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DYNAMIC CMOS CIRCUITS WITH NOISE IMMUNITY

DESCRIPTION
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention generally relates to
dynamic complementary:metél—oxidé semiconductor
(CMOS) Ciréuitsﬂand(”more'pérticularly, to a high.

'speed ‘CMOS circuits with improved noise immunity.

Description of the Related Art _ -

In ﬁahy high speed cldcked,dynamic CMOS circuit
aﬁplicationsta receiver circuit in the form of a
stack of field effect transistor (FET) devices are
driven by a clock signal and an input data signal.
Often the inpﬁt data signal is driven directly into a
NFET (n—type FET) device; however, such a receiver
circuit lacks noise immunity, the noise margin being
controlled by the size of the NFET device. A costly
fix to this problem is to buffer the input data

- signal with static inverters.

SUMMARY OF THE INVENTION

It is therefore an object of the present
invention to'provide dynanic clocked CMOS circuits
with impfoved noise immunity.

According to the present invention, the receiver

circuit is modified such that data input is through
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the device most directly connected to ground and the
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clock input device is stacked above the data input
device. Further, a PFET (p-type FET) device is
connected between the input and the node formed by
the stacked clock and input devices. The PFET device
and the NFET device which receive the input form an
inverter. The signal input trip point is set by
adjusfing the PFET/NFET ratio of the inverter, rather
than the conventional NFET threshold voltage, V.-
The preferred PFET/NFET ratio is approximately one-

eighth to one—quarter.
To achleve these and other advantages and in

' accordance w1th the purpose of the- 1nventlon, as_ .
'embodled and broadly descrlbed the invention

provides for a CMOS receiver circuit with improved
noise immunity, comprising first and second stacked
NFET devices connected respectively between ground
and a first node, an input node coupled to the first
N?ET device closest to ground and a clock node
coupled to the second NFET device closest to said
first node, a PFET device connected between the input
node -and a node formed by the stacked NFET devices,
the first NFET device and the PFET device forming an
inverter for receiving an input signal, the switch
point of the inverter being adjustable by adjusting
the PFET/NFET ratio of the inverter, thereby
increasing the noise immunity of the circuit.

The above circuit arrangement may be used in a
variety of applications including, but not limited
to, CMOS receivers, dynamic AND/NAND gates, dynamic
multiplexing circuits and dynamic differential input
circuits. It is to be understood that both the
foregoing general description and the following

detailed description are exemplary and are intended
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to provide further explanation of the invention as

claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other:objecté,'aspects and
advantages will be better understood from the
'following detailed description of a preferred
embodiment of the invention with reference to the
drawings, in which:

Figure 1 is a schematlc diagram of a dynamic AND

 01rcu1t incorporating a conventional CcMOS recelver

c1rcu1t°' I S .
Flgure 2 is a schematic dlagram of the dynamlc
AND circuit with “the ‘improved CMOS receiver circuit
in accordance_w;th the present invention;
Figure 3 is a schematic diagram of the"receiver

circuit according to the invention employed in a

dynamic multiplexing circuit; and
Figure 4 is a schematic diagram of the receiver
circuit according to the invention employed in a

differential input application.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring to the drawings, and more specifically
to Figure 1, a dynamic AND circuit incorporating a
conventional high speed receiver circuit is first
described to illustrate the problem solved by the
invention. The AND circuit receives a clock signal
(CLKL) , an input data signal (IN), and an externally
initiated restore (RST) signal. It is understood
that if the RST node is grounded, the circuit would
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become a self-restore circuit. The clock signal is
typically internally generated and quiet, whereas the
input .data signal is generated off-chip and noisy.

In this circuit, a first NFET device 12 is used
to receive the input data signal (IN) to the circuit.
The clock signal (CLKL) is input to a second NFEf_
device 14 stacked between NFET device 12 and ground.
In the general operation of the circuit, at time t,
node 16 is precharged high, and the output node 18 is
precharged low via inverter 20. PFET device 22 is -
driven by inverter 20 to maintain this precharged

An-input;déﬁa:sighal (INY.on- the gate of NFET._.

"deﬁice'lz_Biases that device into conduction, and

when the clock signal (CLKL) is pulsed at the gate of
NFET device ;4; the'nbde 16 is discharged, driving'
output node 18 high through inverter 20. In the
restore operation, after the clock signal (CLKL) has
pulsed, the restore signal (RST) goes low, driving
node 16 back high via the NAND gate 24, inverter
chain 26 and PFET device 28, and the output node 18
low via the same NAND gate 24 and inverter chain 26
and_NFET device 32. With the output node 18 low, the
output of NAND gate 24 goes high, turning off PFET
device 28 and NFET device 32. The circuit is then
resfored to its precharge level.

