits. For any point in a circuit) the term LOW will denote a
set of voltages that map into one of the two Boolean elements, and the term
f-IIGH will denote a set of voltages that rnap into the other of the two
Boolean elements. The particular range of voltages that map Into the
Boolean elements depends upon the technology used) and may be different for
different parts of a single circuit. 'ro avoid dealing with set
terminology) we shall say that a voltage is LOW (HIGI l) if it belongs to
the set LOW (HIGH). We also follow the convention that for any given node
within a circuit) LOW voltages arc less than HIGH voltages. For the
particular embodiments described herein, we shall incur a slight (but
usual) abuse of notation by allowing the terms I-I1GI-I and LOW) which have
been defined as voltages, to do double duty, so that HIGH and LOW also
represent the two Boolean elements of the two-element Boolean algebra. It
will be clear from context when I-IIGI-f or LOW represent a voltage or a
Boolean element. It is customary to identify HIGH with the identity clement
for the binary Boolean operation ANU and to identify LOW with the identity
clement for the binary Boolean operation OR) and this custom is followed
here. Such an identification is pedagogically useful, but arbitrary) and it
should be appreciated that the present invention is not limited by this
particular identification of voltages with Boolean elements. Let an 8-bit
word W be expressed as ~B~ Bb ~ ~ ~ B ~ where ~~ is the ith bit of 



word W. ~~ and B are, respectively) the most significant bit and the least
signiFicant bit of word W. We incur another slight abuse of notation and
let B~ also denote a voltage and Boolean element) and without loss of
generality we take B~ to be HIGH if the ith bit   0 5 F E 8 2003 CVO
00/08549 PCT/U599/17041 of word 1V is 1 and to be LOW if the ith bit of
word 1~ is 0. The term "word" is not to be confused with the wordlength of
a computer system. Here, a word simply refers to a binary tuplc. Shown in
Fij. I is an embodiment priority encoder lUU for word W. The output of Pig.
1 is the set 1L' r~ ' ~ ~ ~ r, ~ , where an ~~ represents either a voltage
or a Boolean element, depending upon context. In Fig. 1, a set of values
such that L', = LOW for a11 r ~ ~ and ~~ = HIGH indicates that the lcacling
zero of word Iii is the bit ~~ . If ~~ = LOW for all i, then word 1V has no
leadrn; zero, i.e., all the bits for W are ones. Ln FiS. l, ~I , `1~ , and
~= represent voltabes or Booican elements, depending upon context. As
voltages, they represent gate voltages for nI~~IOSFCTs (n-Metal Oxide
Semiconductor Frcld Effect Transistor) 114, llfi, and 118, respectively.
When considered as Boolean elements, `~ , `I~ , and A'- arc given by the
Boolean expressions ~o=po'pi A~ = p: ' ~s ' Ba ~y=r~sa6a, where  denotes
logical (Boolean) AND. In Fig. 1, domino gates l22, 124, and 12G are used
to provide: A~~ , ~~ , and ~= , although other types of logic ;arcs may be
employed. A set of S nodes ~N' N~' ~~~ N, l is labeled in Fi~,. 1. In
addition to being a label) the symbol N~ is also used to indicate the
voltaic or Boolean value of node N% , depending upon context. When clock
signal CLK is LOW ( ass or ground), pMOSFETs 102 are ON and nMOSFET I03 is
OFF, so that all nodes arc charged (pulled up) to HIGH (~~ ). This is the
pre-charge state (phase). The evaluation state (phase) is characterized by
CLK being HIGI-i. During an evaluation phase) pMOSFETs 1U2 are OFF and
nMOSFET 103 is ON, causing some of the nodes to be pulled down to LOW
depending upon the values for p~ ~ r ` U, 1, "~ 7 The gates of nMOSFETs
10a, 10G, 108, 11U, and I12 are at voltages B~ , i = I, 3) 4, 6, and 7,
respectively, and the gates of nMOSFETs l14) 11G, and 118 are at 3   0 5
FEB 2003 



w0 a0~o8sa9 PCT/US99/17041 voltages '`S~ , i = 0) I, and 2) respectively.
