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CIRCUITRY AND METHODS FOR
IMPROVING DIFFERENTIAL SIGNALS
THAT CROSS POWER DOMAINS

FIELD OF THE INVENTION

[0001] Embodiments of the invention relate to improving
differential signal integrity when crossing power domains.

BACKGROUND

[0002] FIG. 1 illustrates a typical Synchronous Dynamic
Random Access Memory (SDRAM) 10, which could include
for example a Double Date Rate (DDRx) SDRAM. Specifi-
cally shown is a data bus 11 by which data enters and exits the
chip. As is typical, this data bus 11 comprises several signals
DQ1-DQn which operate in parallel. As is common in
SDRAMs, such data is accompanied by a data strobe signal
(DQS) which, generally speaking, informs as to the times at
which the data can be considered valid. The use of a data
strobe signal thus helps to synchronize the data to and from
the SDRAM 10.

[0003] Insome architectures, such as DDR2 or DDR3, the
data strobe signal is differential. This means the data strobe
(DQS) is always provided with its complement (DQS*), and
as such FIG. 1 illustrates two connections on the SDRAM 10
for such complementary signals. As one skilled in the art will
appreciate, use of a differential signal improves the overall
signal integrity of the data strobe signal.

[0004] Also evident in FIG. 1 are external power supply
connections to the SDRAM 10. Specifically shown are two
sets of power supply voltages: Vdd and Vss; and Vddq and
Vssq. Each set is isolated from the other: Vdd is isolated
within the SDRAM 10 from Vddq, and likewise for Vss and
Vssq. As one skilled in the art will recognize, Vdd and Vddq
typically comprises a positive voltage (perhaps 1.5V or so;
Vdd and Vddq can however differ from one another), while
Vss and Vssq comprise a lower potential which is usually
ground (i.e., O0V; again, they can differ). An actual SDRAM 10
would of course have other inputs and outputs as well (e.g.,
address and control signals), but these are not shown in FIG.
1 because such other signals are not of particular relevance to
the subjects discussed herein.

[0005] Isolationofthe power supply sets allows for each set
to power different circuitry blocks within the SDRAM 10.
Typically, the Vdd/Vss power supply set powers most of the
normal logic circuitry in SDRAM 10, such as the array,
decode/driver circuitry, and associated logic. By contrast, the
Vddg/Vssq power supply set powers the output driver cir-
cuitry 20 at least in part, as shown in FIG. 2. Shown in FIG. 2
are the output paths for the differential data strobe signal
(both DQS and DQS*) and the various data output signals
(DQ1-DQn), which signals typically terminate at bond pads
13 on the SDRAM 10.

[0006] As can be seen, in each of these output paths, up
(UP) and down (DN) drive signals are used to drive the bond
pads 13 to a particular logic level. When the output paths are
outputting signals to the pads 13, the UP and DN drive signals
will (in the illustrated example) be the same in a given path.
Therefore, to drive DQS high, UP(s)=DN(s)=logic ‘1. To
drive DQS low, UP(s)=DN(s)=logic ‘0. The drive signals
UP(s) and DN(s) could however be complementary in other
configurations.

[0007] (Even though the UP and DN drive signals are dis-
closed herein as being tied to the same logic level, one skilled
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in the art will understand that it can still be useful to have these
drive signals split so that each can be independently con-
trolled during times when an output is not being driven to the
pads 13. For example, independent assertion of UP and DN
can be useful during times when the pad is receiving signals
to set a proper termination resistance. For further details, see
Micron Technical Note DDR3 ZQ Calibration (2008) (http://
download.micron.com/pdf/technotes/DDR3/TN4102 .pdf),
which is submitted in an Information Disclosure Statement
filed with this application).

[0008] Complements of the drive signals (UP(s)*/DN(s)*)
are used to drive DQS* to complementary logic levels. There-
fore, to drive DQS* high, UP(s)*=DN(s)*=logic ‘1 . To drive
DQS* low, UP(s)*=DN(s)*=logic ‘0.

[0009] Because each of the output signals are transferred
off of the SDRAM 10, where they will encounter higher
capacitances presented by a printed circuit board for example,
it is generally preferred to boost the power of the drive signals
to ultimately boost the power of the signals generated at the
pads 13. Accordingly, each of the drive signals is progres-
sively boosted along their output paths to higher power
capacities by a series of stages. In FIG. 2, stages a-e comprise
serially-connected CMOS inverters 14, with stages f merely
comprising serially-connected pull-up or pull-down transis-
tors. Other types of stages can be used as well. In each suc-
cessive stage, larger (or wider) transistors are used to increase
output current. Thus stage b is larger than stage a; stage c is
larger than stage b, etc.