Returning to the receiving circuit comprising
NFET devices 12 and 14, a chronic problem for these
conventional receiver input circuits is they lack
sufficient noise immunity because the input signal is
driven directly into a NFET device. The voltage
threshold, v, typicaliy 0.4 volts, is the switch
point of the NFET device. Also, the NFET device
itself accounts for a certain amount of noise in the
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source to gréund path. In Figure 1 the noise margin
is controlled by the PFET device 22.
In an effort to reduce input noise and buffer

the input signal, some have used static input

_inverters, such as inverters 34 and 36 shown in

Figure 1. While this increases the noise immunity of
the circuit, .it slows down the circuit significantly.
NOR type 'inputs have also been used to reduce noise
in DRAM (dynamic random acceés memory) devices, but

“they also slow the circuit down.

In llght of the foreg01ng, there exists a need

 for a CMOs recelver circuit with 1mproved noise

1mmun1ty in. hlgh speed c1rcu1ts._ The_solutlon to the” -
noise 1mmun1ty problem should not 51gn1f1cantly slow
down the circuit. _

Figure 2 shows the circuit of Figure 1 modified
according to the present invention. In Figure 2, the
CMOS receiver circuit is modified by inverting the
stacked NFET devices 12 and 14. This places the
clock signal (the quiet signal) NFET device 14 at the
top of the stack, and the input signal (the noisy
signal) NFET device 12 closest to ground. In
addition, a PFET device 36 is added between the
source voltage,'V“, and the node 38 between the NFET
devices 12 and 14. The input signal (IN) is
connected to the gate of PFET device 36. Thus, the
input signal sees an inverter comprising PFET device
36 and NFET device 12. The threshold voltage, V,,
seen by the input data sSignal (IN) can be adjusted
based on the device strength ratios of PFET 36 and
NFET 12. Device strength as used herein is defined
as the amount of current a device is capable of
conducting. The inverter's switch point can be

adjusted by altering the size ratios of PFET 36 and
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NFET 12, thereby improvinq the noise immunity of the
circuit.

The choice of a particular PFET/NFET device
strength ratio involves a balancing of the
performance (i.e., speed) of the circuit and noise
margin. Specifically, increasing the size of PFET 36
will improve the noise margin but it will hamper the

performance of the dynamic AND circuit. Good noise

~immunity and adequate performance may generally be

realized when the device strength of the PFET device

© 36 1s about one—elghth to one—quarter the strength of

NFET device 34.
The receiver c1rcu1t accordlng to’ “the. 1nventlon

'hls not llmlted to the _dynamic AND circuit of Flgure 2.

-and can be used in any application in whlch high-

speed (AND/NAND) circuits are needed and one of the
input signals requires additional noise 1mmun1ty
Figure 3 depicts a dynamic multiplexing circuit
utilizing the principles of the present invention.
In Figure 3 the noisy data inputs would be connected
to input nodes 42 and 44. The cqntrol inputs that

" arrive early and can be locally buffered are

connected to input nodes 46 and 48. The input signal
at node 42 sees an inverter comprised of transistors
52 and 54, while the input signal at node 44 sees an
inverter comprised of transistors 56 and 58. The
inverter PFET/NFET device strength ratios for the
present multiplexing embodiment would be the same as
the embodiment of Figure 2.

Figure 4 depicts a differential input
applicetion of the invention. Here the noisy data
inputs are connected to nodes 62 and 64. These noisy
inputs are respectively connected the inverter
composed of NFET device 66 and PFET device 68 and the
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inverter composed of NFET device 72 and PFET device
74. The second input signal, clock or control signal
CLK, is applied to NFET devices 76 and 78-at the top
input in the two stacks.

