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(7) ABSTRACT

A conditional clock buffer circuit includes a clock output and
is coupled to receive a clock input and a condition signal.
The conditional clock buffer circuit includes a first circuit
coupled to receive the clock input and a second circuit
coupled to receive the clock input and the condition signal.
The first circuit is configured to generate a first state on the
clock output responsive to a first phase of the clock input.
The second circuit is configured to conditionally generate a

(22) Filed: Apr. 22, 2002 second state on the clock output responsive to the condition

signal during a first portion of a second phase of the clock

Publication Classification input. In one implementation, one or more of the conditional

clock buffer circuits may be included in a clock tree. The

(51)  Int. CL7 s GO6F 1/04 clock tree may also include one or more levels of buffering.

CLK_E

Pt e e Y |
| |
! |
! Clock —12 ,
| . i
| | Generation 1
: Circuit :
!
'. Global _ |
' CLK o |
| Local CLK4 Subcircuit |
|| Clock Tree | Local CLK3 16E |
| 14 |
' - !
‘ |
| Local_ Local_CLK1 Local_CLK2 oy
| CLKO v v v |
' |
| |
l . . L . ,
I | Subcircuit Subcircuit Subcircuit Subcircuit |
|
| 16A 16B 16C 16D |
[ ‘. !
' |
' l
' |
‘ |
‘ !
' |



Patent Application Publication Oct. 23,2003 Sheet 1 of 17 US 2003/0197541 A1

L3

|
|
!
I Generation
: Circuit |
'. lGlobal_ |
| CLK |
| Local CLK4 N Subcircuit |
|| Clock Tree | Local_CLK3 16E |
! .
!
|
| Local_| [ Local CLK1 Local_CLK2 O
| CLKO v v v }
|
| :
i | Subcircuit Subcircuit Subcircuit Subcircuit {
| leA 16B 16C 16D |
| :
| 1
| |
‘ !
' |



Oct. 23,2003 Sheet 2 of 17 US 2003/0197541 A1

Patent Application Publication

T 991 Y00[D

AR
T T T
“ 01 |
_ i
_ _
NHID Te00T | o |
|| g 1D | | Neg or8o] |
N sunen J1D
| | NoT woD |
| I 1 €1 _
“ - - m
_ 1 - - _
1D 1800 | o 1O ~ Y ] |
BE e e |
[
| | 90z oD 1 — _ |
| <] <l < _
|
oo oo | |0 ) — — |
V| maD | | Vg or8o1 |
) SumeD YD — _
| | V0T uop H < < ] < |
|
| - |

e e e e . A - — — — —— —— T et rat Tt " Vo —— o — - - e Soh s Gt =t ke e et M Mo e en e s e Same e o

MO 18q0D



Patent Application Publication

Con

Precharge Circuit

30

36

Oct. 23,2003 Sheet 3 of 17 US 2003/0197541 A1

'/—~ 20A

Conditional

Discharge Circuit

32

Latch Circuit O
34




Patent Application Publication Oct. 23,2003 Sheet 4 of 17 US 2003/0197541 A1




Patent Application Publication Oct. 23,2003 Sheet 5 of 17 US 2003/0197541 A1

e — ——— e — ——

| Precharge Circuit | . ___
} vV, 30| | L atch Circuit |
: | u
T <
s I 36| |
__________________ ——>———0
|
Clk —[T, L |
| Y ! | ——L)-———T——-O
! L ! | !
1 Y ! |
: TSI—[P——: : ——————————
| ¢—-4 1
| L
Con — } T, ! |l
P | |
| T . i
! |
' :
L :
|
II Conditional Discharge :
{ Circuit 32 }
20A A



Patent Application Publication Oct. 23,2003 Sheet 6 of 17 US 2003/0197541 A1

CLK_E

:P ____________ i ————————— Integrated Circuit 10 :
' Clock 12 |
/ |
E Generation :
I Circuit :
I Global_ |
i CLK :

|
! Clock Tree 14 54 :
: ‘ Dynamic Scan/Clock Buffers :
| |
} Local_ | ACLKs/ :
s li CLKs § v BCLKs E
SCLK - > . . I
58 - | Static Dynamic |
§ Circuitry [ «—» Circuitry ;
SM(g(I))E : 50 N 0 :
SCIN_E\ ' » :
| r |
| |
| |
e I

62—
\ 4
SCOUT_E



Patent Application Publication Oct. 23,2003 Sheet 7 of 17 US 2003/0197541 A1

N

Local CLKs
SCLK
SMODE



Patent Application Publication Oct. 23,2003 Sheet 8 of 17 US 2003/0197541 A1

Local CLK Local CLK
l Ve 70A l /= 70B
N Static Logic 72 N
—p»n —»In
______________________ ;
6 |
—>»{SCIn > >~ —» SCIn
A { A
T Scan Latch ZQJ: T
SCLK ATttt/ SCLK
A
SMODE T



Oct. 23,2003 Sheet 9 of 17 US 2003/0197541 A1

Patent Application Publication

HAOWS 'IOS 6 o1
R
_ _
_ _
_ _
1901 !
m “
| [ |
o |
_ ) _
m ot R A
LRODS = yoje] ueog ] L NIDS

| /T
|76 Jmom) ueog omreuk(] a1 "
e )

i

76 ]/ L]
sumo(J[nd | simdup p gl
o oW Io] [€ ommeukq | SOV
a !

mno <

9

_ 81 96 Wm T
EN

06 /ﬁ\\\



Patent Application Publication Oct. 23,2003 Sheet 10 of 17  US 2003/0197541 Al

Local
_CLK




Oct. 23,2003 Sheet 11 of 17  US 2003/0197541 Al

Patent Application Publication

14! |||/

ATOV
d071

1049

AT1Od
HOCT

A10d

Bl
aoct

A 1049

A1O4d
20Tl

UApNTOV

4 —
d

UAp 1OV
q0¢1

UAp IOV

1 =
d

uApY IOV
V0zl

(44!
ATOV

H —
d

dATOV




Oct. 23,2003 Sheet 12 of 17  US 2003/0197541 Al

Patent Application Publication

7¢1 aseyd-g ysnoiyy
\V\l ueog oyededord
— g

aseyq-v ysnoiy

vl zl\\\l ueog oegedolg
o J udpA IOV
-

ATOV

_\ MOV
-

HAOWS

ﬂ J 10
4| MO

‘l&\ dop ut
0c1 Jnsay amide))




Patent Application Publication

<
g

Va
146
"_——‘—O‘ T1 Il % T12
36

Oct. 23,2003 Sheet 13 of 17

Ck —>— JIETZ I,
s
Con ; [ T, 144 b
—[ T, 148 —-—/
—?__\ iT A <
46
140 J
O | ACLK | ACLKP | ACLKdyn
I, | SMODE | GND SCLK
I, | GND | SMODE | SMODE

US 2003/0197541 A1




Oct. 23,2003 Sheet 14 of 17  US 2003/0197541 Al

Patent Application Publication

A1049

T L N
d

A1Od

dost

DAY

A 1Od

D0ST

1 |-
d

ATOV

ATOV

d0c1

(4!




Oct. 23,2003 Sheet 15 of 17  US 2003/0197541 Al

Patent Application Publication

1 —~

o

oseyJ-g ysnoiy

W\' uwog orededoid

9180) SNOTA]
oI} Ued§ 9)eJOS]

1
091 —~

-

A104d

104

dM1Od

ATOV

HUAOWS

AMTOS

O



Patent Application Publication Oct. 23,2003 Sheet 16 of 17  US 2003/0197541 Al

y 34

36

BCLKP

SMODE
GND

BCLKE
GND
SMODE
16

I—J ?
: 172
BCLK
GND
GND
Fi

4>7
on
0
I4
I5

176
C

174
170~ A



Patent Application Publication Oct. 23,2003 Sheet 17 of 17  US 2003/0197541 Al

Computer Accessible Medium
300

Integrated Circuit
10




US 2003/0197541 Al

CONDITIONAL CLOCK BUFFER CIRCUIT

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention is related to the field of conditional
clock buffer circuits.

[0003] 2. Description of the Related Art

[0004] As electronic circuits increase in density, particu-
larly integrated circuits, power consumption has also
increased. In order to minimize power consumption, power
management circuitry may be used. Power management
circuitry may be used to selectively and/or temporarily
remove power from a certain part of an electronic circuit
during times while that part is inactive. Alternatively or in
addition, conditional clocking schemes may be used.

[0005] Conditional clocking may be used to conditionally
generate a clock to a functional circuit dependent on whether
or not the functional circuit is active. If the circuit is active,
the clock is generated (e.g. rising and falling edges are
generated providing a high phase and a low phase of the
clock signal). If the circuit is inactive, the clock may be
inhibited (e.g. held in a constant state instead of toggling
high and low). Inhibiting the clock during idle times for the
functional circuit may result in power savings since the state
of the circuit is held steady and thus the circuit may
experience minimal switching activity. Typically, the con-
dition input to the conditional clock circuitry (which deter-
mines whether the clock is generated or inhibited) has a
relatively high setup time and/or hold time with regard to an
input clock edge, to ensure glitch free operation of the
conditional clock.

[0006] Forexample, an AND gate may be used to generate
a conditional clock (with one input being the input clock and
the other being the condition signal, indicating when high
that the output clock is to toggle). In this case, the setup time
for the condition signal may be relatively short, but the hold
time may be approximately one half clock cycle (since the
condition signal is required to remain valid, either high or
low, throughout the high phase of the input clock). As
another example, an AND gate with a passgate latch on the
condition signal input may be used. While the hold time may
be shorter than the single AND gate (e.g. approximately the
hold time of the passgate latch), the setup time is lengthened
since the conditional signal must propagate through the
passgate latch prior to the rising edge of the input clock.

SUMMARY OF THE INVENTION

[0007] A conditional clock buffer circuit includes a clock
output and is coupled to receive a clock input and a
condition signal. The conditional clock buffer circuit
includes a first circuit coupled to receive the clock input and
a second circuit coupled to receive the clock input and the
condition signal. The first circuit is configured to generate a
first state on the clock output responsive to a first phase of
the clock input. The second circuit is configured to condi-
tionally generate a second state on the clock output respon-
sive to the condition signal during a first portion of a second
phase of the clock input. In some embodiments, a latch
circuit may be coupled to the first and second circuits and to
the clock output, and the latch circuit may be configured to
hold the state of the clock output during the remaining
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portion of the second phase of the clock input. The setup and
hold times for the condition signal may be relative to the first
portion of the second phase, and may, in some embodiments,
be relatively short. In one implementation, one or more of
the conditional clock buffer circuits may be included in a
clock tree. The clock tree may also include one or more
levels of buffering coupled to receive an input clock and
output a buffered clock. The clock input of the conditional
clock buffers may be coupled to the buffer clock.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following detailed description makes reference
to the accompanying drawings, which are now briefly
described.

[0009] FIG. 1 is a block diagram of one embodiment of an
integrated circuit.

[0010] FIG. 2 is a circuit diagram of one embodiment of
a clock tree.

[0011] FIG. 3 is a block diagram of one embodiment of a
conditional clock buffer circuit.

[0012] FIG. 4 is a timing diagram illustrating operation of
one embodiment of the conditional clock buffer circuit
shown in FIG. 3

[0013] FIG. 5 is a circuit diagram of one embodiment of
the conditional clock buffer circuit.

[0014] FIG. 6 is a block diagram of one embodiment of an
integrated circuit including scan support.

[0015] FIG. 7 is a timing diagram illustrating operation of
one embodiment of scan control signals.

[0016] FIG. 8 is a circuit diagram of one embodiment of
static logic scan circuitry.

[0017] FIG. 9 is a circuit diagram of one embodiment of
dynamic logic scan circuitry.

[0018] FIG. 10 is a circuit diagram of one embodiment of
a flop with scan functionality.

[0019] FIG. 11 is a circuit diagram of one embodiment of
dynamic logic circuitry with scan support.

[0020] FIG. 12 is a timing diagram illustrating operation
of one embodiment of clock signals and scan control signals
for the embodiment of FIG. 11.