[0010] Successive boosting of the power of the drive sig-
nals raises the risk of corrupting of the power supply voltages
by noise. Accordingly, it is preferred, as shown in FIG. 2, to
use two isolated power supply sets, such as the Vdd/Vss and
Vddq/Vssq sets. These power supply sets may be unregulated
by the SDRAM 10, such that they comprise the externally-
asserted supplies discussed earlier with respect to FIG. 1. Or,
they may comprise versions of these external supplies inter-
nally regulated by the SDRAM 10. In any event, the sets are
shown in FIG. 2 and in subsequent figures using the same
Vdd/Vss and Vddg/Vssq nomenclature for simplicity, which
may comprise either regulated or unregulated supplies.
[0011] As shown, the first two stages a and b in the output
driver circuitry 20 are powered by the Vdd/Vss power supply
set. As mentioned earlier, such power supply set may be used
to power the array and logic circuitry in the SDRAM 10. The
last stages c-f in the output driver circuitry 20 are powered
from the Vddq/Vssq power supply set, which is usually dedi-
cated to the output driving task. Through this use of dual
power supply sets, noise present on the Vddg/Vssq power
supply set, as might result from the high-current switching of
data at the later stages in the output paths, should not be
transferred to the Vdd/Vss power supply set feeding the
remainder of the circuitry on the SDRAM 10.

[0012] This dual power supply set scheme means that the
drive signals must pass from one power supply domain (i.e.,
the Vdd/Vss domain) to another power supply domain (i.e.,
the Vddq/Vssq domain), which boundary occurs at the dotted
line 15 between stages b and ¢ in the example illustrated in
FIG. 2.

[0013] While the transition of the drive signals between
these power supply domains helps to isolate noise between
the domains, the decoupling of these two power supply
domains has drawbacks. In particular, decoupling the Vddq/
Vssq domain from the Vdd/Vss domain renders the Vddg/
Vssq domain more susceptible to switching noise than it
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would be were the entire SDRAM 10 governed by a single,
more-heavily-loaded, power domain. As a result, the absolute
levels for Vddq/Vssq can more readily shift to higher or lower
values in response to such switching noise. Such noise can be
heavily dependent on the particular logic levels being output
atthe bond pads 13 ata given time. For example, the output of
all logic “1’s on DQ<1:n> creates a particularly power-inten-
sive situations which might load down Vddq, while the output
of all logic ‘0’ on DQ<1:n> might similarly increase Vssq.
Given the high capacitance between Vddq and Vssq, devia-
tions in one of these power supply voltages will similarly
affect the other, such that Vddq and Vssq will tend to vary
together while maintaining a constant difference between
them. For example, if Vddq ideally equals 1.5V and Vssq
ideally equals OV, noise may cause Vddq to equal 1.4V thus
causing Vssq to equal -0.1V. Or, noise may cause Vssq to
equal 0.1V thus causing Vddq to equal 1.6 Volts.

[0014] It has been noticed by the inventor that such noise-
induced perturbations to the Vddq/Vssq power domain rela-
tive to the Vdd/Vss power domain have unfortunate effects
for the operation of SDRAM 10, and in particular for the
integrity of the differential data strobe signal. In particular, it
has been noticed that variations in Vddq and Vssq has a
negative effect on a particular specification for the differential
data strobe signal, referred to as Vox. Fortunately, the inventor
has also developed a solution to this problem, as set forth
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates some external signals on a
SDRAM of relevance to the present disclosure.

[0016] FIG. 2 illustrates the output paths for a differential
data strobe signal in an SDRAM, which output paths include
a transition across a power supply domain boundary.

[0017] FIGS. 3 and 4A-4D illustrate the negative effect on
the Vox specification of the differential data strobe signal
resulting from noise-induced fluctuations between the power
supply domains of FIG. 2.

[0018] FIG. 5 illustrates the output paths for a differential
data strobe signal in an SDRAM in accordance with an
embodiment of the disclosed technique, which output paths
include a transition across a power supply domain boundary
that occurs between different stages in the two differential
output paths.

[0019] FIGS. 6 and 7A-7D illustrate the improved effect on
the Vox specification of the differential data strobe signal
resulting from noise-induced fluctuations between the power
supply domains of FIG. 5.

[0020] FIG. 8 illustrates different positions for the power
supply domain boundary in the two differential output paths
in accordance with variations of the disclosed technique.
[0021] FIG. 9 illustrates an application of the disclosed
technique used with simpler differential output paths each
having only a single drive signal.

[0022] FIG. 10 illustrates application of the disclosed tech-
nique to differential output paths having level translators.

DETAILED DESCRIPTION

[0023] Disclosed herein are circuitry and methods for
improving differential signals that cross power domains. Inan
example embodiment, the power supply domain boundary
along the output paths that generate the differential signal is
staggered, such that the boundary occurs at an odd numbered
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stage in one differential output path and at an even numbered
stage in the other differential output. Defining the power
supply domain boundary in this manner can help ensure that
the same logical state is present at the boundary in either of
the differential output paths. This same logic signal should
affect subsequent stages similarly from a speed perspective,
and so should similarly affect the differential signals gener-
ated by each of the output paths. This means, among other
things, that the differential signal as generated should tend to
cross nearer to a midpoint voltage, which increases its com-
pliance with certain integrated circuit specifications such as
the Vox specification used for the differential data strobe in an
SDRAM.