During an evaluation phase, it can be seen Crom Fib. 1 that the value for
node N' expressed in tcnns of the bit values ~', , i - 0, l, ... 7, is
given by rV, =~y where the over-bar denotes Boolean complement and the
product indicates the Boolean lIND operation. The about expression assumes
that a node, if not discharged to ground via a conductinb path of
transistors, will hold its charge during the evaluation phase. This
assumption depends upon the capacitance of a node and the switching
frequency of CLK. If needed) in some embodiments half-keepers may be
employed at the Modes to keep them charged I-IIGH if they are not
discharged to ~~rourid potential via a conducting path of transistors. Note
that in Fig. I the path from any node to ground (not counting nMOSFET 103)
is only three transistors. It is desirable to keep these paths as small as
possible because the discharge time for any node is dependent upon the
nurnbcr of serially connected transistors discharging the node to ground.
In a sense, the stack of transistors 10-1, 10<, 108, 110, and x12 is
"broken" at nodes N~ , r = 0. 2, and 5, so that some or all of transistors
114) 11G, and 118 provide a bypass path between these nodes and ground.
Hence the name "broken stack" priority encoder. The outputs E' , i = 0, l,
... G, are indicative of the node voltages via logic bates 120. In terms of
node Boolean values, the values for '~~ arc given by E, = N, . In terms of
the Boolean or bit inputs ~B' B6 "' po~, the ~~ are given by
E,=~I3~~l3A,i~7, m,. i E, = B, . 4   0 5 FEB z003 wo ooioasa9 PCT/US99/170a
1 The abo~~e two $oolean expressions are equivalent to the statement that
Ex = HIGH if and only if ~~ = LOW and ~~~~, ~A+'-,"'p~, are a11 HIGH.
1'hcrcforc) the embodiment of Fig. 1 is seen to be a priority encoder. An
entire class of embodiments for any word ~l~ of arbitrary word length N+1,
denoted by ~B" pN-~ "' Bo ~ , may be described as follows. Choose a set I
of Iv'+ 1 integers ~ - 1"0 , ~I~ , ...,J~ ~,,vith "~ ~ 1 such that Dcfinc
the !~'+2 sums Sr , k = U, 1, Note that s~~ = N + 1 A' ~Il, =N+1. a=0 



.. h'+1) as r-~ Sr =~n~, k >U. ~=U S~ = O. Partition the set of ordered
integers {0) l , ... N) into K+I disjoint sets fk , k = 0, 1) ... h) of
ordered intcbcrs where ~~ - ~5,~ , (SA + I), .. (S~.I t)~ Note that the
number of elements in the set ~~ is "A , Label the elements in IA , from
left to right, as ~A {il.' = 0, 1) ~~~ (nA - I) , Define a set of h'+1
values (Boolean or voltage) ~A~, '4~ , ... A~ ~ where AA = ~ 13. ,Er, Note
that Ar is the logical AND of "~ terms. Using the above formalism, an
embodiment can now be described as follows for any chosen integer set 1.
There are N+1 nodes ~N~ ~ N' , ' " N," ~ , a by-pass stack of K+1 nMOSFETs
connected in series, and a broken stack of (N - h~ nMOSFETs. The broken
stack comprises K+1 groups G~ ~'~ ` 0, 1 "' K, of serially connected
nMOSFETs. Group G~ comprises "~ -1 serially connected nMOSFETs labeled as 5
0 5 FE8 2003 WO OO/OS~-l9 PCT/US99/1 i0a1 GA (' ],' - 1, ~, "' ("~ - I) .