[0021] FIG. 13 is a circuit diagram of one embodiment of
a clock buffer circuit for the embodiment of FIGS. 11 and
12.

[0022] FIG. 14 is a circuit diagram of one embodiment of
dynamic logic circuitry with scan support.

[0023] FIG. 15 is a timing diagram illustrating operation
of one embodiment of clock signals and scan control signals
for the embodiment of FIG. 14.

[0024] FIG. 16 is a circuit diagram of one embodiment of
a clock buffer circuit for the embodiment of FIGS. 14 and
15.

[0025] FIG. 17 is a block diagram of one embodiment of
a computer accessible medium.

[0026] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments
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thereof are shown by way of example in the drawings and
will herein be described in detail. It should be understood,
however, that the drawings and detailed description thereto
are not intended to limit the invention to the particular form
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the present invention as defined by the
appended claims.

DETAILED DESCRIPTION OF EMBODIMENTS
[0027] Conditional Clocking

[0028] Turning now to FIG. 1, a block diagram of one
embodiment of an integrated circuit 10 is shown. Other
embodiments are possible and contemplated. In the embodi-
ment of FIG. 1, the integrated circuit 10 includes a clock
generation circuit 12, a clock tree 14, and a plurality of
subcircuits 16A-16E. The clock generation circuit 12 is
coupled to receive an external clock (CLK_E) and generate
a global clock (Global_CLK) therefrom. The clock tree 14
is coupled to receive the global clock and to provide various
local clocks (e.g. Local_CLKO, Local_CLK1, Local_CLK2,
Local_CLK3, and Local_CLK4 to subcircuits 16A-16E,
respectively).

[0029] The clock generation circuit 12 is configured to
generate the global clock Global CLK from the external
clock CLK_E for use by the circuitry illustrated in FIG. 1.
The clock generation circuit 12 may include, for example, a
phase locked loop (PLL) for locking the phase of the global
clock to the external clock. The PLL or other clock genera-
tion circuitry may multiply or divide the frequency of the
external clock to arrive at the frequency of the global clock.
Any desired clock generation circuitry may be used.

[0030] The global clock is provided to the clock tree 14.
The clock tree 14 buffers the global clock for distribution to
the various loads in the integrated circuit 10 (e.g. the various
subcircuits 16A-16E). Any buffer network may be used, as
desired. In one embodiment, the clock tree is an H-tree
design, although other clock tree designs such as grids may
be used. While illustrated in FIG. 1 as a block providing
local clock signals for convenience in the drawing, it is
understood that the buffer circuitry forming the clock tree 14
may generally be distributed throughout the silicon area
occupied by the integrated circuit 10. The buffer network
design may attempt to approximately match the delay from
the global clock to the various local clock signals. Generally,
as used herein, a clock tree is any buffer network for
buffering an input clock to produce local clocks for various
circuitry. As will be illustrated in FIG. 2 below, the clock
tree 14 may include conditional clock buffers for condition-
ally generating the local clocks (e.g. for power savings
reasons).

[0031] The subcircuits 16A-16E may generally provide
the functionality that the integrated circuit 10 is designed to
perform. For example, if the integrated circuit 10 includes a
processor, subcircuits may include fetch logic, issue logic,
and execution units of various types (e.g. integer, floating
point, load/store, etc.). The integrated circuit 10 may include
various interface circuits (e.g. network interfaces, standard
I/O interfaces such as peripheral component interconnect
(PCI), HyperTransport™, etc.); and each interface circuit
may comprise one or more subcircuits. The integrated circuit
10 may include caches or cache controllers, which may

Oct. 23, 2003

comprise one or more subcircuits, and/or a memory con-
troller which may comprise one or more subcircuits. Any
functionality may be included in various embodiments.

[0032] While the subcircuits 16A-16E each receive a local
clock in FIG. 1, a given subcircuit may receive multiple
local clocks. The local clocks may be conditionally gener-
ated the same way (e.g. they may be provided for electrical
loading purposes), or may be separately conditionally gen-
erated. The number of subcircuits may vary from embodi-
ment to embodiment as well.

[0033] Turning now to FIG. 2, a circuit diagram illustrat-
ing one embodiment of the clock tree 14 which may be
employed in one embodiment of the integrated circuit 10 is
shown. Other embodiments are possible and contemplated.
In the embodiment of FIG. 2, the clock tree 14 includes
several levels of buffers (labeled L0-L4 in FIG. 2, with LO
being the lowest level at which the local clocks are generated
and provided to subcircuits 16 A-16E). Each level of buffers
is coupled to the next higher level of buffers. In the illus-
trated embodiment, each of the levels 1.1-L.3 comprises
inverter circuits, although non-inverting buffer circuits may
be used in other embodiments. Level LO comprises condi-
tional clock buffer circuits (e.g. circuits 20A-20N illustrated
in FIG. 2) coupled to the output of the L1 level. In the
illustrated embodiment, the outputs of the L1 buffers are
connected together, although other embodiments may con-
nect individual L1 buffer outputs to clock inputs of various
conditional clock buffer circuits 20A-20N.

[0034] At each level of buffering, a given buffer may be
coupled to some number of buffers at the next lower level.
The fan-out from a given buffer may depend on the char-
acteristics of the transistors in the semiconductor technology
used, the delay associated with wire resistance and capaci-
tance, etc. Generally, at some number of fan-out, insertion of
a buffer may result in reduced delay overall rather than
allowing a higher fan out. For example, a fan out of around
3 may be provided between buffer levels. Any fan out may
be used in other embodiments. For example, a fan out of 4
or 5, or 2, may be selected in other embodiments.

[0035] The conditional clock buffer circuits 20A-20N may
generate the local clock signals conditionally based on a
condition input (Con in FIG. 2). The condition input may be
generated by observing various activity in the corresponding
subcircuit 16A-16E, and by generating the condition input
for the corresponding conditional clock buffer circuits 20A-
20N based on whether or not the corresponding subcircuit is
to be in use in the next clock cycle. For example, clock
gating logic 22A may be coupled to provide the condition
input to the conditional clock buffer circuit 20A, and clock
gating logic 22N may be coupled to provide the condition
input to the conditional clock buffer circuit 20N. Other local
clocks may be unconditional. For example, the conditional
clock buffer circuit 20B has its condition input tied to a
logical one (indicating that the Local CLK1 is to be gen-
erated unconditionally in this example). The conditional
clock buffer circuitry is still used in this case to minimize
delay differences between the unconditional local clocks and
the conditional local clocks. In other embodiments, the
conditional clock buffer circuit may not be used for uncon-
ditional clocks.

[0036] In the illustrated embodiment, the condition signal
is a logical one if clock generation is desired for the
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corresponding local clock and is a logical zero if clock
generation is not desired (e.g. the clock is to be “gated”).
This example may be used in some of the figures described
below. In other embodiments, the condition signal may be a
logical zero if clock generation is not desired and a logical
one of clock generation is desired. The condition signal may
be referred to as “asserted” if it is in a state indicating that
clock generation is desired, and “deasserted” if it is in a state
indicating that clock generation is not desired. As used
herein, a clock is “generated” if the clock oscillates in
response to the source clock and is “not generated” if the
clock is held at a steady level (high or low).

[0037] While the embodiment shown in FIG. 2 includes
the conditional clock buffer circuits at the lowest level (LO)
of the local clock tree, other embodiments may include
additional levels of buffering below the conditional clock
buffer level. It is noted that, while conditional clocking is
implemented at one level in FIG. 2, other embodiments may
implement additional conditional clocking at one or more
coarser levels than that shown in FIG. 2. For example, the
global clock may be qualified with one or more condition
signals at the L4 level to gate the global clock, thus
indirectly gating all of the local clocks shown in FIG. 2.
Conditional clocking may be implemented in any number of
levels.

[0038] It is noted that, in other embodiments, the number
of levels in the clock tree may vary. The number of levels

may be more or less than that shown in the example of FIG.
2.

[0039] Turning now to FIG. 3, a block diagram is shown
of one embodiment of the conditional clock buffer circuit
20A. Other clock buffer circuits 20B-20N may be similar.
Other embodiments are possible and contemplated. Inputs
and outputs of the conditional clock buffer circuit 20A are
labeled in FIG. 3 similar to the labeling shown in FIG. 2
(CIk, Con, and O). The conditional clock buffer circuit 20A
includes a precharge circuit 30, a conditional discharge
circuit 32, and a latch circuit 34. The precharge circuit 30 is
coupled to receive the input clock Clk and is coupled to a
node 36. The conditional discharge circuit is coupled to
receive the input clock Clk and the condition signal Con, and
is coupled to the node 36. The latch circuit 34 is coupled
between the node 36 and the output O.

[0040] Generally, the precharge circuit 30 precharges the
node 36 responsive to one phase of the clock Clk. The
conditional discharge circuit 32 conditionally discharges the
node 36 during a first portion of a second phase of the clock
Clk, dependent on the state of the condition signal during the
first portion (referred to below as the condition window). If
the condition signal is asserted in the condition window, the
conditional discharge circuit 32 discharges the node 36 and
the output clock O is generated for that clock cycle of the
clock Clk. If the condition signal is deasserted in the
condition window, the conditional discharge circuit 32 does
not discharge the node 36 and the output clock O is not
generated for that clock cycle of the clock CIk (i.e. the clock
is gated for that clock cycle).

[0041] The condition window may be of any desired
width, and may occupy any portion of the second phase of
the clock CIk. In one embodiment, the first phase is the low
phase of the clock Clk and the second phase is the high phase
of the clock Clk. The condition window may begin at the
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rising edge of the clock Clk (the beginning of the high
phase) and may continue for a predetermined length of time.
For example, in one implementation, the condition window
may be about % of the phase of the clock CIk. In another
implementation, the condition window may be about two
gate delays in the integrated circuit. As used herein, a “gate
delay” is the delay from a change in an input of a prede-
termined logic gate to a corresponding change in the output
of that logic gate. For example, the predetermined logic gate
may be an inverter having a fan out of four inverters of the
same size. The delay may be measured from any desired
points in the transition of the input and output of the
predetermined logic gate. For example, the delay may be
measured from the 50% point in the transition of the input
to the 50% point in the corresponding transition of the
output. The gate delay may generally depend on the semi-
conductor fabrication technology used to fabricate the inte-
grated circuit 10.

[0042] Since the conditional discharge circuit 32 operates
during the condition window to either discharge or not
discharge the node 36, the setup and hold times for the
condition signal may be relative to the condition window.
The total time that the condition signal remains valid (setup
time and hold time) may be relatively short (e.g. approxi-
mately the length of the condition window, or less in some
cases). Thus, the design of the clock gating logic 22A-22N
may be simplified. In some cases, the clock gating logic
22A-22N may be more sophisticated, using the additional
available time to calculate more complex clock gating
algorithms. Additionally, since the condition signal may
affect the output clock O during the condition window only,
noise effects on the condition signal may be lessened in
some implementations.

[0043] In some cases, the setup time with respect to the
rising edge of the clock Clk may be negative (that is, the
condition signal may be at a valid level subsequent to the
rising edge of the clock CIk and still cause proper operation).
Generally, the conditional signal may be asserted long
enough, during the condition window, to discharge the node
36 (or may remain deasserted long enough during the
condition window to ensure that the output clock O is not
generated during the clock cycle). Once the condition win-
dow has passed, the condition signal may change state
without affecting the output clock O.

[0044] In the illustrated embodiment, the latch circuit 34
latches the value driven on the node 36 and provides the
output clock O. The latch circuit 34 may ensure that the
output clock O is actively driven (i.e. not floating) at all
times. Particularly, during the remaining portion of the
second phase, outside of the condition window, the latch
circuit 34 may actively drive the value resulting from the
conditional discharge of the node 36. As used herein, a latch
circuit is any circuit which captures an input value and holds
a corresponding output value until the input value is actively
driven again. The latch circuit may be inverting, in which the
output value has the opposite binary sense of the input value,
or non-inverting.