[0024] As pointed out earlier, it has been noticed by the
inventor that noise-induced perturbations to the Vddq/Vssq
power domain relative to the Vdd/Vss power domain have
unfortunate effects for the operation of SDRAM 10, and in
particular for the integrity of the differential data strobe sig-
nal. In particular, it has been noticed that variations in Vddq
and Vssq has a negative effect on a particular specification for
the differential data strobe signal, referred to as Vox.

[0025] Vox comprises the deviation from an otherwise ideal
cross-over voltage for the differential data strobe signal. An
ideal cross-over voltage for the differential data strobe sig-
nals, i.e., DQS and DQS*, is Y2 of the voltage between Vddq
and Vssq; assuming Vssq is ground, such ideal cross-over
point would be %4Vddq, as shown in the top illustration of
FIG. 3. In this circumstance, Vox would equal the ideal value
of 0.

[0026] However, when Vddq/Vssq drifts relative to Vdd/
Vss, Vox is negatively affected, as shown in the bottom two
illustrations in FIG. 3. The middle illustration shows the
condition when Vddq exceeds Vdd and Vssq exceeds Vss.
During this condition, Vox is non-ideal, such that the cross-
over point between DQS and DQS* is greater than 2Vddq,
i.e., Vox is positive. This occurs both when DQS transitions
high, and when DQS transitions low, as shown respectively in
FIGS. 4A and 4B.

[0027] InFIG. 4A, notice that UP(s)=DN(s)=1, which will
ultimately cause DQS to likewise be driven to a 1. Concur-
rently, UP(s)*=DN(s)*=0, which will ultimately cause DQS*
to be driven to a 0. Because Vdd>Vddq, and Vss>Vssq, the
logic state presented at the domain boundary 15, i.e., that
produced by the Vdd/Vss domain, will be relatively large in
voltage compared to the new Vddqg/Vssq domain it is enter-
ing. Such a relatively large voltage is indicated with a +super-
script. Therefore, in the DQS path, the logic 1 present at the
boundary 15 is denoted 1%, while in the DQS* path, the logic
0 present at the boundary is denoted 0*. For example, 1*
might equal Vdd=1.6V relative to Vddq=1.5V, while 0* might
equal Vss=0.1V relative to Vssq=0V.

[0028] Such relatively high voltages for the logic states at
the domain boundary 15 have differing effects on the speed in
the stages that follow, and in particular results in different
speeds in the DQS and DQS* output paths. Consider output
path DQS first: the relatively large 1 voltage (1*) in the DQS
output path will cause the pull down transistors in the invert-
ers at stages c to act relatively quickly, therefore producing a
logic O relatively quickly. Therefore, the output from stages ¢
is denoted 0, where the subscript f stands for “fast,” meaning
that a 0 is produced earlier than it normally would were their
no difference in magnitudes between the Vdd/Vss and Vddg/
Vssq power domains. This relatively fast 0 propagates
through stages d and e, which presents a relatively fast 0 (0,)
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to the P-channel transistor at stage f, which in turn produces
arelatively fast 1 (1)) at the output of DQS.

[0029] By contrast, the DQS* output path will operate more
slowly. The relatively large 0 voltage (0*) at the boundary 15
in the DQS* output path will cause the pull up transistors in
the inverters at stages c¢ to act relatively slowly, therefore
producing a logic 1 relatively slowly. Therefore, this output
from stages ¢ is denoted 1., where the subscript s stands for
“slow,” meaning that a 1 is produced later than it normally
would were their no difference in magnitudes between the
Vdd/Vss and Vddq/Vssq power domains. This relatively slow
1 propagates through stages d and e, which presents a rela-
tively slow 1 (1,) to the N-channel transistor at stage f, which
in turn produces a relatively slow 0 (0,) at the output of DQS*.
[0030] The effect of the relatively fast DQS signal and the
relatively slow DQS* signal can be noticed in the waveforms
of FIG. 4A. Because DQS transitions to a 1 quickly, this
marches the rising transition for DQS to the left, as denoted by
the arrow. Conversely, because DQS* transitions to a O rela-
tively slowly, this marches the falling transition for DQS* to
the right, again as denoted by the arrow. When these two
effect are considered together, it is seen that DQS and DQS*
cross at a voltage higher than %4Vddq; in other words Vox is
positive (+Vox), which constitutes an unwanted deviation
from the ideal. Should this deviation be high enough, the
[0031] SDRAM 10 could exceed the Vox specification,
which could cause failure in any system of which the
SDRAM 10 is a part.