The gate voltage of nMOSFET GA ['] is prt~~'t , where to avoid subscripts
with subscripts we have set f [~ , r ] - Ir (l ] . (This last statement may
perhaps be more easrly visualized by noon? that deleting bits f'~'' = So,
S, , "' S~ , from tf~~ word bV = ~Bw '~N-~ "' ~'~ ~ yields a vector whose
values arc the gate voltages of the nIvIOSFETs in the broken stack.) The
drain of nMOSFET G~ ['] is connected to (or defines) node Nrt~~'t. Label
the h'+l nMOSFETs in the by-pass stack as f-I(k ], ~ = 0) 1) ~ ~ ~ K . The
gate voltage of nMOSFET ~l (~ ] is ~~~ , the drain of nMOSFET tf [~ ]
defines node Nrt~,oi , and the source of nMOSFET Ff [k ~ is connected to
the source of nMOSFET GA ("~ - l] . To continue the description of the
above embodrrnent for the chosen integer set f, an pMOSFET is connected to
each node and has a gate controlled by a clocl; signal CLK, and an nMOSFET
is connected to the source of C~'['r~' ` 1] and has a gate controlled by
the clock signal CLK. There are N output circuits C, ~ i = 0, I, ~ ~ ~ ( N
- I) each havins an output voltage L, , r = 0, 1) ~ ~ ~ (N - 1) . Each
output circuit C~ has two inputs Jabelcd as C(0) and C,(1) havinj voltages
C~(0~ and C~[1], respectively. (~l~atn, our notation is performing a double
duty.) For any output circuit C, , i = 0) 1. ~ ~ ~ ( N - I) , its output
voltage is given by ~~ - C (0]  C' ( 1] , input C, [0] is connected to node
N~ , and input C~ [ 1~ is connected to node N,~ . The embodiment also has
an output voltage E~N defined as the output voltage of node NN . In terms
of the Boolean or bit inputs ~p' B~ "' Bo~, it can be shown that the '~~
are given by N N E,=~BA~I3~,i~N, t-,.i EN = l3N . 6   0 5 FEB 2003 W O
OOi085a9 PCT/US99/17041 The above two Boolean expressions are equivalent to
the statement that ~~ = HIGH if and only if p~ = LOW and Bk+i  Bk+'- >"' BN
~ are all HIGI-I. Therefore, the above 



formalism describes a priority encoder. An optimum integer set can be
defined as that inte~~cr set which nunimizes a cost function. One
particular cost function is the maximum stack depth of transistors
connecting each node to bround) including the number of terms in each
expression for `~~ . Poi simplicity, we do not include any clocked
transistors in the stack depth. Including in a cost function the number of
terms in cacti Boolean expression for ~~ is warranted if these volta~cs ate
obtained by domino logic ~atcs pcrfonning logical ANDS applied to the
appropriate terms ~~ , for then the number of such tctTns is indicative of
the stack depth of such domino logic gates used to obtain ~~ . Such a cost
function C(I ) is obtained as follows The stack depth for nodes f l~rrn ~ i
, i = I , 2, . . . ("A - 1 ); k = 0, l , . . . h'~ is (~r ~ - i ~. ~,' - ,~
) , The stack depth for nodes ~N'ik.oi , ~ = 0. 1) ~ ~ ~ h'~ is ( h' + I -
~ ) . Note, however, that the maximum stack depth for the nodes ~NriA."i, ~
= 0, 1, ~ " K} is clearly ~ + I , the total number of nIvIOSFETs in the
by-pass stash. The number of tcrrn.~ in the Boolean expression for A' is
'~~ . Thus, we can write a cost function as (h'+l), yt~,k=O.l,...h'}, C(J)
= max ~(rr~ -i + h' - k),i = 1, ?, ... (n~ -1); k = 0, 1, ... h~ Then,
given N) a particular optimum integer set is a set l - ~"' "' ' '" n~ with
"~ ~ 1 K ~n~ = N+1 where ~=o such that C(I) = minC(J) The above integer set
is the so-called "min-max" solution. It can be verified that for a word
length of 8 (i.e., N = 7}, the min-max integer set for the above cost
criterion or 7   0 5 FEB 2003 WO 00/OSSd9 PCT/US99/17041 Function is unidue
and is ~ ' l ' 3, 3~ , which is the inte;cr set for the emhodiment of Ft~.