While the invention has been described in terms
of the embodiments described above, those skilled in
the art will recognize that the invention can be
practiced with modification within the spirit and

scope of the appended-claims}
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CLAIMS

Having thus described my invention, what I clainm
as new and desire to secure by Letters Patent is as

follcws:

1. A high speed CMOS receiver circuit comprising:

first and second stacked NFET devices ccnnected_
between a fi:st-node and ground, the second NFET
device being closest to ground;

a -data input'connected to the second NFET
device, said data 1nput belng noisy; :

- a clock_lnput connected to the flrst NEET- . — =

dev1ce, said clock input being relatlvely qulet and

a PFET device connected between a source voltage
and a node formed by the first and second NFET
devices, a gate of the PFET device being connected to
said data input so that the PFET device and the
second NFET device form an 1nverter, the PFET/NFET
ratlo being adjusted to set an input signal trip
point, thereby improving noise immunity of the

Yeceiver.

2. The CMOS receiver recited in claim 1 wherein the
PFET/NFET ratio is approximately one—eighth to one-

quarter.

3. A dynamic AND circuit comprising:

first and second'stacked NFET devices connected
between a first node and ground, the second NFET
device being closest to ground; .

a first input connected to the first NFET
device, said first input being felatively guiet; and

a second input connected to the second NFET
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device, said second input being noisy;

a PFET device connected between a source voltage
and a node formed by the first and second NFET
devices, a gate of the PFET device being connected to
said second input so that the PFET device and the
second NFET device form an inverter, the PFET/NFET
ratio being adjusted to set an input signal trip
point, thereby improving noise immunity of the
receiver; .

an output node coupléd'to said first node by an
1nverter, and |

é restore means for precharglng said flrst node
‘high and said output node low, sxmultaneous-_
=occurrence of said first and second inputs
- dlscharglng said first node and d;1v1ng said oufput
node high via said inverter and séid restore means

thereafter again precharging first node high and said

output node low. : .

4. The dynamic AND circuit recited in claim 3 wherein
the PFET/NFET ratio is approximately one-eighth to

one—quarter.

5. A dynamic CMOS multipiexer circuit comprising:

first and second stacked NFET devices connected
between a first node and ground, the second NFET
device being closest to ground;

a first control input connected to the first
NFET device, said first control input being
relatively quiet;

a first data input connected to the second NFET
device, said first data input being noisy;

a first PFET device connected between a source

voltage and a node formed by the first and serond
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NFET dev1ces, a gate of the first PFET being
connected to the first data input so that the first
PFET device and the second NFET device form a first
inverter, the PFET/NFET ratio of the first inverter
being adjusted to set an input signal trip point,
thereby improving noise immunity of the first data
input of the dynamic multiplexer; -

| third and fourth stackéd NFET devices connected
between said first node and ground, the fourth NFET
device being closest to ground;

a second control input connected to the third

NFET device, said second control input being

a second data 1nput connected to the fourth NFET

‘device, said second input belng noisy; and

a second PFET device connected between a source
voltage and a node. formed by the third and fourth
NFET devices, a gate of the second PFET being
connected to the second data input so that the second
PFET device and the fourth NFET device form a second
inverter, the PFET/NFET ratio of the second inverter

~ being adjusted to set an input signal trip péint,

thereby improving noise immunity of the second data
input of the dynamic multiplexer.

6. The dynamic CMOS multiplexer circuit of claim 5
wherein the PFET/NFET ratios of the first and second
inverters are approximately one-eighth to one-

guarter.

7. A dynamic CMOS differential circuit comprising:
first and second stacked NFET devices connected
between a first node and ground, the second NFET

device being closest to ground;
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a first data input connected to the second NFET
device, said first data input being noisy;

a first PFET device connected between a source
voltage and a node formed by the first and second
NFET devices, a gate of the first PFET being
connected to-the first data input so that the first
PFET device and the second NFET device form a first
inverter, the PFET/NFET ratio of the first inverter
being adjusted to set an input signal trip point,
thereby improving noise immunity of the first data
1nput of the differential c1rcu1t'

thlrd and fourth stacked NFET devices connected
between a. second node and.ground _the fourth NFET .- — -.
device belng élosest to ground;

a second data input connected to the fourth NFET
device, said second input béing noisy;

a second PFET device connected between a source
voltage and a node formed by the third and fourth
NFET devices, a gate of the second PFET being
connected to the second data input so that the second
PFET device and the fourth NFET device form a second
inverter, the PFET/NFET ratio of the second inverter
being adjusted to set an input signal trip point,
thereby improving noise immunity of the second data
input of the differential circuit; and '

a control input connected to the first and third
NFET devices, said clock input being relatively

quiet.

8. The dynamic CMOS differential circuit of claim 7
wherein the PFET/NFET ratios of the first and second
inverters are approximataly one-eighth to one-

gquarter.

. This Sheet Has Been Replaced :