[0032] FIG. 4B shows the effect on speed of the generation
of the differential data strobe signal under the same condi-
tions as shown in FIG. 4A (Vdd>Vddq and Vss>Vssq), but
when DQS is driven to the opposite logic state of 0. Essen-
tially, the analysis is the same as that described for FIG. 4A.
However, because of the change in logic state, the output path
for DQS is relatively slow, while the output path for DQS* is
relatively fast. The effect of the relatively slow DQS signal
(0,) and the relatively fast DQS* signal (1) can be noticed in
the waveform in FIG. 4B. Because DQS transitions to a 0
slowly, this marches the falling transition for DQS to the
right. Conversely, because DQS* transitions to a 1 relatively
quickly, this marches the rising transition for DQS* to the left.
These two effects, as with FIG. 4A, cause DQS and DQS* to
cross at a voltage higher than 2Vddq, such that Vox is posi-
tive and hence non ideal.

[0033] To summarize, and referring again to FIG. 3, when
Vdd>Vddq and when Vss>Vssq, the effects of driving DQS/
DQS* to 1/0 (FIG. 4A) and 0/1 (FIG. 4B) are shown in the
middle illustration of FIG. 3. In either case, Vox is positive
and non-ideal. Such non-ideality will scale with the differ-
ence in absolute values between Vdd and Vddgq, and Vss and
Vssq.

[0034] The bottom illustration in FIG. 3 shows the case in
which Vdd<Vddq, and Vss<Vssq, and FIGS. 4C and 4D, like
FIGS. 4A and 4B, shows generation of alternative logic states
for DQS. FIG. 4C shows the generation of a logic 1 for DQS.
Accordingly, UP(s)=DN(s)=1 as is necessary to generate
DQS=1, and concurrently UP(s)*=DN(s)*=0 as is necessary
to generate DQS*=0. Because Vdd<Vddq, and Vss<Vssq, the
logic state presented at the domain boundary 15, i.e., that
produced by the Vdd/Vss domain, will be relatively low in
voltage compared to the new Vddq/Vssq domain it is enter-
ing. Such a relatively low voltage is indicated with a—super-
script. Therefore, in the DQS path, the logic 1 present at the
boundary 15 is denoted 17, while in the DQS* path, the logic
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0 present at the boundary is denoted 0~. For example, 1~
might equal Vdd-1.4V relative to Vddq=1.5V, while 0~ might
equal Vss=-0.1V relative to Vssq=0V.

[0035] Such relatively low voltages for the logic states at
the domain boundary 15, like the relatively high voltages
discussed in FIGS. 4A and 4B, have differing effects on the
speed in the DQS and DQS* output paths, as shown in FIGS.
4C and 4D. Consider output path DQS first as illustrated in
FIG. 4C: the relatively low 1 voltage (17) in the DQS output
path will cause the pull down transistors in the inverters at
stages c to act relatively slowly, therefore producing a logic 0
relatively slowly. Therefore, the output from stages c is
denoted O,. This relatively slow O propagates through stages d
and e, which presents a relatively slow 0 (0,) to the P-channel
transistor at stage f, which in turn produces a relatively slow
1(1,) at DQS.

[0036] By contrast, the DQS* output path of FIG. 4C will
operate more quickly. The relatively low 0 voltage (07) in the
DQS* output path will cause the pull up transistors in the
inverters at stages ¢ to act relatively quickly, therefore pro-
ducing a logic 1 relatively quickly (1,). This relatively fast 1
propagates through stages d and e, which presents a relatively
fast 1 to the N-channel transistor at stage f, which in turn
produces a relatively fast (0,) at the output of DQS*.

[0037] The effect of the relatively slow DQS signal and the
relatively fast DQS* signal can be noticed in the waveform in
FIG. 4C. Because DQS transitions to a 1 slowly, this marches
the rising transition for DQS to the right. Conversely, because
DQS* transitions to a 0 relatively quickly, this marches the
falling transition for DQS* to the left. When these two effects
are considered together, it is seen that DQS and DQS* cross
atavoltage lower than 42Vddgq; in other words Vox is negative
(-Vox), which constitutes a deviation from the ideal. Should
this deviation be high enough, the SDRAM 10 could exceed
the Vox specification with negative results.

[0038] FIG. 4D shows the effect on speed of the generation
of the differential data strobe signal under the same condi-
tions as shown in FIG. 4C (Vdd<Vddq and Vss<Vssq), but
when DQS is driven to the opposite logic state of 0. Essen-
tially, the analysis is the same as that described for FIG. 4C.
However, because of the change in logic state, the output path
for DQS is relatively fast, while the output path for DQS* is
relatively slow. The effect of the relatively fast DQS signal
(09 and the relatively slow DQS* signal (1) can be noticed in
the waveform in FIG. 4D. Because DQS transitions to a 0
quickly, this marches the falling transition for DQS to the left.
Conversely, because DQS* transitions to a 1 relatively slowly,
this marches the rising transition for DQS* to the right. These
two effects cause DQS and DQS* to cross at a voltage lower
than ¥2Vddq, such that Vox is negative and hence non ideal.
[0039] To summarize, and referring again to FIG. 3, when
Vdd<Vddq and when Vss<Vssq, the effects driving DQS/
DQS* to 1/0 (FIG. 4C) and 0/1 (FIG. 4D) are shown in the
bottom illustration of FIG. 3. In either case, Vox is negative
and is therefore non-ideal. Again, such non-ideality will scale
with the difference in absolute values between Vdd and Vddq,
and Vss and Vssq.