1. Other cost functions may be chosen. For example:, if the voltages ~~ arc
obtained by circuits in which the stack depths are relatively small, then
the following cost function may be of utilrty: C(I ) = max~(h'+ 1), ~(rr,
-i + h'- k),i = 1, 2, ... (~~~ - 1); ~ = 0, l) ... ~'~] Other cost
functions may be based upon an average stacJ; depth) rather than the
maximum stack depth. The average may weight the stack cJ~pti~s according to
a weighting factor if there is a priori infor7nation that sonic nocl~s ~irc
more likely to be dischar5cd than others. The min-max approach may he tf~~
tt~ore conservative approach, but clearly many cost functions may be
utilized. It should be noted that if the integer set is chosen such flat "~
= 1 for all i = 0, 1) ~ ~ ~ h' , then f~ = N , the resulting priority
encoder cl~~cnerates to the cast in which there is only one stack (one
by-pass stack and no broken stack, excluding any stacks to obtain ~~ ), and
the stack depth for node N~ is ~V + 1 , Thus, for there to be a broken
stack, there should be at (cast one integer "~ in the integer set for which
r'~ ~ 1. Several priority encoder embodiments as dcscrtbed herein may be
combined together rnto a single priority encoder for handling lar~;c word
lcn~ti~s. hor example, for a 6~-bit word, four priority encoders for N = ~
as described herein may be used to encode eight 8-bit blocks of the 64-bit
word in a parallel fashion. Relatively simple logic gates may be employed
to indicate the leading one or zero of the 64-bit word based upon the
outputs from the N = ? priority encoders. 



Various modifications may be made to the above disclosed embodiments. For
example, clocked nMOSFETs may not be needed if the gate voltages arc
obtained from other domino logic gates in which inverters are used between
the domino logic gates and the priority encoder, for then all gate voltages
will be LOW during the pre-charge phase. In this case, the source of the
last transistor in the broken stack is connected to ground. On the other
hand, if the voltages ~~ are not obtained via domino logic gates) s   0 5
FEB 2003 wo oo/ossa9 PCT/U S 99/ i 7041 then a clocked nMOSFET may be
needed at the source of the last transistor in the by paSS Stack. It should
be appreciated that the embodiments described above are of the domino (or
dynamic) type, in that various nodes are pre-ci~ai~ed (pulled up) HIGH
before possibly being dischar~cd (pulled down) by stacks of serially
connected transistors. However, other cmbodirncnts may include static type
(dual-rail) circuits. In the static case, the clocked transistors arc not
needed, and for each relevant node one or more pMOSFETs ar c connected in
parallel to pull up tl~e node I-IIGI-1 when any of the pMOSFETs arc ON.
Whereas in the dynamic case all relevant nodes arc pulled up HIGH during a
pre-charge phase and a subset of the relevant nodes is pulled down LOW
during an evaluation phase, in the static case all relevant nodes are
either LOW or HIGH (after some settling or delay time interval) depending
upon the current gate voltages of the various nMOSFETs and pMOSI'E'I's. To
avoid cumbersome terminology, we shall say that a stack of nMOSFETs pulls
down a node LOW if the stack brings the node voltage from 1-iIGH to LOW,
or) if it keeps the mode LOW if the node is already LOW. A similar
statement applies to pMOSFETs that pull up (or lcecp) a node HIGH. A static
embodiment is easily obtained by modifyin5 a dynamic embodiment as follows.