[0045] In another embodiment, the conditional clock
buffer circuit 20A may conditionally precharge the node 36
during the condition window of one clock phase and dis-
charge the node 36 responsive to the other clock phase.
Generally, the conditional clock buffer circuit 20A may
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generate one state of the output clock (high or low) respon-
sive to a phase of the input clock and may conditionally
generate the other state based on the condition signal during
the condition window.

[0046] FIG. 4 is a timing diagram illustrating operation of
one embodiment of the conditional clock buffer circuit 20A.
The inputs and output of the clock buffer circuit 20A (CIK,
Con, and O) are shown in FIG. 4, as well as the condition
window for each clock cycle of the clock Clk. A node N1 is
also illustrated in FIG. 4, which is discussed below with
regard to FIG. 5.

[0047] Two clock cycles of the clock Clk are illustrated in
FIG. 4 (and a portion of a third clock cycle is also illus-
trated). In each clock cycle, a condition window is shown,
delimited by vertical dashed lines and illustrated by arrows
40, 42, and 44, respectively. In the first and third clock
cycles, the conditional signal Con is asserted (high in this
example) during the condition windows 40 and 44, and thus
the output clock O is generated in the first and third clock
cycles. The output clock O is shown in FIG. 4 slightly
delayed from the clock Clk to account for the operation of
the conditional clock buffer 20A.

[0048] On the other hand, the condition signal is deas-
serted during the condition window 42, corresponding to the
second clock cycle. Accordingly, the output clock O is not
generated during the second clock cycle. The output clock O
remains constant during the second clock cycle (low in this
example).

[0049] Turning next to FIG. 5, a circuit diagram of one
embodiment of the conditional clock buffer circuit 20A is
shown. Other conditional clock buffer circuits 20B-20N may
be similar. Other embodiments are possible and contem-
plated. In the embodiment of FIG. 5, the conditional clock
buffer circuit 20A includes transistors T1, T2, T3, and T4.
The transistor T1 has a source node coupled to the power
supply (V44), a drain node connected to the drain node of the
transistor T2, and a gate node coupled to receive the clock
Clk. The transistors T2, T3, and T4 may be a series con-
nection of transistors. The transistor T2 has a source node
connected to the drain node of the transistor T3 and a gate
node coupled to receive the clock CIk. The transistor T3 has
a source node connected to the drain node of the transistor
T4 and a gate node coupled to receive the condition signal
Con. The transistor T4 has a source node coupled to ground
and a gate node connected to the node N1, which is
connected to the output of an inverter 46. The transistor T1
forms the precharge circuit 30 in this embodiment. The
transistors T1-T4 (and optionally T5, as described below)
and the inverter 46 form the conditional discharge circuit 32
in this embodiment. In the illustrated embodiment, the latch
circuit 34 comprises a pair of cross-coupled inverters (and
may include an optional additional inverter, as described
below).

[0050] During the low phase of the clock CIk, the tran-
sistor T1 activates and precharges the node 36 to a high
voltage. The latch circuit captures the state of node 36, and
drives a corresponding low voltage on the output clock O. In
response to the rising edge of the clock CIk, the transistor T1
deactivates and the transistor T2 activates. Prior to the
inverter 46 responding to the rising edge of the clock CIk,
the node N1 is high (from the previous low phase of the
clock CIK), and thus the transistor T4 is active also. If the
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condition signal is asserted, the transistor T3 is active and
the series connection of transistors T2-T4 discharges the
node 36. If the condition signal is not asserted, T3 is inactive
and the node 36 remains charged. Once the inverter 46
responds to the rising edge of the clock CIk, the transistor T4
deactivates, closing the condition window. The latch circuit
34 captures and retains the state of the node 36 for the
remainder of the high phase of the clock Clk.

[0051] As mentioned above, in response to the rising edge
of the clock CIk, the inverter 46 transitions the node N1 low
and deactivates the transistor T4. More particularly, as the
inverter 46 begins driving the node N1 low, the voltage
difference between the gate node and the source node of the
transistor T4 drops below the threshold voltage for the
transistor T4, and T4 deactivates. For the remainder of the
high phase of the clock Clk (after the node N1 transitions
low), changes in the condition signal do not affect the state
of the node 36. The node 36 either remains charged or has
been discharged, dependent on the state of the condition
signal during the condition window. In this embodiment, the
condition window is defined by the rising edge of the clock
Clk and the transition of the signal on the node N1 low.
Referring back to FIG. 4, the node N1 is illustrated. The
condition windows 40, 42, and 44 end when the node N1 is
low (or nearly low), as illustrated by the second dashed
vertical line defining each condition window.

[0052] The delay provided by the inverter 46 controls the
width of the condition window for the embodiment of FIG.
5. The transistors forming the inverter 46 may be sized to
generate the desired width. For example, in one implemen-
tation, the inverter 46 may be sized to generate two gate
delays of delay from the rising edge of the clock Clk to the
deactivation of the transistor T4. In another implementation,
the inverter may be sized to produce a delay of about %
clock phase. In yet another implementation, the inverter may
be sized about a factor of 10 or less smaller than other
inverters used in the integrated circuit 10.

[0053] During the low phase of the clock CIk, the tran-
sistor T2 is inactive and the transistor T4 is active. If the
condition signal is asserted during this time, the transistor T3
activates. The series connection of the transistors T3 and T4
may discharge the node between the transistors T3 and T2.
If the condition signal is not asserted during the following
condition window, when the transistor T2 is active, the node
36 may experience charge sharing with the node between the
transistors T3 and T2. The charge sharing may cause a
temporary glitch on the node 36 before the feedback inverter
in the latch circuit 34 (which may be relatively weak to
allow the transistor T1 and the series connection of transis-
tors T2-T4 to overdrive it) restores the voltage on the node
36. The transistor TS5 may be optionally included to address
the charge sharing. The transistor T5 has a source node
coupled to the power supply, a drain node connected to the
node between the transistors T3 and T2, and a gate node
coupled to receive the condition signal. If the condition
signal is deasserted, the transistor T5 activates and charges
the node between the transistors T2 and T3, thus reducing
(or possibly eliminating) charge sharing with the node 36
while the transistor T2 is active and the transistor T3 is
inactive.

[0054] The optional additional inverter may be added to
the latch circuit 34, with the output clock O being driven by
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the additional inverter instead of one of the cross coupled
inverters forming the latch. The additional inverter may
provide additional noise sensitivity reduction in some
embodiments. Since the input of the feedback inverter of the
latch circuit 34 is not exposed to noise on the output clock
O wires, noise on those wires may be less likely to affect the
state of the node 36.

[0055] The embodiment of the conditional clock buffer
circuit 20A shown in FIG. 5 may be suitable for adding
testability features (e.g. scan testing features). For example,
by adding a PMOS transistor to the node 36, with its gate
node coupled to receive test signals, the output clock may be
driven low for test purposes. Similarly, by adding an NMOS
transistor to the node 36, the output clock may be driven
high for test purposes. The latch circuit 34 may hold the test
value after the added transistors are deactivated, which may
simplify scan control. Additional transistors may be added to
generate other test wave forms on the output clock (e.g.
FIGS. 13 and 16 below).

[0056] It is noted that the order of the series connection of
transistors T2-T4 shown in FIG. 5 may be varied. The
transistors may be arranged in any order in other embodi-
ments (with the gate terminals of each transistor still coupled
to the same input signals as shown in FIG. 5). For example,
the transistor T4 may be at the “top™ of the series connection
(where transistor T2 is in FIG. 5), with its gate node still
coupled to the node N1; the transistor T2 may be in the
“middle” of the series connection (where the transistor T3 is
in FIG. 5), with its gate node coupled to receive the clock
Clk; and the transistor T3 may be at the “bottom™) of the
series connection (where the transistor T4 is in FIG. 5), with
its gate node coupled to receive the condition signal. Other
orders are also possible.

[0057] In the illustrated embodiment, transistors T1 and
T5 are p-type metal-oxide-semiconductor (PMOS) transis-
tors and transistors T2, T3, and T4 are n-type MOS (NMOS)
transistors. Other transistors may be used in other embodi-
ments. Generally, a transistor may be any device having at
least a first node, a second node and a control node. The
conduction between the first node and the second node is
controlled via the control node. A transistor is active, or on,
if it is conducting and is inactive, off, or deactivated if it is
not conducting.

[0058] In other embodiments, the condition window can
be moved with respect to the rising edge of the clock Clk by
buffering the clock Clk at the input of the conditional
discharge circuit 32. The condition window may thus be
placed any where within the high phase of the clock CIk, as
desired. It is noted that the complimentary circuit may also
be used (e.g. the transistors T2-T4 may be PMOS and the
transistor T1 may be NMOS) in other embodiments.

[0059] 1t is noted that, in some embodiments, the inverter
46 may be replaced by any logic circuitry which inverts the
clock Clk. For example, any odd number of inverters
coupled in series may be used. Additionally, a NAND or
NOR gate may be used (e.g., see FIG. 16).

[0060] Scan Interface

[0061] Turning now to FIG. 6, a block diagram of a
second embodiment of the integrated circuit 10 is shown.
Similar to the embodiment of FIG. 1, the embodiment of
FIG. 6 may include the clock generation circuit 12 receiving
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the external clock CLK_E and generating the global clock
Global_CLK for the clock tree 14. The clock tree 14 may
generate local clocks for the static circuitry 50 shown in
FIG. 6, and may generate clocks for the dynamic circuit 52
shown in FIG. 6 (ACLKs and BCLKs as shown in FIG. 6).
More particularly, the clock tree 14 may include various
conditional clock buffer circuits for generating the local
clocks for the static circuitry 50 (e.g. similar to the above
discussion) and may also include dynamic scan/clock buff-
ers 54 for generating the clocks for the dynamic circuitry 52.
The static circuitry 50 may be coupled to receive various
scan interface signals (e.g. a scan clock SCLK on a first pin
56 of the integrated circuit 10, a scan mode signal SMODE
on a second pin 58 of the integrated circuit 10, and a scan
in signal SCIN_E on a third pin 60 of the integrated circuit
10). The scan interface may also include a scan out signal
SCOUT_E on a fourth pin 62 of the integrated circuit 10.
The dynamic circuitry 52 and the dynamic scan/clock buff-
ers 54 are coupled to receive the scan clock and scan mode
signals as well. In the illustrated embodiment, the dynamic
circuitry is coupled to the scan out signal SCOUT_E. The
static circuitry 50 is coupled to the dynamic circuitry 52.

[0062] The integrated circuit 10 may support scan testing
of both the static circuitry 50 and the dynamic circuitry 52.
In general, “scan testing” or “scan” refers to loading test data
(also referred to as scan data) into state elements in the
circuits being tested, capturing the outputs of the circuits
being tested in response to the scan data (typically by
clocking the circuits being tested one or more times using
the functional clock(s) to those circuits), and scanning the
captured output data out of the state elements in the circuits
being tested. The captured output data may be used for
comparison with expected output data to detect if the circuits
being tested are operating properly. As used herein, scan
may be referred to as “active” if the scan signals are being
used to control the integrated circuit 10 (e.g. data is either
being scanned in or out, or the integrated circuit is being
prepared to scan in or scan out data). Scan is “inactive” if the
scan signals are not being used to control the integrated
circuit 10.

[0063] Typically, one or more scan chains are defined for
the state elements. The scan chains are serial connections
corresponding to the state elements. The scan in input may
be coupled to the first element in the scan chain, and the scan
out output may be coupled to the last element in the scan
chain. The order of elements in the scan chain is the order
that the scan data is provided on the scan in input as the data
is scanned in and the order that scan data is expected on the
scan out output.