[0040] FIGS. 3-4D thus illustrates that switching noise that
might cause deviations in the absolute values between Vss/
Vdd and Vddq/Vssq domains can cause unwanted deviations
in Vox. If such deviations are significant, the SDRAM 10
might fail to qualify as a reliable integrated circuit.

[0041] A solution to this problem is illustrated in FIGS. 5
through 7. As shown in FIG. 5, one technique comprises

20



US 2010/0061165 A1

defining the boundary 15 between the Vdd/Vss power supply
domain and the Vddq/Vssq power supply domain at different
stages in the output paths for the differential data strobe
signal, i.e., at different stages in the DQS output path and the
DQS* output path. Thus, in the example shown in FIG. 5, the
power supply domain boundary occurs between stages b and
¢ in the DQS output path, but between stages a and b in the
DQS* output path.

[0042] Defining the power supply domains in this manner
tends to equate the relative speed in the output paths for DQS
and DQS*, which diminishes Vox deviations. This is illus-
trated in FIGS. 6 and 7A-7D. FIGS. 7A-7D are analogous to
the conditions illustrated earlier in FIGS. 4A-4D in connec-
tion with the prior art. Thus, FIGS. 7A and 7B present the
situation where Vdd>Vddq and Vss>Vssq for DQS=0 (FIG.
7A) and DQS=1 (FIG. 7B). FIGS. 7C and 7D present the
situation where Vdd<Vddq and Vss<Vssq for DQS=1 (FIG.
7C) and DQS=0 (FIG. 7D). Analysis of each of these condi-
tions shows speed equalization in the output paths for DQS
and DQS*, which improves Vox and brings it closer to its
ideal value of zero.

[0043] When Vdd>Vddq and Vss >Vssq, logic states pre-
sented at the domain boundary 15 will be relatively high, i.e.,
1" and 0*. FIGS. 4A and 4B illustrate that these relatively-
high logic states will react with different speeds in the Vddqg/
Vssq domain, with 1* acting relatively quickly, and 0* acting
relatively slowly. However, when defining the domain bound-
ary 15 as shown in FIGS. 7A and 7B, it is seen that the same
logic state is present at the boundary, with 1" present in FIG.
7A, and 0" present in FIG. 7B. This logic state affect the next
stages in the output paths (i.e., stages ¢ in the DQS path;
stages b in the DQS* path) with equal speed.

[0044] Thus, in FIG. 7A a fast 0 (0 is produced by these
stages in both the DQS and the DQS* output paths. These
relatively fast logic values then propagate through the remain-
ing stages to produce a relatively fast 1 (1) at DQS and a
relatively fast 0 (0) at DQS*. Because both of these data
strobe signals are relatively fast, it is seen in the waveform
diagram that both transitions in the data are moved to the left.
Because both move together, their cross-over point is reason-
ably maintained, such that Vox remains closer to its ideal
value of zero.

[0045] In FIG. 7B, a slow 1 (1,) is produced by the first
stages in the Vddq/Vssq domains in both the DQS (stage ¢)
and the DQS* (stage b) output paths. These relatively slow
logic values then propagate through the remaining stages to
produce a relatively slow 0 (0,) at DQS and a relatively slow
1 (1,) at DQS*. Because both of these data strobe signals are
relatively slow, it is seen in the waveform diagram that both
transition in the data are moved to the right. This is different
than in FIG. 7A, when both transitions moved to the left.
Regardless, because both transitions move together, their
cross-over point is again reasonably maintained, such that
Vox remains closer to its ideal value of zero.