Retnove a11 clocked pIvlOSF'ETs and all clocked nrilOSF)rTs from the
dynamic embodiment, where transistor sources that ~~~ere connected to a
clocked nMOSFET arc now connected to ground. For each N~ connected to a
transistor stack of depth ~i) add rr pMOSFETs, each with a drain connected
to N' and a source connected to a HIGH voltage source, where each pMOSFET
belonging to the added pMOSFETs has a gate connected to one and only one of
the gates of the nMOSFLTs within the transistor stack for N~ . An example
of a static priority Pncoder corresponding to the dynamic priority encoder
of Fig. 1 is provided in Fig. 3, where corresponding elements in Figs. 1
and 2 have the same label. Fig. 2 is similar to Fig. 1, except that the
source of nMOSFET 112 is connected to ground) all clocked transistors are
deleted) and pullup pMOSFE1's have been added as explained above. 9   0 5
FEB Z003 wo ooioas49 PCT/US99/17041 It should also be appreciated that
other embodiments may include technology other than CIvIOS. For example,
other types of IGFETs (Insulated Gate Field Effect Transistor), or FETs
(Field Effect Transistors), may be employed instead of the n~IOSFETs and
pIvIOSFETs described above. More ticnerally, other types of transistors)
such a5 bipolar' transistors, may be employed instead of the nMOSFETs and
pMOS FETs. In other crnbodimcnts, the outputs E~ may be complemented, in
which case a LOW output signal provides information indicative of the
leading zero bit. Funlrermore) any Ieadin? zero priority encoder is easily
converted into a leading one priority encoder by complementing the word 6V.
Therefore, the term priority encoder encompasses circurts which provide
output signals indicatrve of either the leading one or leading zero of a
word. Consequently, it is cle,>r that many modification may be made to the
embodiments described herein without departing from the scope of the
invention as 



claimed below. 10   0 5 FEB 2003 What is claimed is: 1. A priority encoder
comprising: a by-pass stack comprising first, second, and third nMOSFETs; a
broken stack of nMOSFETs comprising first, second, and third groups,
wherein: the first group comprises an nMOSFET having a source coupled to
the source of the first nMOSFET in the by-pass stack; the second group
comprises first arid second nMOSFETs serially coupled to each other, where
the second nMOSFET in the second group has a source coupled to the source
of the second nMOSFET in the by-pass stack; and the third group comprises
first and second nMOSFETs serially coupled to each other, where the second
nMOSFET in the third group has a source coupled to the source of the third
nMOSFET in the by-pass stack. 2. The priority encoder as set forth in claim
1, further comprising: an output circuit to provide at least one voltage
indicative of the leading zero of a binary word (B~ B~ . . . Bo) if the
gate voltage of the nMOSFET in the first group is indicative of B, ; the
gate voltage of the first nMOSFET in the second group is indicative of B3 ;
the gate voltage of the second nMOSFET in the second group is indicative of
B4 ; the gate voltage of the first nMOSFET in the third group is indicative
of B6 ; the gate voltage of the second nMOSFET in the third group is
indicative of B7 ; the gate voltage of the first nMOSFET in the by-pass
stack is indicative of the Boolean expression BoB, where  denotes logical
AND; the gate voltage of the second nMOSFET in the by-pass stack is
indicative of the Boolean expression BzB3B4 ; and the gate voltage of the
third nMOSFET in the by-pass stack is indicative of the Boolean expression
BSB6B~. 3. The priority encoder as set forth in claim 1, further
comprising: an output circuit to provide at least one voltage indicative of
the leading one of a binary word (B~ B6 . . . Ba) if   0 5 FEB 2003 the
gate voltage of the nMOSFET in the first group is indicative of B, ; the
gate voltage of the first nMOSFET in the second group is indicative of B3 ;
the gate voltage of the second nMOSFET in the second group is indicative of
B4 ; the gate voltage of the first nMOSFET in the third group is indicative
of B6 ; the gate voltage of the second nMOSFET in the third group is
indicative of B~ ; the gate voltage of the first nMOSFET in the by-pass
stack is indicative of the Boolean expression BoB, where  denotes logical
AND; the gate voltage of the second nMOSFET in the by-pass stack is
indicative of the Boolean expression BzB3B4 ; and the gate voltage of the
third nMOSFET in the by-pass stack is indicative of the Boolean expression
BSB6B7. 4. The priority encoder as set forth in claim 1, further
comprising: at least one clocked transistor to charge the drains of a11
said nMOSFETs to HIGH if a clock signal is in a first state, wherein, based
upon gate voltages of all said nMOSFETs, a subset of the drains of a11 said
nMOSFETs is discharged to LOW if the clock signal is in a second state
complementary to the first state. 