[0064] In the illustrated embodiment, the scan interface
supported by the integrated circuit 10 includes (in addition
to the scan in and scan out signals): the scan clock SCLK and
the scan mode signal SMODE. The scan clock signal is used
to control the serial scanning of scan data into and out of the
scan chain. Each period of the scan clock signal causes the
data in the scan chain to be shifted by one position in the
chain. The scan mode signal is used to indicate whether or
not scan is active. In some embodiments, the scan mode
signal is used to control whether or not certain dedicated
scan circuits operate. That is, if scan is active, the dedicated
scan circuits operate and if scan is inactive, the dedicated
circuits do not operate. By preventing the dedicated scan
circuits from operating, power may be conserved (since the
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dedicated scan circuits are not toggling) and/or the load
presented by the dedicated scan circuits on related functional
circuitry may be reduced (by isolating the dedicated scan
circuitry from the functional paths).

[0065] A relatively small number of control signals are
used in the illustrated embodiment: one scan clock and one
scan mode signal. The interface may provide a relatively
simple control mechanism for scan operation, and its impact
on the number of pins employed by the integrated circuit 10
may be relatively small.

[0066] Prior to activating scan, the external clock CLK_E
may be stopped, thus resulting in the stopping of the local
clocks (Local CLKs, ACLKs, and BCLKs; although the
ACLKs and BCLKs may be generated from the scan inter-
face signals as well, in some embodiments). Alternatively,
the scan mode signal may be used, in some embodiments, to
gate the local or global clocks. Thus, when scanning is to be
started, the static circuitry 50 and the dynamic circuitry 52
may be idle.

[0067] The scan clock and scan mode signals are provided
directly to the static circuitry 50 and the dynamic circuitry
52 in the illustrated embodiment. In the static circuitry 50,
various static storage devices may be clocked by the scan
clock for scanning purposes (as well as by a local clock for
functional purposes). The static storage devices are coupled
into a scan chain (along with the dynamic circuitry 52 as
discussed below) and may have scan data stored therein
when scan is active. In the dynamic circuitry 52, storage
devices and/or dynamic circuits may be coupled into the
scan chain and may have scan data stored therein when scan
is active (responsive to the scan clock and scan mode
signals).

[0068] In the illustrated embodiment, the dynamic scan/
clock buffers 54 are also coupled to receive the scan clock
and scan mode signals. The dynamic scan/clock buffers 54
may generate several clock signals for use by the dynamic
circuitry in each phase, to ensure that scanned in data is
properly propagated through the dynamic circuitry to a
storage device for sampling. At least some dynamic circuits
may require an evaluate phase (and an inactive precharge
phase) to propagate a value, for example. The clocks may
function as precharge and/or evaluate clocks during func-
tional operation, and may exhibit the desired behavior when
scan is active. After the data is propagated to the storage
device, the storage device may sample the result value. The
result captured by the storage device may be scanned out of
the storage device for comparison to the expected data.
Examples of clocks to be generated for various configura-
tions of dynamic circuitry 52 are shown in FIGS. 11-13 and
14-16. In other embodiments, one clock per dynamic phase
may be generated.

[0069] Generally, the static circuitry 50 and the dynamic
circuitry 52 may communicate. Functional signals may be
fed back and forth (e.g. the static circuitry 50 may generate
an output that is used by the dynamic circuitry 52 or vice
versa). Additionally, scan signals may be fed back and forth
(e.g. connections in the scan chain). While the static cir-
cuitry 50 and the dynamic circuitry 52 are illustrated as
blocks in FIG. 6 for convenience of illustration, generally
the static circuitry and dynamic circuitry may be intermixed
throughout the integrated circuit 10 as needed to perform the
functions defined for the integrated circuit 10.
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[0070] It is noted that, while the static circuitry 50 receives
the scan in signal and the dynamic circuitry 52 provides the
scan out signal in the illustrated embodiment, other embodi-
ments may have the dynamic circuitry 52 receive the scan in
signal and/or have the static circuitry 50 receive the scan out
signal. Additionally, the integrated circuit 10 may support
multiple parallel scan chains, either by providing additional
scan in and scan out signals or by multiplexing the scan
chains onto the scan in and scan out signals.

[0071] As used herein, static circuits (or static logic) are
circuits which continuously evaluate based on changes in
received inputs, such that any change in an input is reflected
on the output. Dynamic circuits are precharged to a first state
and conditionally discharge to a second state based on
certain input values. If the input values change after the
discharge, the changes in the inputs are not propagated to the
outputs. Generally, dynamic circuits receive at least one
clock signal controlling the precharge and evaluation of the
dynamic circuits. Dynamic circuits may be described as
belonging to a dynamic phase. The precharge and evaluate
of the dynamic circuits belonging to a dynamic phase occur
approximately concurrently. Dynamic circuits belonging to
different dynamic phases precharge and evaluate at different
times. In the illustrated embodiment, there are two dynamic
phases (A phase, with the precharge and evaluate phases
determined by the ACLK(s), and B phase, with the pre-
charge and evaluate phases determined by the BCLK(s)).
The ACLK(s) may be approximately 180° out of phase with
the BCLK(s) (i.e. the precharge phase of the A phase may
occur approximately concurrent with the evaluate phase of
the B phase, and vice versa).

[0072] As used herein, a static storage device may be a
storage device having a static logic output. Also, dedicated
scan circuits are circuits which are used only to provide scan
functionality.

[0073] Turning now to FIG. 7, a timing diagram is shown
illustrating operation of one embodiment of the scan inter-
face for the integrated circuit 10. Other embodiments are
possible and contemplated. FIG. 7 illustrates the local
clocks (Local _CLKs, which may include the ACLK and
BCLK, although one is approximately 180° out of phase
with the Local_CLKs), the scan clock SCLK, and the scan
mode signal SMODE.

[0074] The local clocks toggle for functional operation
(e.g. two pulses are shown in FIG. 7) and then are stopped
in preparation for scanning. The scan mode signal is asserted
to indicate that scan is active. The scan clock is then toggled
for a number of periods to scan in the test data. During
scanning, the scan mode signal remains asserted. Subse-
quent to the last scan clock assertion, the scan mode signal
is deasserted. In one embodiment, the scan mode signal may
be deasserted prior to or subsequent to the first rising edge
of the local clocks after scanning is complete, as illustrated
by the dashed lines in FIG. 7. In one embodiment, the scan
mode signal may be deasserted any time between the falling
edge of the last scan clock and the falling edge of the first
local clock. In other embodiments, the scan mode signal
may deassert before the rising edge of the first local clock,
or after the rising edge of the first local clock.

[0075] 1t is noted that the scan clock and the local clock
may have different periods. For example, the scan clock may
be toggled at a lower frequency than the local clock, so that
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the timing requirements on the circuitry involved in scan-
ning, including any dedicated scan circuits that may be
included, may be less stringent than functional timing
requirements. The dedicated scan circuits may be sized
significantly smaller than the functional circuits, thus less-
ening the impact of the dedicated scan circuits on the silicon
area occupied by the integrated circuit 10.

[0076] Generally, a signal may be defined to be asserted in
any logic state, and to be deasserted in the opposite logic
state. For example, a signal may be defined to be asserted
when in a high logic state and deasserted when in a low logic
state (e.g. as shown in FIG. 7 for the scan mode signal).
Alternatively, a signal may be defined to be asserted when
in a low logic state and deasserted in a high logic state. In
yet another alternative, a signal may be implemented dif-
ferentially, with one difference indicating assertion and the
opposite difference indicating deassertion. The example
shown in FIG. 7 will be used for the remainder of this
disclosure, but other examples may be used in other embodi-
ments.

[0077] Turning now to FIG. 8, a circuit diagram illustrat-
ing one embodiment of static scan circuitry is shown. Other
embodiments are possible and contemplated. In the embodi-
ment of FIG. 8, two static storage devices 70A and 70B
included in a scan chain are shown. The storage devices
70A-70B are coupled to receive the local clock Local_CLK
as a functional clock, and the scan clock SCLK as a scan
clock. The storage devices 70A-70B include a functional
input (In) and a scan input (SCIn). The scan input is used to
connect the storage devices 70A-70B into a scan chain, and
the functional input is used for functional operation. The
storage devices 70A-70B also include an output (Out) which
outputs the stored data (either scan data from the scan input
or functional data from the functional input). The output of
the storage device 70A is coupled to static logic 72, which
generates a functional input to the storage device 70B. The
output of the storage device 70A is also coupled to the
dedicated scan circuit 74, which is further coupled to the
scan input of the storage device 70B. In the illustrated
embodiment, the dedicated scan circuit 74 includes a scan
latch 76 and a logic circuit controlling the scan latch. In the
illustrated embodiment, the logic circuit includes a NOR
gate 78 coupled to receive the scan clock and an inversion
of the scan mode signal through an inverter 80. In the
illustrated embodiment, the scan latch 76 includes a passgate
82 controlled by the logic circuit, a latch 84 comprising
cross coupled inverters, and an output inverter 86.

[0078] If the scan mode signal is deasserted, the output of
the inverter 80 is a logical one, which causes the output of
the NOR gate 78 to be a logical zero regardless of the state
of the scan clock. Thus, the passgate 82 is closed in response
to the scan mode signal being deasserted in the illustrated
embodiment, isolating the rest of the scan latch 76 from the
output of the storage device 70A. Thus, the scan latch
circuitry 76 does not toggle in response to the output of the
storage device 70A if the scan mode signal is deasserted,
which may reduce the power consumed in the scan latch 76
when scan is inactive. Additionally, the load presented on the
output of the storage device 70A by the scan latch 76 when
scan is inactive may be the diffusion capacitance of the
passgate 82, whereas the load when scan is active also
includes current drawn by the latch 84 to toggle based on the
state of the output of the storage device 70A.
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[0079] On the other hand, if the scan mode signal is
asserted (scan is active), the output of the inverter 80 is a
logical zero and thus the output of the NOR gate 78 is the
inverse of the scan clock. Thus, during the high phase of the
scan clock, the passgate is closed and during the low phase
of the scan clock, the passgate is open. The storage devices
70A-70B may capture a value from the scan input in
response to the rising edge of the scan clock (and may
propagate the value to the output of the storage device
70A-70B shortly thereafter). The scan latch 76 is closed
during the high phase of the scan clock, and thus may serve
to prevent a race condition between the output of the storage
device 70A changing in response to its scan input and the
scan input of the storage device 70B. In the illustrated
embodiment, the storage devices 70A-70B update in
response to the rising edge of the scan clock, and the new
output value of the storage device 70A is propagated to the
scan input of the storage device 70B during the low phase of
the scan clock. The scan latch 76 holds the propagated value
during the high phase of the scan clock, providing hold time
for the scan input of the storage device 70B.

[0080] As mentioned above, the storage devices 70A-70B
and the dedicated scan circuit 74 may form part of a scan
chain. The scan input of the storage device 70A may be
coupled to a preceding element in the scan chain (either
another storage device or a dynamic circuit such as the
circuit illustrated in FIG. 9) or the scan in input to the
integrated circuit 10, if the storage device 70A is the first
element in the scan chain. The output of the storage device
70B may be coupled to a subsequent element in the scan
chain or the scan out output of the integrated circuit 10, if the
storage device 70B is the last element in the scan chain. The
storage devices 70A-70B may be viewed as forming a
master storage element of a master-slave structure, and the
scan latch 76 may be the slave storage element.

[0081] The storage devices 70A-70B may be any type of
storage device which supports scan. Generally, the storage
devices 70A-70B may be configured to capture the data
provided on the input (In) in response to the functional clock
(Local_CLK) and to capture the data provided on the scan
input (SCIn) in response to the scan clock (SCLK). The
captured data is provided on the output. While the output of
the storage devices 70A-70B supplies both the dedicated
scan circuit 74 and the functional path (the static logic 72),
other embodiments may include a separate scan out output
for the scan chain. A portion of an exemplary storage device
(in particular, a flop) is shown in FIG. 10.

[0082] 1t is noted that, while the logic circuit for control-
ling the scan latch 76 includes a NOR gate 78 and an inverter
80, other embodiments may include any logic circuit, depen-
dent on the definition of assertion of the scan mode signal,
the scan clock, and the control inputs provided on the scan
latch 76. Furthermore, any Boolean equivalents of the logic
circuit may be used. Additionally, the inverter 86 in the scan
latch 76 is provided so that the output of the scan latch 76
has the same binary sense as the input to the scan latch. In
other embodiments, the inverter 86 may be eliminated and
the inversion provided by the scan latch may be accounted
for in the scan data that is supplied to the scan in input of the
integrated circuit 10.