[0046] In FIGS. 7C and 7D, when Vdd<Vddq and
Vss<Vssq, both logic states presented at the domain bound-
ary 15 will be relatively low, i.e., 17 and 0~. FIGS. 4C and 4D
teach that these relatively-low logic states will react with
different speeds in the new Vddq/Vssq domain, with 1~ acting
relatively slowly, and 0~ acting relatively quickly. However,
when defining the domain boundary 15 as shown in FIGS. 7C
and 7D, it is seen that the same logic state is present at the
boundary, with 1~ present in FIG. 7C, and 0~ present in FIG.
7C. These logic states affect the next stages in the output paths
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(i.e., stages cin the DQS path; stages b in the DQS* path) with
equal speed. Thus, it is seen in FIG. 7C that both DQS and
DQS* are produced relatively slowly, while in FIG. 7D both
are produced relatively quickly. In each case, this same rela-
tive speed adjustment assists in keeping Vox to a minimum.
[0047] The overall effect for each of the conditions of
FIGS. 7A-7D can be seen in FIG. 6. To reiterate points made
above with respect to FIGS. 7A-7D, both the rising and fall-
ing edges of the differential data strobe signal tends to move
in the same direction, either as slightly faster signals or
slightly slower signals. Because the edges of DQS and DQS*
move in the same relative direction at each transition, Vox
tends to stay closer to the ideal value of 0. By comparison, in
the prior art (FIG. 3), the edges of DQS and DQS* moved in
different directions at each transition, with one signal being
fast while the other was slow. This caused deviation in the
cross over point, which led to higher absolute values for Vox.
[0048] While the speed of the stages in the DQS and DQS*
output paths are brought closer in accordance with the dis-
close technique, it should be appreciated that speeds in those
output paths may not be exactly equated. Consider FIG. 7A
for example. Because the power supply domain boundary 15
is located between different stages in the DQS and DQS*
output paths, the speeds will vary slightly between the two
paths. Specifically, the signal 1* will travel more quickly
through stage b in the DQS* output path than will the 0 signal
travel thought stage b in the DQS output path. As these signals
propagate through the remaining stages, the result is that the
DQS* output path operates slightly more quickly. However,
such slight variations are not believed to be significant, and
certainly are much less significant than the timing differences
between the DQS and DQS* output paths in the prior art.
[0049] While developed in the context of improving the
Vox specification for a differential data strobe signal in a
DDR SDRAM, it should be appreciated that the disclosed
technique can be applied to, for example, improve the integ-
rity of any differential signal which must cross at least one
power domain, which differential signal may comprise a
clocking signal, a control signal, a data signal, or any other
type of differential signal.

[0050] Modifications to the disclosed technique are pos-
sible. For example, the domain boundary 15 can cross in
different places in the two differential output paths. As shown
in FIG. 8, any of the domain boundaries 15a (FIG. 5), 15b, or
15¢ will affect the benefits of the disclosure because in each
case the logic state is the same at the boundary in each dif-
ferential path. Because a differential signal is involved, notice
that this means that the difference in the boundary 15 in the
two differential output paths varies generally by 2N+1 stages
(i.e.,-3,-1,1, 3, etc.). Thus, the Vdd/Vss domain can power
a first X of the stages in the DQS or DQS* output path, and a
first X+1 ofthe stages in the other of the DQS or DQS* output
path; or, Vdd/Vss can power an odd number of the stages in
the DQS or DQS* path, and an even number of stages in the
other of the DQS or DQS* output path. In either event; the
Vddq/Vssq domain can power the remaining of the stages.
[0051] It should also be noted that use of dual drive signals
(UP and DN) in each differential output path is not strictly
required. For example, FIG. 9 illustrates a simpler differential
output path than the DDR SDRAM-based differential data
strobe output that has been illustrated to this point. In FIG. 9,
the output stages a-e merely comprise inverters (they could
comprise other types of stages as well), and there is only one
drive signal per output path, i.e., DR and DR*, which are used
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to generate a generic differential signal, S and S*. Because the
signal at the domain boundary 15 would always equal DR,
subsequent stages (c-e for output path S; b-e for output path)
would generally act relatively quickly or slowly depending on
the relationship between Vdd and Vddq and Vss and Vssq.
[0052] In the embodiments illustrated to this point, is has
been assumed that Vdd roughly equals Vddq and Vss roughly
equals Vssq, such that the potential difference between the
two supply voltages in each power supply domain is essen-
tially the same. However, this is not strictly necessary, and the
disclosed technique has applicability when a signal transfers
through a power supply domain boundary that modifies sig-
nal magnitudes.

[0053] For example, the SDRAM 10 or other integrated
circuit in which the disclosed technique is embodied may run
a smaller power supply internal to the device (e.g., Vdd=1.
5V) than is specified outside of the device (e.g., Vddq=2.5V).
In such an application, one could modify the drive signal at
some point in the differential output paths by a level translator
stage 25, as shown in FIG. 10. The level translator stages 25
modify the input signal from Vdd/Vss to Vddq/Vssq, e.g.,
from a first potential difference to a second potential differ-
ence. For example, an incoming logic 1 of Vdd (e.g., 1.5V) is
translated by the level translator 25 to a logic 1 of Vddq (e.g.,
2.5V). The level translators 25 likewise translate an incoming
logic 0 of Vss (e.g., 0V) to Vssq (which again may be differ-
ent, but which may also equal OV). Alternatively, and depend-
ing on the circuitry used for the level translator 25, the output
of the level translator 25 could comprise an inverted output,
although the level translators 25 shown in FIG. 10 are illus-
trated as non-inverting. If it is inverting, an incoming logic 1
ofVdd (e.g., 1.5V) s translated to a logic 0 0of Vssq (e.g., OV),
and an incoming logic 0 of Vss (e.g., OV, but which could be
different from Vssq) is translated to a logic 1 of Vddq (e.g.,
2.5V). The circuitry for such level translators 25 are well
known, and any number of such circuits could be used for this
purpose; hence such circuitry is not disclosed here.