5. The priority encoder as set forth in claim 4, further comprising: an
output circuit to provide at least one voltage indicative of the leading
zero of a binary word (B~ B6 . . . Bo) if the clock signal is in the second
state; the gate voltage of the nMOSFET in the first group is indicative of
B, ; the gate voltage of the first nMOSFET in the second group is
indicative of B3 ; the gate voltage of the second nMOSFET in the second
group is indicative of Bq ; the gate voltage of the first nMOSFET in the
third group is indicative of B6 ; the gate voltage of the second nMOSFET in
the third group is indicative of B~ ; the gate voltage of the first nMOSFET
in the by-pass stack is indicative of the Boolean expression BoB, where
denotes logical AND; the gate voltage of the second nMOSFET in the by-pass
stack is indicative of the Boolean expression BzB3B4 ; and the gate voltage
of the third nMOSFET in the by-pass stack is indicative of the Boolean
expression BSB6B~. -12   0 5 FEB 2003 6. The priority encoder as set forth
in claim 4, ful-ther comprising; an output circuit to provide at least one
voltage indicative of the leading one of a binary word (B, B6. . . Bo) if
the clock signal 15 111 the second state; the gate voltage of the nMOSFET
in the first group is indicative of B, ; the gate voltage of the first
nMOSFET in the second group is indicative of B3 ; the gate voltage of the
second nMOSFET in the second group is indicative of B4 ; the gale voltage
of the first nMOSFET in the third group is indicative of B6 ; the gate
voltage of the second nMOSFET in the third group is indicative of B~ ; the
gate voltage of the first nMOSFET in the by-pass stack is indicative of the
Boolean expression BoB, where  denotes logical AND; the gate voltage of the
second nMOSFET in the by-pass stack is indicative of the Boolean expression
BZB3Bq ; and the gate voltage of the third nMOSFET in the by-pass stack is
indicative of the Boolean expression BSB6B~. 7. A priority encoder
comprising: a set {No, N,, . . . NN } of N+1 nodes; a by-pass stack of
serially connected K+1 IGFETs H[k], k=0, 1, . . . K; and a broken stack of
(N-K) IGFETs, the broken stack comprising K+1 groups Gk, k=0, 1 . . . K, of
serially connected IGFETs, each group Gk comprising n,, -1 serially
connected IGFETs G~, [1], i=l, 2, . . . (nk-1); wherein the integer set
I={n o, n,, . . , nA } and K are such that: n,?1 li ~,n,=N+1 x.o Vin, for
which n, >1; wherein for each k=0, 1, . . . IC; i=1, 2, . . . (nt~ -1), the
drain of IGFET Gk [i] is connected to node N,~,;,,~, where I[k,i]=h [i],
where I,, [i] is the i`'' element (counting from zero, left to right) of
the ordered set of n,, integers -13 



0 5 FEB 2003 li,=isr;~ (Si;+1)~ . . . (S,;+, -1)}, where S~, lc=0, 1, . . .
K+1, are such that .$, _~nJ, ~>0. ,.o So = 0: wherein for each lc=0, 1, . .
. K, the drain of IGFET H[lc] is connected to node N,lr,,~l, and the source
of IGFET H[lc] is connected to the source of IGFET G,, [n,, -1 ]. 8. The
priority encoder as set forth in claim 7, wherein the integer set I
minimizes a cost function. 9. The priority encoder as set forth in claim 8,
wherein the cost function is (I,'+1). {n,,k=0,1,...~~~, C(I) max ~(y-~+K-J;
),i=1,2,...(n1-1); ~=0,1,...i, 10. The priority encoder as set forth in
claim 7, further comprising: an output circuit to provide at least one
voltage indicative of the leading zero of a binary N+1 bit word (BN BN_, .