[0083] In one embodiment, the static storage devices may
be flops, although other devices may be used in other
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embodiments (e.g. latches, registers, etc.). If the flops are
edge triggered, an alternative dedicated scan circuit may
include an inverter delay chain to eliminate the potential
race condition between the output of the flop 70A changing
and the flop 70B sampling the SCIn input in response to the
scan clock SCLK.

[0084] 1t is noted that, in some cases, there may be a race
condition between the SCLK rising edge (which may cause
the SCIN input of the storage device 70A to appear on the
output of the storage device 70A) and the passgate 82
closing in response to the SCLK rising edge. If such a race
condition exists, the SCLK signal supplied to the storage
device 70A may be delayed (e.g. using an inverter delay
chain) with respect to the SCLK signal supplied to the NOR
gate 78. Alternatively, there may be no race condition due to
layout of the circuitry, etc.

[0085] In another alterative that may be used with some
embodiments of the storage device 70A, the logic circuitry
78 and 80 may be used to supply the scan clock SCLK to the
storage device 70A and the scan clock SCLK may be used
to control the passgate 82.

[0086] Turning now to FIG. 9, a circuit diagram of one
embodiment of a dynamic logic circuit 90 including a
dedicated scan circuit (the dynamic scan circuit 92) for
supporting scanning is shown. Other embodiments are pos-
sible and contemplated. The dynamic logic circuit 90 may be
included in a scan chain with other dynamic logic circuits or
static circuits (e.g. circuitry such as shown in FIG. 8). The
dynamic logic circuit 90 includes a precharge transistor T6
and an evaluate transistor T7 having gate nodes coupled to
receive the ACLK or BCLK that controls the dynamic phase
to which the dynamic logic circuit belongs, as well as one or
more pull downs 94 coupled in series with the evaluate
transistor T7. The pull downs 94 are coupled to receive the
dynamic inputs to the dynamic circuit 90, and may have any
structure to perform the logic desired in the dynamic logic
circuit 90. The node 96 to which the precharge transistor T6
and the pull downs 94 are coupled is coupled to an inverter
98, the output of which is the functional output of the
dynamic logic circuit 90. The transistor T8 has its gate node
coupled to the functional output, and has a source node
coupled to the power supply and a drain node connected to
the node 96. The transistor T8, during functional operation,
is configured to actively retain the precharge of the node 96
during the evaluate phase if the pull downs 94 (in combi-
nation with the evaluate transistor T7) do not discharge the
node 96. The dynamic scan circuit 92 is coupled to the node
96 as well as the functional output. More particularly, the
dynamic scan circuit 92 includes a series connection of
transistor T9 and T10, a scan latch 100, a passgate 102, and
a logic circuit including a NOR gate 104 and an inverter 106
in the illustrated embodiment. The scan latch 100 has an
input coupled to the functional output and an output forming
the scan output (SCOUT) of the dynamic scan circuit 92.
The scan latch 100 is controlled by the output of the NOR
gate 104, which is also connected to the gate node of the
transistor T10. The gate node of the transistor T9 is con-
nected to the functional output. In the illustrated embodi-
ment, the drain node of the transistor T9 is connected to the
node 96 and the source node of the transistor T9 is connected
to drain node of the transistor T10, which has a source node
coupled to ground. The passgate 102 is connected to the
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node 96 and to the scan input of the dynamic scan circuit 92.
The passgate 102 is controlled by the scan clock.

[0087] 1If the transistor T10 is active, the transistors T8 and
T9 and the inverter 98 operate as a set of cross coupled
inverters. Thus, the value on the node 96 is actively main-
tained (if the transistor T10 is active) in either state (high or
low). If the transistor T10 is inactive, the transistor T8
actively maintains a high state (logic 1) on the node 96 but
the transistor T9 is prevented from actively maintaining a
low state (logic 0) on the node 96 (e.g. similar to the
operation of a typical dynamic logic circuit that does not
include the dynamic scan circuit 92).

[0088] In the illustrated embodiment, the transistor T10 is
controlled by the output of the NOR gate 104. If scan is
inactive (the scan mode signal is deasserted), the output of
the inverter 106 is a logical one and thus the output of the
NOR gate 104 is a logical zero regardless of the state of the
scan clock. Therefore, the transistor T10 is inactive if scan
is inactive. If scan is active (the scan mode signal is
asserted), the output of the NOR gate is the inverse of the
scan clock. Accordingly, the transistor T10 is active during
the low phase of the scan clock and inactive during the high
phase. The combination of the transistors T8, T9, and T10
actively hold the value on the node 96 during the low phase
of the scan clock. During the high phase of the scan clock,
the transistors T10 and T9 do not actively drive the node 96.
However, during the high phase of the scan clock, the
passgate 102 is open and thus the scan input (SCIn) to the
dynamic scan circuit 92 drives the node 96. By deactivating
the transistor T10 during the high phase of the scan clock
during scanning, the transistor T9 and T10 do not resist the
driving of the node 96 by the scan input. In other embodi-
ments, the transistor T10 may alternatively be driven
directly by the scan mode signal (or the inverse thereof, if
the scan mode signal is defined to be asserted low).

[0089] Providing the transistor T9 and T10 for operation
during scan mode ensures that the value on the node 96 is
actively driven in either state. If a binary zero is scanned
onto the node 96 via the scan input, the value is actively held
by the transistor T9 (active because the functional output is
a binary one) and the transistor T10 (active during the low
phase of the scan clock). This circuit arrangement may
provide flexibility in the speed at which scan testing is
performed. Since the scan value is actively held on the node
96, the scan data may not be lost due to leakage currents in
inactive transistors connected to the node 96 even if the scan
data is left on the node 96 for a relatively long period of time.
Similarly, the arrangement may provide scalability to dif-
ferent manufacturing processes (where leakage currents in
transistors may be greater, and thus leakage of the node 96
may be higher).

[0090] The scan clock is held low when scanning is not
being performed, and the passgate 102 is closed when the
scan clock is low. Thus, the node 96 is isolated from the scan
input during functional operation. Alternatively, the passgate
102 may be controlled by a combination of the scan clock
and scan mode signal such that the scan mode signal ensures
that the passgate 102 is closed if scan is inactive and
controlled by the scan clock as described above if scan is
active.

[0091] The combination of the inverter 98 with the tran-
sistors T8, T9, and T10 may be viewed as a master storage
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element in a master/slave structure, and the scan latch 100
may be the slave. The scan latch 100 may generally be
similar to the scan latch 76 shown in FIG. 8. Alternatively,
any storage device may be used.

[0092] Since the passgate in the scan latch 100 is closed if
scan is inactive (similar to the above discussion with respect
to FIG. 8) and the transistor T10 is inactive if scan is
inactive for the illustrated embodiment, the dynamic scan
circuit 92 may generally not operate if scan is inactive. That
is, the circuitry forming the dynamic scan circuit 92 may
generally not toggle during functional operation, thus reduc-
ing the power consumption of the dynamic scan circuit 92
during functional operation. Additionally, the load presented
by the dynamic scan circuit 92 may comprise the diffusion
capacitance of the passgate in the scan latch 100 and the gate
node capacitance of the transistor T9 on the functional
output, and the diffusion capacitance of the passgate 102 and
the transistor T9 on the node 96. The loading may be
relatively light, and thus the impact on the functional speed
of the dynamic logic circuit 90 may be relatively light.

[0093] Generally, the transistor sizes of the dedicated scan
circuitry shown in FIGS. 8 and 9 may be any desired size.
The transistor sizes in the dedicated scan circuitry may be
made smaller than the transistor sizes typically used in the
functional circuits in some embodiments, since scan is often
performed at a lower frequency than functional operation. In
one implementation, the transistors T9 and T10 may be sized
similar to the transistor T8. Alternatively or additionally, the
transistors in the dedicated scan circuitry may be designed to
have a high threshold voltage (which may reduce leakage
current in the transistors).

[0094] Tt is noted that the gate node connections to the
transistors T9 and T10 may be reversed in other embodi-
ments. That is, the gate node of the transistor T9 may be
connected to the output of the NOR gate 104 and the gate
node of the transistor T10 may be connected to the func-
tional output of the dynamic logic circuit 90. It is further
noted that, while the logic circuit controlling the transistor
T10 and the scan latch 100 comprises a NOR gate 104 and
an inverter 106 in the illustrated embodiments, other
embodiments may employ any logic circuit, dependent on
the definition of assertion of the scan mode signal, the scan
clock, and the control inputs provided on the scan latch 100
and the transistor T10. Furthermore, any Boolean equiva-
lents of the logic circuit may be used.

[0095] In the illustrated embodiment, the transistors T6
and T8 may be PMOS transistors and the transistors T7, T9,
and T10 may be NMOS transistors, although other types of
transistors may be used in other embodiments.

[0096] As used herein, the term “functional operation”
refers to the operation of a circuit when scan is not active
(that is, when the circuit is performing its designed function
rather than operating in the scan test mode).

[0097] Turning next to FIG. 10, a block diagram of an
exemplary portion of a flop circuit 110 which may be
included in the storage devices 70A or 70B is shown. Other
embodiments are possible and contemplated.

[0098] The transistors T21, T22, T24, and T25 form
cross-coupled inverters than can be used as a memory cell.
During the low phase of the local clock (Local_CLK) during
functional operation (scan clock is low), the transistors T20
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and T23 precharge the input and output nodes of the
inverters to a high voltage. During the high phase of the
clock, the transistor T29 activates. The input signal (In) and
its complement (In with a bar over it) are coupled to the
transistors T26 and T27. Operation for In being a one (and
thus In with a bar over it being a zero) will be described first.
Transistor 26 is active, and transistor T27 is inactive. There-
fore, the node N1 begins discharging through T26 (active
due to the In signal being a one), T28 (which is always
active) and T25 (active due to the precharge). The node N2
(which is also the output node) begins discharging through
T26 and T24 (active due to the precharge). Since node N2
is being discharged through two transistors while N1 is
being discharged through three transistors, N2 is discharged
more rapidly (which also causes T25 to deactivate and T22
to activate) and thus the node N1 finishes at a high voltage
and the node N2 finishes at a low voltage. Similar operation
occurs if In is a zero, except that T27 is active instead of T26
and N1 finishes at a low voltage, and the node N2 finishes
at a high voltage.

[0099] The transistors T32 and T33 operate similar to the
transistors T26 and T27, respectively, in response to the scan
input and its inverse, during the high phase of the scan clock,
thus storing the scan input in the cross coupled inverter
structure formed by the transistors 121, T22, T24, and T25.
During the low phase of the scan clock, the transistors T30
and T31 precharge the input and output nodes of the cross
coupled inverter structure (since the local clock is held low
during scan and therefore the transistors T20 and T23 are
active). Additionally, during the high phase of the scan
clock, the transistors T30 and T31 serve to isolate the cross
coupled inverter structure from the transistors T20 and T23
(which remain active due to the local clock remaining low).

[0100] In the illustrated embodiment, the transistors T35
and T36 are coupled to the scan clock and prevent the
transistors T32 and T33 from having an effect on the rest of
the flop 110 if the scan clock is low. Thus, during functional
operation, the load presented on the drains of the T26 and
T27 transistors by the scan transistors 132, T33, T34, and
T35 may be limited to the diffusion capacitance of the
transistors T34 and T35. In other embodiments, the transis-
tors T32 and T33 may be coupled to a transistor controlled
by the scan clock similar to the transistors T26, T27, and
T29.

[0101] The nodes N2 and N1 represent the value stored in
the flop 110. One or both of the nodes N2 and N1 may be
buffered to supply the output of a flop. For example, in one
embodiment, the node N2 may be coupled to the input of a
dynamic to static converter circuit, the output of which may
be the output of the flop. Alternatively, a pair of cross-
coupled 2-input NAND gates may have their other inputs
coupled to the N2 and N1 nodes, respectively, and the output
of one of the NAND gates may form the functional output
of the flop.