[0054] The level translators 25 as illustrated in FIG. 10 can
be viewed as being in the Vddq/Vssq power domain, because
such circuitry has a connection to the Vddq and Vssq power
supply voltages. This defines a domain boundary 15 as in
earlier embodiments. If more complex circuitry is used for the
level translators 25, such circuitry may additionally have
connection to the Vdd/Vss power supplies as well as to the
Vddg/Vssq power supplies. In such a case (not illustrated),
the power supply domain boundary 15 can be viewed as
occurring in the middle of the stage 25.

[0055] In any event, placement of the level translators 25 at
different stages in the output paths for the differential data
strobe signal creates the same staggered boundary 15 as noted
earlier. This staggered boundary 15 has the same benefits,
even though the magnitude of the signals changes by virtue of
the level translators 25. Consider for example, ifthe Vddq and
Vssq power supplies FIG. 10 are lower than their optimal
values, possibly because of switching noise in the output
paths. For example, Vddq might equal 2.4V (instead of a
normal 2.5V) and Vssq might equal —-0.1 V (instead of a
normal OV). In such a case, the logic states presented at the
power supply domain boundary 15 are relatively high, and are
of the same value by virtue of the staggered boundary. This
means that the output of the next stage (i.e., the level transla-
tors 25) will react with similar speed, even though magnitude
translation is being performed at that stage. The result, as in
earlier embodiments, is the same relative shift in the speed in
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subsequent stages in both output paths, and ultimately the
same relative degree of speed shift in the differential outputs
(e.g., DQS, DQS*). As before, adjustment of the speed of
both outputs in unison helps to keep Vox for the differential
output closer to its optimal value of zero.

[0056] In the context of the disclosed technique, two dif-
ferent power supply sets or domains can comprise one power
supply voltage in common to both sets or domains. For
example, a first power supply set or domain could comprise
Vdd and Vss, while the second power supply set or domain
could comprise Vddq and Vss, where Vddq is isolated from
Vdd, and/or Vddq is possibly of a different voltage than Vdd.
[0057] While certain embodiments of the invention have
been disclosed, it should be understood that other embodi-
ments can be achieved in many different ways to the same
useful ends as described herein. In short, it should be under-
stood that the inventive concepts disclosed herein are capable
of many modifications. To the extent such modifications fall
within the scope of the appended claims and their equivalents,
they are intended to be covered by this patent.

What is claimed is:

1. Circuitry for forming a differential signal comprising a
first output signal and a second output signal, comprising:

a first output path comprising a plurality of first stages,
wherein the first output path is driven by at least one first
drive signal for producing a first output signal at a first
output node of the first output path;

a second output path comprising a plurality of second
stages, wherein the second output path is driven by at
least one second drive signal for producing a second
output signal at a second output node of the second
output path, wherein the second output signal comprises
the complement of the first output signal;

a first power supply set for powering at least some of the
first and second stages, wherein the first power supply
set powers a different number of the first stages than the
second stages; and

a second power supply set for powering the remainder of
the first and second stages not powered by the first power
supply set.

2. The circuitry of claim 1, wherein the first power supply
set defines a first potential difference, and wherein the second
power supply set defines a second potential difference differ-
ent from the first potential difference.

3. The circuitry of claim 1, wherein the first power supply
set defines a potential difference, and wherein the second
power supply set defines the same potential difference.

4. The circuitry of claim 1, wherein the first output path
comprises two first drive signals, and wherein the second
output path comprises two second drive signals.

5. The circuitry of claim 4, wherein the two drive signals in
each path are independently controllable.

6. The circuitry of claim 1, wherein the first and second
output nodes comprise bond pads on an integrated circuit.

7. The circuitry of claim 1, wherein the first and second
output signals comprise a differential data strobe signal.

8. The circuitry of claim 1, wherein at least one stage in
each of the first and second output paths comprises a level
translator.

9. Circuitry for forming a differential signal comprising a
first output signal and a second output signal, comprising:

a first output path comprising a plurality of first stages and

configured to produce a first output signal at a first output
node of the first output path;
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a second output path comprising a plurality of second
stages and configured to produce a second output signal
at a second output node of the second output path,
wherein the second output signal comprises the comple-
ment of the first output signal;

a first power supply domain for powering at least some of
the first and second stages, wherein the first power sup-
ply domain powers a different number of the first stages
than the second stages; and

a second power supply domain for powering at least one of
the first and second stages that are not powered by the
first power supply domain.

10. The circuitry of claim 1, wherein the first output path is
driven by at least one first drive signal and wherein the second
output path is driven by at least one second drive signal.

11. The circuitry of claim 10, wherein the first output path
comprises two first drive signals, and wherein the second
output path comprises two second drive signals.

12. The circuitry of claim 10, wherein the drive signals in
each path are independently controllable.

13. The circuitry of claim 1, wherein at least one stage in
each of the first and second output paths comprises a level
translator.