. . B~) if for each lc=0, 1, . . . K; i-1, 2, . . . (nA -1), the gate
voltage of nMOSFET Gk [i] is indicative of B~A,,I ; for each lc=0, 1, . . .
K, the gate voltage of nMOSFET H[lc] is indicative of Ak, where A1 = ~ 1~,
iEJ, where product denotes logical AND. -14   0 5 FE8 2003 11. The priority
encoder as set forth in claim 7, further C01111)1'lSlllg; an output circuit
to provide at least one voltage indicative of the leading one of a binary
N+1 bit word (BNB~,r-, . . . Bo) if for each k=0, 1, , . . K; i=1, 2, . , .
(nk -1 ), the gate voltage of nMOSFET G~, [i] is indicative of B,~~,,~ ;
for each k=0, 1, . , . K, the gate voltage of nMOSFET H[k] is indicative of
Ak, whey a AA =~B, per, where product denotes logic AND. 12. The priority
encoder as set forth in claim 7, further comprising: N output circuits C"
i=0, 1, . . . (N-1), each having a first input having voltage C, [0] arid a
second input having voltage C, [ 1 ], each output circuit C, having its
first input connected to node N, and its second input connected to node
N,+i to provide an output voltage indicative of C, [0]C, I~ where  denotes
logical AND and the over-bar denotes logical complement. 



13. The priority encoder as set forth in claim 12, wherein the integer set
I minimizes a cost function. 14. The priority encoder as set forth in claim
13, wherein the cost function is C(l)-m~ (A'+1). {n~,~=0.1,... f;~,
f(n~-i+h'-!`),i=1.2,...1n,-I): k=0,1,...K! 15. A priority encoder
comprising: a set {No, N,, . . . NN ) of N+1 nodes; K+1 transistors H[k],
k=0, 1, . . . K; and K+1 groups Gk, k=0, 1 . . . K, of transistors, each
group Gk comprising nk -1 transistors Gk [i], i=1, 2, . . . (nk -1); -15
0 5 F E 8 2003 when ein the integer set I= {n o, n,, , . . n,~ } and IC are
such that: n,>_1 Ji ~nk=N+1 k~0 Vin, for which n, > 1; wherein for each
k=0, 1, . . . K; i=1, 2, . . . (nk -1), the transistor Gk [i] is coupled to
node N,~r,,,~ to pull down node N,~r,,,~ LOW if transistors {Gk [j], j=i,
(i+1), . . . (11k -1)} and {H[j], j=(k+1), (k+2), . . . K} are ON, where
the latter set is null if k=K, where I[k,i]=I!, [i], where I!, [i] is the
i'!' element (counting from zero, left to right) of the ordered set of nk
integers Ik={sk, (Sk~+1), . . , (Sk+r -1)}, where SA, k=0, 1, . . . K+1,
are such that k-~ $k=~n~) k>0, !.o So - 0; wherein for each k=0, I , . . .
K, the transistor H[k] is coupled to node N~~k,,r~ to pull down node
N,~,,,~~ LOW if transistors {H[j], j=k, (1<+1), . . . K} are ON. 16. The
priority encoder as set forth in claim 15, wherein the integer set I
minimizes a cost function. 17. The priority encoder as set forth in claim
16, wherein the cost function is (h+1) {,rk A=0,1,...~,~, C(1) = max
~(!rA-i+K-k),i=1,2,...(rrk-1); k=O.l....h -16   0 5 F E B 2003 



18. The priority encoder as set forth in claim 15, further comprising: N
output circuits C,; i=0, I, , . . (N-1), each having a first input having
voltage C, [0] and a second input having voltage C, [1], each output
circuit Ci having its first input coupled to node Ni and its second input
coupled to node N,+~ to provide an output voltage indicative of C, [0]~C,
~i where denotes logical AND and the over-bar denotes logical complement.