[0102] Scanning of Dynamic Logic Circuits

[0103] Turning now to FIGS. 11-16, two examples of
scanning scan data into a given node of a set of dynamic
logic circuits are shown. The clocks provided to various
dynamic logic circuits are shown, for ensuring that the scan
data propagates through subsequent dynamic logic circuits
and for ensuring that a result of the scan data reaches a
sampling device prior to the scan out of the result data.
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Additionally, the clocks may ensure that the scan data is
protected from change until it propagates. The clocking
illustrated in these examples may be used in certain embodi-
ments, although other embodiments may employ dynamic
logic scanning without the clocking illustrated in the fol-
lowing examples (e.g. the dynamic logic circuits which are
scanned may include local circuitry to control the clocks
during scanning, or may feed only static logic, etc.).

[0104] The example illustrated in FIGS. 11-13 is an
example in which scan data is scanned into an output node
of a dynamic logic circuit which belongs to a first dynamic
phase, and the sampling point is through one or more
dynamic logic circuits in the first dynamic phase and one or
more dynamic logic circuits in a second dynamic phase. For
example, the first dynamic phase may be the A-phase,
corresponding to an ACLK which is approximately 180° out
of phase with the clock input to the conditional clock buffers
in functional operation, and the second dynamic phase may
be the B-phase, corresponding to a BCLK which is approxi-
mately in phase with the clock input to the conditional clock
buffers in functional operation. However, the opposite
phases may be used in other examples. The example illus-
trated in FIGS. 14-16 is an example in which scan data is
scanned into an output node of a dynamic logic circuit which
belongs to a first dynamic logic phase, and the sampling
point is through one or more dynamic logic circuits in the
first dynamic phase. For example, the first dynamic phase
may be the B-phase in the example of FIGS. 14-16, but may
be the A-phase in other examples.

[0105] Turning now to FIG. 11, a circuit diagram illus-
trating one embodiment of a set of dynamic circuits 120A-
120F coupled to provide a logic function is shown. Particu-
larly, the output of the dynamic logic circuit 120A is coupled
as an input to the dynamic logic circuit 120B; the output of
the dynamic logic circuit 120B is coupled as an input to the
dynamic logic circuit 120C; etc. Each dynamic logic circuit
120A-120F includes one or more dynamic inputs (on the left
side of the corresponding dynamic logic circuit as illustrated
in FIG. 11), at least one dynamic output (on the right side
of the corresponding dynamic logic circuit as illustrated in
FIG. 11), a precharge input (labeled P in FIG. 11), and an
evaluate input (labeled E in FIG. 11). The dynamic logic
circuits 120A-120C are in the A-phase and the dynamic
logic circuits 120D-120F are in the B-phase for this
example. The dynamic logic circuit 120A is coupled to
receive an input from a flop 122 clocked by BCLK (i.e. the
dynamic logic circuit 120A is the first stage in the logic
function). The dynamic logic circuit 120F is coupled to
provide an output to a flop 124 clocked by ACLK.

[0106] Generally, each dynamic logic circuit 120A-120F
is configured to precharge in response to its precharge input
and is configured to conditionally evaluate in response to its
evaluate input. Particularly, a pulse low on the precharge
input (a “precharge pulse”) causes a dynamic logic circuit
120A-120F to precharge and a pulse high on the evaluate
input (“an evaluate pulse”) causes a dynamic logic circuit
120A-120F to conditionally discharge based on the dynamic
inputs to that dynamic logic circuit (although other embodi-
ments may use different pulses to cause precharge and
evaluation). For example, in dynamic logic circuits similar
to the dynamic logic circuit 90 shown in FIG. 9, the
precharge input may be the gate node of the transistor T6 and
the evaluate input may be the gate node of the transistor T7.
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In functional operation, the dynamic logic circuits in a given
phase precharge and evaluate substantially concurrently. For
scan testing, however, some of the dynamic logic circuits in
a given phase may precharge and evaluate while others do
not. Thus, there may be several clocks corresponding to a
given phase which operate the same way in functional
operation but which operate different than each other when
scan is active.

[0107] Inthe example of FIG. 11, the output node (N3) of
the dynamic logic circuit 120A receives scan data. That is,
the dynamic logic circuit 120A may be similar to the
dynamic logic circuit 90 shown in FIG. 9 (including the
dedicated scan circuitry). The other dynamic logic circuits
120B-120F do not receive scan data (or provide scan data)
in this example and thus may be dynamic logic circuits
without the dedicated scan circuitry (although the dedicated
scan circuitry may be included in these dynamic logic
circuits as well, if desired).

[0108] After the scan data has been provided on the node
N3 (e.g. through the internal node 96 in FIG. 9), the result
corresponding to the scan data at the sampling point (the flop
124 in this example, although any storage device could be
used in other embodiments) is computed. That is, the effect
of the scan data is propagated through the dynamic logic
circuits 120B-120F to the sampling point. Particularly, for
the illustrated embodiment, each dynamic logic gate 120B-
120C in the same dynamic phase (the A-phase) receives at
least one evaluate pulse subsequent to the scan data being
provided on the node N3. The evaluate pulse computes the
result up to the end of the dynamic phase (e.g. the dynamic
logic gate 120C in this example). In other words, the effect
of the scan data is propagated to the output of the dynamic
logic gate 120C. Subsequent to the evaluate pulse in the
A-phase, at least one B-phase evaluate pulse is provided to
the B-phase dynamic logic circuits 120D-120F to propagate
the effect of the scan data to the output of the dynamic logic
circuit 120F. That is, the result corresponding to the scan
data is propagated to the output of the dynamic logic circuit
120F (the input of the sampling flop 124). The sampling flop
may then be clocked to sample the output, and the output
may be scanned out of the flop 124.

[0109] Additionally, in the illustrated embodiment, the
precharge and evaluate of the dynamic logic circuit 120A
may be controlled to isolate the output (node N3) from any
changes due to the functional operation of the dynamic logic
circuit 120A while scan is active. That is, the precharge and
evaluation of the dynamic logic circuit 120A may be pre-
vented until the scan data has been propagated to the
sampling point and sampled.

[0110] In the illustrated embodiment, the dynamic logic
circuit 120A receives an ACLKP clock on the precharge
input and the ACLK clock on the evaluate input (where the
ACLK clock is the clock which controls the flop 124 as
well). The remaining A-phase dynamic logic circuits 120B-
120C receive an ACLKdyn clock on both their precharge
and evaluate inputs. Each of the ACLKP, ACLK, and
ACLKdyn clocks are generated by dynamic scan/clock
buffers 54 in FIG. 6. The dynamic scan/clock buffers 54
generate the ACLKP, ACLK, and ACLKdyn clocks based on
the functional clock when scan is not active, and based on
the scan clock and/or scan mode signal when scan is active.
Additionally, a BCLK clock is provided on the precharge
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and evaluate inputs of each of the B-phase dynamic logic
circuits 120D-120F. The BCLK clock may be generated by
conditional or unconditional clock buffer circuits based on
the functional clock, as illustrated in FIG. 12, or may also
be generated using a dynamic scan/clock buffer circuit 54.

[0111] Tt is noted that, while the dynamic logic circuits
120A-120F resemble AND gates in FIG. 11, the symbol is
intended to represent an arbitrary logic function in FIG. 11.
Each dynamic logic circuit 120A-120F may implement any
logic function, as desired, and different logic functions may
be implemented in the various dynamic logic circuits 120A-
120F. It is further noted that the maximum number of
dynamic logic circuits in series which belong to the same
dynamic phase may vary from embodiment to embodiment.

[0112] Tt is noted that, while scan data is scanned onto the
output of the first A-phase stage in the logic function in FIG.
11, any stage in the A-phase of the logic function may be
configured to receive the scan data (and receive the ACLKP
and ACLK clocks) in other examples.

[0113] FIG. 12 is a timing diagram illustrating one
example of the clocks shown in FIG. 11 and their control
during functional operation and scan. Other embodiments
are possible and contemplated. The functional clock input to
the clock buffers in the clock tree is shown (CIk), as well as
the scan clock and the scan mode signal. The ACLK,
ACLKP, ACLKdyn, and BCLK clocks are shown.

[0114] Two periods of the functional clock Clk are shown
prior to stopping the functional clock for scanning. As FIG.
12 illustrates, each of the ACLK, ACLKP, and ACLKdyn
clocks are approximately 180° out of phase with the func-
tional clock (and are approximately in phase with each
other). Additionally, the BCLK clock is approximately in
phase with the functional clock.

[0115] The functional clock is stopped (low in this
example), and thus oscillations of the ACLK, ACLKP,
ACLKdyn, and BCLK clocks in response to the functional
clock also stop. In particular, the ACLK, ACLKP, and
ACLKdyn clocks may stop in a high state (if the condition
signal is asserted for the last falling edge of the functional
clock) or a low state (if the condition signal is deasserted for
the last falling edge of the functional clock) and the BCLK
clock may stop in the low state.

[0116] To prevent the precharging of the dynamic logic
circuit 120A when the scan data is scanned into the node N3,
the ACLKP clock is held high during scan. To prevent
evaluation of the dynamic logic circuit 120A during scan,
the ACLK clock is held low. In this example, the assertion
of the scan mode signal is used to drive the ACLK clock low.
Thus, before data is scanned into the node N3, the evaluation
of the dynamic logic circuit 120A is stopped. For the
ACLKdyn clock, at least one evaluate pulse is generated
before the pulse on the ACLK clock that causes the result to
be captured in the flop 124. There may be additional evaluate
and/or precharge pulses while scanning is active, and in the
example shown, the ACLKdyn clock toggles approximately
180° out of phase with the scan clock. In other embodiments,
only one evaluate pulse may be generated on the ACLKdyn
clock.

[0117] After scanning completes, the functional clock is
pulsed at least once (although multiple pulses may be used
if desired). The first pulse on the ACLK clock after scanning
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completes is indicated by the arrow 130. This pulse causes
the result on the output of the dynamic logic circuit 120F to
be captured in the flop 124. Prior to this pulse, at least one
pulse occurs on the BCLK clock to propagate the effect of
the scan data through the B-phase dynamic logic circuits,
and prior to the pulse on the BCLK is at least one pulse on
the ACLKdyn clock to propagate the effect of the scan data
through the A-phase dynamic logic circuits. The pulse on the
BCLK clock is indicated by the arrow 132, and the pulse on
the ACLKdyn clock is indicated by the arrow 134.

[0118] Turning next to FIG. 13, a circuit diagram of one
embodiment of a clock buffer circuit 140 is shown. Other
embodiments are possible and contemplated. The embodi-
ment of FIG. 13 is based on the conditional clock buffer
circuit 20A shown in FIG. 5, and the transistors T1, T2, T3,
and T4 (and optionally T5, not shown in FIG. 13) operate
similar to the discussion of FIG. § in functional operation,
in response to the functional clock Clk and the condition
signal Con. The functional clock is inverted in this embodi-
ment to provide the 180° out of phase output O. Addition-
ally, the latch circuit 34 and the inverter 46 may operate
similar to the above circuit in functional mode. Furthermore,
the latch circuit 34 may provide stability of the output O and
the internal node 36 during scan by latching the value
provided on the node 36 by the other transistors in the
circuit. The clock buffer circuit 140 includes additional
transistors T11 and T12 (and optionally T13), a NOR gate
144, and inverters 146 and 148. The transistor T11 includes
a gate node connected to the output of the NOR gate 144, a
drain node connected to the node 36, and a source node
connected to the drain node of the transistor T13. The
transistor T13 also has a source node coupled to ground and
a gate node coupled to receive the inverted clock Clk. The
NOR gate 144 has inputs coupled to receive an input I1 and
to the output of the inverter 148, which has an input coupled
to receive an input I12. The transistor T12 includes a source
node coupled to the power supply, a drain node connected to
the node 36, and a gate node coupled to the output of the
inverter 146, which has an input coupled to receive the input
I1.