14. Circuitry for forming a differential signal comprising a
first output signal and a second output signal, comprising:

a first output path comprising a plurality of N first stages,
wherein the first output path produces a first output
signal at a first output node of the first output path;

a second output path comprising a plurality of N second
stages, wherein the second output path produces a sec-
ond output signal at a second output node of the second
output path, wherein the second output signal comprises
the complement of the first output signal;

a first power supply set for powering a first odd number of
the first stages and a first even of the second stages; and

a second power supply set for powering at least one of the
remaining first and second stages.

15. The circuitry of claim 14, wherein the first power sup-

ply set is isolated from the second power supply set.

16. The circuitry of claim 14, wherein the first power sup-
ply set and the second power supply set are unregulated.

17. The circuitry of claim 14, wherein the first output path
comprises two first drive signals, and wherein the second
output path comprises two second drive signals.

18. The circuitry of claim 14, wherein the differential sig-
nal comprises one ofa clock signal, a control signal and a data
signal.

19. The circuit of claim 14, wherein the second power
supply set powers all of the remaining first and second stages.

20. Circuitry for forming a differential signal comprising a
first output signal and a second output signal, comprising:

a first output path comprising a plurality of serially-con-
nected first stages, wherein the first output path is driven
by at least one first drive signal for producing a first
output signal at a first output node of the first output path;

a second output path comprising a plurality of serially-
connected second stages, wherein the second output
path is driven by at least one second drive signal for
producing a second output signal at a second output
node of the second output path, wherein the at least one
second drive signal comprises the complement of the
first drive signal;

a power supply domain boundary separating a first power
supply set and a second power supply set in the first and

Mar. 11, 2010

second output paths, wherein the power supply domain
boundary occurs between different ones of the serially-
connected stages in the first and second output paths.

21. The circuitry of claim 20, wherein the plurality of
serially-connected first stages progressively boost the at least
one first drive signal and wherein the plurality of serially-
connected second stages progressively boost the at least one
second drive signal.

22. The circuitry of claim 21, wherein each successive
stage of each respective one of the plurality of serially-con-
nected stages comprises at least one progressively larger tran-
sistor.

23. The circuitry of claim 20, wherein each successive
stage of each respective one of the plurality of serially-con-
nected stages comprises a progressively wider transistor.

24. The circuit of claim 20, wherein a first of the stages after
the power supply domain boundary comprise level transla-
tors.

25. Anintegrated circuit having a differential strobe output,
comprising:

a first sequence of serially-connected stages, wherein the
first sequence is controlled by a first drive signal and
generates a first output;

a second sequence of serially-connected stages, wherein
the second sequence is controlled by a second drive
signal and generates a second output;

afirst output stage for receiving the first and second outputs
and for generating a first strobe output;

a third sequence of serially-connected stages, wherein the
third sequence is controlled by a third drive signal and
generates a third output;

a fourth sequence of serially-connected stages, wherein the
fourth sequence is controlled by a fourth drive signal and
generates a fourth output;

a second output stage for receiving the third and fourth
outputs and for generating a second strobe output,
wherein the second strobe output comprises the comple-
ment of the first strobe output;

a power supply domain boundary separating a first power
supply set and a second power supply set, wherein the
power supply domain boundary occurs between the dif-
ferent ones of the serially-connected stages in the first
and second output paths than in the third and fourth
output paths.

26. A memory device, comprising:

a first output path comprising a plurality of first stages,
wherein the first output path is driven by at least one first
drive signal for producing a first output signal at a first
output node of the first output path;

a second output path comprising a plurality of second
stages, wherein the second output path is driven by at
least one second drive signal for producing a second
output signal at a second output node of the second
output path, wherein the second drive signal comprises
the complement of the first drive signal, and wherein the
second output signal comprises the complement of the
first output signal;

a plurality of third output paths, wherein the plurality of
third output paths output data in synchronization with
the first and second output signals;

a first power supply set for powering a first X of the first
stages and the first X+1 ofthe second stages, wherein the
first power supply set also at least powers at least one
functional circuit block within the memory device; and

a second power supply set for powering a remaining N-X of
the first stages and N-X-1 of the second stages, wherein
the second power supply set also at least powers at least
a portion of the third output paths.
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27. The circuitry of claim 26, wherein the power supply
sets are regulated by the memory device.

28. The circuitry of claim 26, wherein the power supply
sets are received at inputs of the memory device.

29. Circuitry for forming a differential signal comprising a
first output signal and a second output signal, comprising:
a first output path comprising a plurality of serially-con-
nected first stages, wherein the first output path produces
a first output signal at a first output node of the first
output path;
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a second output path comprising a plurality of serially-
connected second stages, wherein the second output
path produces a second output signal at a second output
node of the second output path, wherein the first and
second output signals are complementary;

a power supply domain boundary separating a first power
supply set and a second power supply set in the first and
second output paths, wherein signals at the power supply
domain boundary in the first and second output paths are
of the same logic state.
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