19. The priority encoder as set forth in claim 18, wherein the integer set
I minimizes a cost function. 20. The priority encodes- as set forth in
claim 19, wherein the cost function is (f,'-t-I). ~n,,k=0.1,.../,~~, C( l )
= max f(nl-i+h-k).i=1,2,...(n,-I); k=O,l,...h, 21. The priority encoder as
set forth in claim 15, fUl'ther C0111pI'lslllg: an output circuit to
provide at least one voltage indicative of the leading zero of a binary N+1
bit word (BN BN_~ . . . Bo) if for each k=0, 1, . , . K; i=1, 2, . . . (nk
-1), transistor Gk [i] is responsive to B,~k,,~ ; for each k=0, 1, . , . K,
tI'aIlslStOI- H[lc] is responsive of Ak, where A~ =~B, ~Er, where product
denotes logical AND. 22. The priority encoder as set forth in claim 15)
further comprising: an output circuit to provide at least one voltage
indicative of the leading one of a binary N+I bit word (BNBN , . . . Bo) if
for each k=0, 1, . , . K; i=I , 2, . , , (nk - I ), transistor Gk [i ] is
responsive of B,~k,,) ; for each lc=0, 1, . . . K, transistor H[lc] is
responsive of A," where -17   0 5 FEB Z003 a~ =~a, ,~i, where product
denotes logical AND. 23. The priority encoder as set forth in claim 21,
wherein the integer set I minimizes a cost function, where the cost
function is ( K + 1), ~nA , k = 0, 1, ~ ~ ~ K}, C( I ) = max 1
~(nA-i+h'-k),i=1,2,...(~i~-1): k=0,1,...K1 24. The priority encoder as set
forth in claim 22, wherein the integer set I minimizes a cost function,
where the cost function is (K+1). ~n,.k--p,l,...h'}, C(I ) = max
t(n~-i+K-k),i=1,3,...(n-1); k=O,l,...h'} . 25. The priority encoder as set
forth in claim 15, further comprising: at least one clocked transistor to
pull up all nodes in the set {No, N,, . . . NN } HIGH if a clock signal is
in a first state, wherein, the transistors H[k], k=0, . . . K, and Gk [i],
i=1, . . . (nk -1), k=0, 1, . . . K, are coupled to the nodes to pull a
subset of the nodes LOW based upon which of the transistors H[k], k=0, 1, .
. . K, and Gk [i], i=1, . . . (nk-1), lc=0, 1, . . . K, are ON if the clock
signal is in a second state complementary to the first state. 26. The
priority encoder as set forth in claim 15, fzu-ther comprising: for each
i=0, 1, . . , N, at least one transistor coupled to node N, to pull up node
N, HIGH 



if and only if transistors H[k], k=0, 1, . . . K, and G,, [i], i=1, . . .
(nk-1), k=0, 1, . . . K, are such as to not pull down node N, LOW. 27. A
priority encoder to provide at least one voltage indicative of the leading
zero or one of -18   0 5 FEB 2003 a binary word (B~ B6 , . . Bo), the
priority encoder comprising: a by-pass stack of transistors to provide at
least one voltage indicative of the logical AI~TD of at least one subset of
the Boolean values (B~ B6 . , , Bo); and a broken stack of transistors to
provide at least voltage indicative of the logical AND of at least one
proper subset of the Boolean values (B~ B6 . . . Bo). 28. A priority
encoder comprising: a by-pass stack comprising first, second, and third
nMOSFETs; a broken stack of nMOSFETs comprising first, second, and third
groups, wherein: the first group comprises an nMOSFET having a source
connected to the source of the first nMOSFET in the by-pass stack; the
second group comprises first and second nMOSFETs serially connected to each
other, where the second nMOSFET in the second group has a source connected
to the source of the second nMOSFET in the by-pass stack; and the third
gi~bup comprises first and second nMOSFETs serially connected to each
other, where the second nMOSFET in the third group has a source connected
to the source of the third nMOSFET in the by-pass stack. -19
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