[0119] The clock buffer circuit 140 may be used to form
the dynamic scan/clock buffers 54 for the example shown in
FIG. 11. That is, copies of the clock buffer circuit 140 may
be instantiated with the their inputs programmed as shown
in the table in FIG. 13 to generate the ACLKP, ACLK, and
ACLKdyn clocks. Multiple copies of the clock buffer circuit
140 may be programmed the same way to generate multiple
signals corresponding to a given clock (e.g. for loading
purposes). The BCLK clock may be generated using a
conditional clock buffer circuit 20A similar to the embodi-
ment in FIG. 5 (or an unconditional clock buffer circuit)
based on the functional clock, since the BCLK clock follows
the functional clock in this example.

[0120] When the functional clock Clk is stopped in a low
state, the transistor T2 is active and the transistors T1 and
(after a delay) T4 are inactive. The transistor T3 is active or
inactive based on the state of the condition signal. Assuming
the condition signal was asserted for the last falling edge of
the functional clock CIk, the node 36 is discharged and thus
the output O is high when the functional clock is stopped.
Alternatively, if the condition signal was not asserted for the
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last falling edge of the functional clock CIk, the node 36 is
not discharged and the output O is low when the functional
clock is stopped.

[0121] The table in FIG. 13 illustrates the clock output O
desired (either ACLK, ACLKP, or ACLKdyn) and the cor-
responding connections of the I1 and 12 inputs for the copy
or copies of the clock buffer circuit 140 used to generate that
clock. Thus, for the ACLK clock, the input I1 is coupled to
the scan mode signal (SMODE) and the input 12 is coupled
to ground. The input 12 being coupled to ground causes the
output of the NOR gate 144 to be a logical zero, and thus the
transistor T1 1 is inactive. The input I1 being coupled to the
scan mode signal causes the transistor T12 to activate in
response to an assertion of the scan mode signal. Thus, the
transistor T12 charges the node 36 (and thus the ACLK
clock is forced low) in response to the asserted scan mode
signal.

[0122] For the ACLKP clock, the input I1 is grounded and
the input I2 is coupled to the scan mode signal. The
grounding of the input I1 causes the T12 transistor to be
inactive. The connection of the 12 signal to the scan mode
signal causes the transistor T11 to be active if scan is active.
Assuming the clock CIk is low (and thus the gate node of the
transistor T13 is high), the transistors T11 and T13 discharge
the node 36, and thus the ACLKP clock is high during scan.
It is noted that the transistor T11 may be optional if the
condition signal is asserted at the last falling edge of the
functional clock, since the node 36 is discharged in this case.
It is further noted that, if the scan mode signal is deasserted
prior to the first assertion of the clock CIk, the transistor T13
may be optional. The transistor T13 prevents contention
between the transistor T11 and the transistor T1 if the scan
mode signal is still asserted during the first assertion of the
clock Clk (which activates the transistor T1).

[0123] For the ACLKdyn clock, the input I1 is coupled to
the scan clock and the input 12 is coupled to the scan mode
signal. With the input 12 signal to the scan mode signal and
the input I1 coupled to the scan clock, the output of the NOR
gate 144 is in the inverse of the scan clock when scan is
active. Therefore, during the low phase of the scan clock, the
transistor T11 is active and discharges the node 36 (the
transistor T13 is active due to the inverse of the clock Clk
being high during scan). Additionally, coupling the I1 input
to the scan clock signal causes the transistor T12 to be active
during the high phase of the scan clock, charging the node
36 and causing the ACLKdyn clock to be low. Therefore, the
ACLKdyn clock may be approximately 180° out of phase
with the scan clock during scanning. The transistor T13 may
be used to prevent contention between the transistor T11 and
the transistor T1 if the scan mode signal remains asserted for
the first assertion of the clock CIk, as mentioned above, and
may be deleted if the scan mode signal is deasserted prior to
the first assertion of the clock Clk.

[0124] Tt is noted that the T11, T12, and T13 transistors
may be sized smaller than the transistors T1-T4, in some
embodiments. It is further noted that, while copies of the
clock buffer circuit 140 may be included in the dynamic
scan/clock buffer circuits 54 with different connections on
the I1 and 12 inputs to generate the ACLK, ACLLKdyn, and
ACLKRP clocks, in other embodiments the unused transistors
(and corresponding input logic circuits, in the case of the
transistors T11 and T12) may be removed (e.g. the transis-
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tors T11 and T13 may be removed for the ACLK buffer; and
the transistor T12 may be removed for the ACLKP buffer).
Using the same circuit with different connections on the
inputs may simplify the verification of the circuit for use in
the integrated circuit 10, since clock circuits are often given
extra verification effort to ensure their proper operation.

[0125] Tt is noted that, while each dynamic logic circuit
shown in FIG. 11 includes an evaluate input, in some
embodiments some of the dynamic logic circuits may not
include an evaluate input (i.e. they may evaluate in response
to inputs being asserted). It is still further noted that, while
the clock buffer circuit 140 is conditional in this embodi-
ment, in other embodiments the clock buffer may not be
conditional, if desired.

[0126] Tt is noted that, while specific logic circuits 144,
146, and 148 are shown in FIG. 13, other embodiments may
use other logic circuits, which may be dependent on the
definition of asserted for the input signals. Additionally, any
Boolean equivalents of the illustrated logic may be used.

[0127] In the illustrated embodiment, the transistors T11
and T13 may be NMOS transistors and the transistor T12
may be a PMOS transistor, although other transistor types
may be used in other embodiments.

[0128] 1t is noted that, in other embodiments, the drain
node of the transistor T11 may be coupled to the node
between the transistors T2 and T3 (since the transistor T2 is
active during scan), or to the node between the transistors T3
and T4 (if the condition signal is forced asserted during
scan).

[0129] Turning now to FIG. 14, a circuit diagram illus-
trating a second embodiment of a set of dynamic circuits
150A-150F coupled to provide a logic function is shown.
Particularly, the output of the dynamic logic circuit 150A is
coupled as an input to the dynamic logic circuit 150B; the
output of the dynamic logic circuit 150B is coupled as an
input to the dynamic logic circuit 150C; etc. The dynamic
logic circuits 150A-150F may be generally similar to the
dynamic logic circuits 120A-120F, except that the node N4
(the output of the dynamic logic circuit 150D) is the node
into which scan data is provided. Thus, the dynamic logic
circuit 150D may be similar to the dynamic logic circuit 90
shown in FIG. 9 and the other dynamic logic circuits
150A-150C and 150E-150F may or may not include dedi-
cated scan circuitry, as desired. The dynamic logic circuit
150A is coupled to receive an input from a flop 152 clocked
by BCLK, and the dynamic logic circuit 150F is coupled to
provide an output to a flop 154 (or other storage device)
clocked by ACLK.

[0130] After the scan data has been provided on the node
N4, the result corresponding to the scan data at the sampling
point (the flop 154 in this example) is computed. That is, the
effect of the scan data is propagated through the dynamic
logic circuits 150E-150F to the sampling point. Particularly,
for the illustrated embodiment, each dynamic logic gate
150E-150F receives at least one evaluate pulse subsequent
to the scan data being provided on the node N4, thus
propagating the effect of the scan data to the input of the flop
154. The sampling flop 154 may then be clocked to sample
the output, and the output may be scanned out of the flop
154. Additionally, in the illustrated embodiment, the pre-
charge and evaluate of the dynamic logic circuit 150D may
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be controlled to isolate the output (node N4) from any
changes due to the functional operation of the dynamic logic
circuit 150D while scan is active. That is, the precharge and
evaluation of the dynamic logic circuit 150D may be pre-
vented until the scan data has been propagated to the
sampling point and sampled. Several B-phase clocks may be
used to generate the above behavior, and each of the B-phase
clocks may be generated the same during functional opera-
tion.

[0131] In the illustrated embodiment, the dynamic logic
circuit 150D receives a BCLKP clock on the precharge input
and a BCLKE clock on the evaluate input. The remaining
B-phase dynamic logic circuits 150E-150F receive the
BCLK clock. Each of the BCLKP, BCLKE, and BCLK
clocks are generated by dynamic scan/clock buffers 54 in
FIG. 6. The dynamic scan/clock buffers 54 generate the
BCLKP, BCLKE, and BCLK clocks based on the functional
clock when scan is not active, and based on the scan mode
signal when scan is active.

[0132] 1t is noted that, while the dynamic logic circuits
150A-150F resemble AND gates in FIG. 14, the symbol is
intended to represent an arbitrary logic function in FIG. 14.
Each dynamic logic circuit 150A-150F may implement any
logic function, as desired, and different logic functions may
be implemented in the various dynamic logic circuits 150A-
150F. It is further noted that the maximum number of
dynamic logic circuits in series which belong to the same
dynamic phase may vary from embodiment to embodiment.

[0133] It is noted that, while scan data is scanned onto the
output of the first B-phase stage in the logic function in FIG.
14, any stage in the B-phase of the logic function may be
configured to receive the scan data (and receive the BCLKP
and BCLKE clocks) in other examples.

[0134] FIG. 15 is a timing diagram illustrating one
example of the clocks shown in FIG. 14 and their control
during functional operation and scan. Other embodiments
are possible and contemplated. The functional clock input to
the clock buffers in the clock tree is shown (CIk), as well as
the scan clock and the scan mode signal. In this case, the
scan mode signal falls after the rising edge of the functional
clock. The ACLK, BCLKP, BCLKE, and BCLK clocks are
shown.

[0135] Two periods of the functional clock Clk are shown
prior to stopping the functional clock for scanning. As FIG.
15 illustrates, each of the ACLK clock is approximately 180°
out of phase with the functional clock. The BCLKP,
BCLKE, and BCLK clocks are approximately in phase with
the functional clock (and are approximately in phase with
each other).

[0136] The functional clock is stopped (low in this
example), and thus oscillations of the ACLK, BCLKP,
BCLKE, and BCLK clocks in response to the functional
clock also stop. In particular, the ACLK clock may stop in
a high state and each of the BCLK, BCLKP, and BCLKE
clocks may stop in the low state (both states corresponding
to the low state of the functional clock CIk). Alternatively,
the ACLK clock may stop in a low state if the ACLK clock
is conditional and the condition signal is not asserted on the
last falling edge of the functional clock Clk. In either case,
pulsing the functional clock Clk after scanning results in the
ACLK clock going low, and then high again (which causes
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the flop 154 to capture the output of the dynamic logic
circuit 150F). The ACLK may be generated similar to the
example of FIGS. 11-13, which may cause the ACLK to go
low in response to the assertion of the scan mode signal.
Alternatively, the ACLK signal may be allowed to remain
high (or low, depending on the state of the condition signal
at the last falling edge of the clock CIKk) until the rising edge
of the clock Clk (which forces the ACLK low). This
operation is illustrated via the dotted line on the ACLK
waveform in FIG. 15.

[0137] During scanning, the BCLKE clock is held low and
the BCLKP clock is held high to prevent operation of the
dynamic logic circuit 150D during scan. The BCLKE clock
stops low, and thus is in the correct state when scanning
begins. However, the BCLKP clock is also low. The scan
mode signal is used to drive the BCLKP clock high. In this
manner the scan data is isolated from the dynamic logic
circuit 150D (arrows 160 and 162). The BCLK clock is also
low during scanning in this example, although the BCLK
clock may have any operation during scan as long as at least
one evaluate pulse occurs after scanning is complete and
before the pulse on the ACLK clock which causes the flop
154 to capture state. As with the example of FIGS. 11-13, the
generation of the BCLK clock in response to the functional
clock Clk provides the desired evaluate pulse (arrow 164),
and then the ACLK pulse occurs (arrow 166).

[0138] Turning next to FIG. 16, a circuit diagram of one
embodiment of a clock buffer circuit 170 is shown. Other
embodiments are possible and contemplated. The embodi-
ment of FIG. 16 is based on the conditional clock buffer
circuit 20A shown in FIG. 5, and the transistors T1, T2, T3,
and T4 (and optionally T5, not shown in FIG. 16) operate
similar to the discussion of FIG. § in functional operation,
in response to the functional clock Clk and the condition
signal Con. Additionally, the latch circuit 34 may operate
similar to the above circuit in functional mode. Furthermore,
the latch circuit 34 may provide stability of the output O and
the internal node 36 during scan by latching the value
provided on the node 36 by the other transistors in the
circuit. The clock buffer circuit 170 includes a NOR gate 172
in place of the inverter 46. The transistor which discharges
the output of the NOR gate 172 in response to the rising edge
of the functional clock may be sized similar to the above
discussion for the inverter 46. The NOR gate 172 also
includes an input coupled to an I5 signal. The clock buffer
circuit 170 further includes a NOR gate 174 coupled to
receive the functional clock Clk as an input and an 14 signal
as in input. The NOR gate 174 is coupled to an inverter 176,
the output of which is coupled to the gate nodes of the
transistors T1 and T2 and as an input to the NOR gate 172
Additionally, the clock buffer circuit 140 includes a transis-
tor T14 having a drain node connected to the node 36, a
source node coupled to ground, and a gate node coupled to
the 14 signal.

[0139] The clock buffer circuit 170 may be used to form
the dynamic scan/clock buffers 54 for the example shown in
FIG. 14. That is, copies of the clock buffer circuit 170 may
be instantiated with the their inputs programmed as shown
in the table in FIG. 16 to generate the BCLK, BCLKP, and
BCLKE clocks. Multiple copies of the clock buffer circuit
170 may be programmed the same way to generate multiple
signals corresponding to a given clock (e.g. for loading
purposes).
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[0140] The table in FIG. 16 illustrates the clock output O
desired (either BCLK, BCLKP, or BCLKE) and the corre-
sponding connections of the 14 and I5 signals for the copy
or copies of the clock buffer circuit 170 used to generate that
clock. Thus, for the BCLK clock, both the 14 and I5 signals
are grounded. In this case, the transistor T14 is inactive and
the clock buffer circuit 170 operates in the same fashion as
the clock buffer circuit 20A shown in FIG. 5 (that is, the
BCLK clock follows the functional clock CIK).

[0141] For the BCLKE clock, the 14 signal is grounded,
thus deactivating the transistor T14 and passing the func-
tional clock CIk to the output of the inverter 176. The I5
signal is coupled to the scan mode signal SMODE. Thus, if
scan is active, the output of the NOR gate 172 is a logical
zero and the transistor T4 is inactive. When the functional
clock Clk starts after scanning is complete (with the scan
mode signal still asserted as shown in FIG. 15), the gate
node of the transistor T4 is already zero and thus there is no
window in which both T2 and T4 are active. The node 36 is
not discharged for the first clock pulse of the functional
clock, and therefore the BCLKE clock remains low.

[0142] For the BCLKP clock, the I5 signal is grounded
and the 14 signal is coupled to the scan mode signal. Thus,
if scan is active, the T14 transistor is active and discharges
the node 36. The BCLKP clock is therefore high if scan is
active. Additionally, the 14 signal being active at the input of
the NOR gate 174 prevents the precharge transistor T1 from
activating while scan is active (since the functional clock
Clk is low, and would otherwise activate the transistor T1).
The BCLKP clock therefore remains high until after the first
pulse of the functional clock Clk.

[0143] Tt is noted that, while copies of the clock buffer
circuit 170 may be included in the dynamic scan/clock buffer
circuits 54 with different connections on the 14 and I5 inputs
to generate the BCLK, BCLKP, and BCLKE clocks, in other
embodiments the unused transistors and/or logic circuits
may be removed (e.g. the transistor T14, the NOR gate 174,
the inverter 176 may be removed and the NOR gate 172 may
be replaced by the inverter 46 for the BCLK buffer; the
transistor T14, the NOR gate 174, and the inverter 176 may
be removed for the BCLKE buffer; and NOR gate 172 may
be replaced by the inverter 46 for the BCLKP buffer). Using
the same circuit with different connections on the inputs may
simplify the verification of the circuit for use in the inte-
grated circuit 10, since clock circuits are often given extra
verification effort to ensure their proper operation.

[0144] Tt is noted that, while each dynamic logic circuit
shown in FIG. 14 includes an evaluate input, in some
embodiments some of the dynamic logic circuits may not
include an evaluate input (i.e. they may evaluate in response
to inputs being asserted). It is still further noted that, while
the clock buffer circuit 170 is conditional in this embodi-
ment, in other embodiments the clock buffer may not be
conditional, if desired.

[0145] Tt is noted that, while specific logic circuits 174,
176, and 172 are shown in FIG. 16, other embodiments may
use other logic circuits, which may be dependent on the
definition of asserted for the input signals. Additionally, any
Boolean equivalents of the illustrated logic may be used.

[0146] It is noted that the precharge phase and the evaluate
phase have been described above as being phases of the
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clock signal. However, it is contemplated that the precharge
phase and the evaluate phase may be derived from the
phases of the clock signal. The precharge phase may be
shorter or longer than the corresponding clock phase, as may
the evaluate phase, as desired. Thus, precharge of the
dynamic logic circuits may be responsive to a clock phase,
and evaluate may be responsive to a clock phase.

[0147] In the illustrated embodiment, the transistor T14
may be an NMOS transistor, although other transistor types
may be used in other embodiments.

[0148] Turning next to FIG. 17, a block diagram of a
computer accessible medium 300 including one or more data
structures representative of the integrated circuit 10 (e.g. the
embodiments shown in FIGS. 1 and/or 6) is shown. Gener-
ally speaking, a computer accessible medium may include
storage media such as magnetic or optical media, e.g., disk,
CD-ROM, or DVD-ROM, volatile or non-volatile memory
media such as RAM (e.g. SDRAM, RDRAM, SRAM, etc.),
ROM, ectc., as well as media accessible via transmission
media or signals such as electrical, electromagnetic, or
digital signals, conveyed via a communication medium such
as a network and/or a wireless link.

[0149] Generally, the data structure(s) of the circuitry
carried on the computer accessible medium 300 may be read
by a program and used, directly or indirectly, to fabricate the
hardware comprising the circuitry. For example, the data
structure(s) may include one or more behavioral-level
descriptions or register-transfer level (RTL) descriptions of
the hardware functionality in a high level design language
(HDL) such as Verilog or VHDL. The description(s) may be
read by a synthesis tool which may synthesize the descrip-
tion to produce one or more netlist(s) comprising lists of
gates from a synthesis library. The netlist(s) comprise a set
of gates which also represent the functionality of the hard-
ware comprising the circuitry. The netlist(s) may then be
placed and routed to produce one or more data set(s)
describing geometric shapes to be applied to masks. The
masks may then be used in various semiconductor fabrica-
tion steps to produce a semiconductor circuit or circuits
corresponding to the circuitry. Alternatively, the data struc-
ture(s) on computer accessible medium 300 may be the
netlist(s) (with or without the synthesis library) or the data
set(s), as desired. In yet another alternative, the data struc-
tures may comprise the output of a schematic program, or
netlist(s) or data set(s) derived therefrom.

[0150] While computer accessible medium 300 carries a
representation of the integrated circuit 10, other embodi-
ments may carry a representation of any portion of the
dynamic integrated circuit 10 as shown in any of the above
figures (or any combination of the above figures).

[0151] Numerous variations and modifications will
become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the fol-
lowing claims be interpreted to embrace all such variations
and modifications.

What is claimed is:

1. A conditional clock buffer circuit having a clock output
and coupled to receive a clock input and a condition signal,
the conditional clock buffer circuit comprising:
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a first circuit coupled to receive the clock input, the first
circuit configured to generate a first state on the clock
output responsive to a first phase of the clock input; and

a second circuit coupled to receive the clock input and the
condition signal, wherein the second circuit is config-
ured to conditionally generate a second state on the
clock output responsive to the condition signal during
a first portion of a second phase of the clock input.

2. The conditional clock buffer circuit as recited in claim

1 further comprising a latch circuit coupled to the first circuit
and coupled to the clock output, wherein the latch circuit is
configured to hold the clock output during a remaining
portion of the second phase.

3. The conditional clock buffer circuit as recited in claim

1 wherein the first portion of the second phase is about % of
the second phase.

4. The conditional clock buffer circuit as recited in claim

1 wherein the first portion of the second phase is about 2 gate
delays.

5. The conditional clock buffer circuit as recited in claim

1 wherein the second circuit comprises a first transistor, a
second transistor, and a third transistor connected in series,
wherein a first control node of the first transistor is coupled
to receive the clock input, and wherein a second control
node of the second transistor is coupled to receive the
condition signal, and wherein a third control node of the
third transistor is coupled to receive an inverse of the clock
input with a delay.

6. The conditional clock buffer circuit as recited in claim

5 wherein the inverse of the clock input is generated by a
logic gate coupled to receive the clock input and having an
output coupled to the third control node.

7. The conditional clock buffer circuit as recited in claim

6 wherein the logic gate is sized to generate the delay of
about % of the second phase.

8. The conditional clock buffer circuit as recited in claim

6 wherein the logic gate is sized to generate the delay of
about 2 gate delays.
9. The conditional clock buffer circuit as recited in claim
6 wherein the logic gate is an inverter.

10. The conditional clock buffer circuit as recited in claim
5 wherein the second circuit further comprises a fourth
transistor coupled to a node of the second transistor and
having a fourth control node coupled to the condition signal,
the fourth transistor charging the node in response to the
condition signal indicating that the second state is not to be
generated on the clock output.

11. A clock tree comprising:

one or more levels of buffering coupled to receive an input
clock and output a buffered clock; and

one or more conditional clock buffer circuits coupled to
receive the buffered clock and a condition signal, each
conditional clock buffer circuit having a clock output
and including:

a first circuit coupled to receive the buffered clock, the
first circuit configured to generate a first state on the
clock output responsive to a first phase of the buff-
ered clock; and
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a second circuit coupled to receive the buffered clock
and the condition signal, wherein the second circuit
is configured to conditionally generate a second state
on the clock output responsive to the condition signal
during a first portion of a second phase of the
buffered clock.

12. The clock tree as recited in claim 11 wherein the
conditional clock buffer circuit further comprises a latch
circuit coupled to the first circuit and coupled to the clock
output, wherein the latch circuit is configured to hold the
clock output during a remaining portion of the second phase.

13. The clock tree as recited in claim 11 wherein the first
portion of the second phase is about % of the second phase.

14. The clock tree as recited in claim 11 wherein the first
portion of the second phase is about 2 gate delays.

15. The clock tree as recited in claim 11 wherein the
second circuit comprises a first transistor, a second transis-
tor, and a third transistor connected in series, wherein a first
control node of the first transistor is coupled to receive the
buffered clock, and wherein a second control node of the
second transistor is coupled to receive the condition signal,
and wherein a third control node of the third transistor is
coupled to receive an inverse of the buffered clock with a
delay.

16. The clock tree as recited in claim 15 wherein the
inverse of the buffered clock is generated by a logic gate
coupled to receive the buffered clock and having an output
coupled to the third control node.

17. The clock tree as recited in claim 15 wherein the delay
defines the first portion of the first phase.

18. The clock tree as recited in claim 15 wherein the
second circuit further comprises a fourth transistor coupled
to a node of the second transistor and having a fourth control
node coupled to the condition signal, the fourth transistor
charging the node in response to the condition signal indi-
cating that the second state is not to be generated on the
clock output.

19. A computer accessible medium comprising one or
more data structures representing:

a first circuit coupled to receive a clock input, the first
circuit configured to generate a first state on a clock
output responsive to a first phase of the clock input; and

a second circuit coupled to receive the clock input and a
condition signal, wherein the second circuit is config-
ured to conditionally generate a second state on the
clock output responsive to the condition signal during
a first portion of a second phase of the clock input.

20. The computer accessible medium as recited in claim

20 wherein the one or more data structures further represent
a latch circuit coupled to the first circuit and coupled to the
clock output, wherein the latch circuit is configured to hold
the clock output during a remaining portion of the second
phase.



