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Applying Analog Techniquesin Digital CM OS Buffersto Improve Speed
and Noise |mmunity

RADU M. SECAREANU AND EBY G. FRIEDMAN

Department of Electrical and Computer Engineering, University of Rochester, Rochester, NY 14627-0231
E-mail: radums@ece.rochester.edu; friedman@ece.rochester.edu

Abstract. A digital CMOS buffer circuit with a voltage transfer characteristic (VTC) with low threshold voltage
detection, hysteresis, and high noise immunity is presented. The circuit is capable of restoring slow transition times
and distorted input signalswith aminimum delay penalty, offering at the same time high noiseimmunity to glitches
induced either through capacitive coupling or from the power supply lines. The high noiseimmunity of the proposed
buffer circuit is achieved using differential mode rejection and a differential redundant circuit architecture.
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I. Introduction

A digital CMOS buffer with hysteresis and which uses
differential signaling is introduced in this paper. Cer-
tain concepts from the HDR buffer [1], for which a
circuit schematic is shown in Fig. 1, are used within
this new circuit structure. The advantages offered by
the HDR buffer, such as low switching threshold volt-
ages, hysteresis, and small input-to-output delay [1],
can be used to improvethe speed of an RClineasinre-
peater insertion [1-3], and/or restore slow transitioning
signalswith aminimal delay penalty. These advantages
arepartially offset by the circuit being more sensitiveto
noise. Consider the following example with reference
to Fig. 1. A noise spike is induced through capaci-
tive coupling into the input line which isnormally at a
low state, producing a parasitic input voltage. Assume
the switching threshold voltages for an HDR buffer,
an inverter, and a Schmitt trigger for alow-to-high in-
put transition (V) are 1.5 volts, 3 volts, and 4 volts,
respectively. For a high-to-low input transition (Vy_),
these switching threshold voltagesare 3.5 valts, 2 valts,
and 1 volt, respectively. If the amplitude of the noise
spikeisat least equal to Vi and is of sufficient dura-
tion, theHDR buffer will transmit the parasitic signal to
the output, creating a malfunction. Note that the HDR
buffer has the least noise immunity of the three circuit
types. A similar effect may be encountered dueto noise
spikes induced on the power supply lines because of
parasitic effects such as simultaneous switching noise

(SSN). The two noise problems are particularly impor-
tant when driving interconnect lines, since capacitive
coupling in interconnect lines and ground bounce due
to high current buffers are highly probable events.

The buffer circuit proposed here, caled HDRN
(HDR buffer with improved Noise), eliminates these
noise problems by improving the noise immunity
without degrading the benefits of the HDR buffer [1].
A detailed description of the operation of the proposed
buffer circuit, aswell assomesizing considerationsand
tradeoffs, arepresentedin Section |1. A summary of the
HDRN performance is offered in Section I11. Finally,
some conclusions are presented in Section V.

Il. Operation of the HDRN Circuit

Theprincipal objective of theHDRN buffer circuitisto
eliminate the noise sensitivity of the HDR buffer while
maintaining the advantages of the HDR buffer. Ac-
cordingly, the HDRN buffer must tolerate noise which
may be induced from two principal ways. capacitive
coupling induced noise and noise induced from the
power supply lines. A buffer circuit structure similar
to adifferential analog amplifier circuit isemployed to
achieve these objectives. However, whilein a differen-
tial analog amplifier, thecommon modesignal (or noise)
is rejected, in the HDRN circuit, the differential sig-
nal isrejected. The proposed circuit generates the out-
put signal when the two inputs, that drive two similar
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Fig. 1. Transistor level schematic of athree stage HDR circuit.

sections of the circuit, are similar. The circuit may also
be interpreted as using a redundant architecture. To
produce a parasitic output transition in this differen-
tial signaling scheme through capacitive coupling, a
noise spike must be induced simultaneously into the
two input lines, Viny and Vi,_, a highly unlikely sit-
uation. This situation may also be avoided by routing
the noisy lines such that the noiseis unequally induced
into the two input lines. To eliminate the noise induced
from the power supply line, one section of the circuit
operates with the system ground line, while the sec-
ond section operates with aquiet ground line used only
for these buffer circuits and other quiet blocks in the
system. To produce a parasitic output transition from
the power supply lines, a noise spike must be present
simultaneously on both ground lines, also ahighly un-
likely situation. Strategiesto further minimizethenoise
on the quiet ground line exist, minimizing the common
mode signal for the two sections of the circuit, thereby
reducing the probability of producing a parasitic out-

put transition. The differential redundant architecture
together with the use of two separate ground lines min-
imize both the probability of inducing a parasitic tran-
sition due to capacitive coupling noise as well asfrom
the power supply lines.

A circuit schematic of the HDRN buffer isshownin
Fig. 2. Thecircuit hasadifferential input and adifferen-
tial output. To describe the proper use of the proposed
circuit, consider arepeater application [1], asshownin
Fig. 3. The Vin, and Vj,_ nodes are the most sensitive
nodes within the HDRN circuit since the input signal
transitions are detected with low threshold voltages.
Two identical signals drive the Vi, and Vi,_ nodes of
the HDRN buffer. For example, if the output of the fi-
nal logic block beforethe RC lineisaNAND gate, two
similar NAND gates with the same inputs are used to
generatethe Vin, and Vin_ inputs, asshowninFig. 3. If
the output of one NAND gateis used for both the Vi,
and Vi,_ signals, anoise induced at this output affects
Viny and Vi equally. Accordingly, the circuit must
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Fig. 2. Circuit schematic of the proposed HDRN circuit.
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separate the Vi and Vi, nodes to minimize the com-
mon mode signal on the two inputs, insuring the high
noise immunity of the HDRN circuit. Another impor-
tant aspect of thecircuit isthat in order to separate Vi, ;
and Vj,_ for al of the HDRN buffers along an RC line
(seeFig. 3), each HDRN buffer should have two inde-
pendent outputs (as shown in Fig. 2). Each of the Vg
and Vot outputs drive similar RC lines connected to
the Vin,. and Vi inputsof thefollowing HDRN buffer.
Thefinal HDRN buffer has only the “ —section,” since
thelogic block that is connected at the output of the RC
line requires anormal, non-differential input. Note the
ground connectivity in Figs. 2 and 3 which insuresthat
only the noise that is present equally on both ground
lines affects the output of the buffer. Note also that
to obtain the optimal delay of the total RC line using
HDRN buffersasshowninFig. 3, therouting of thetwo
RC linesegmentsmust besimilar, thereby introducing a
similar delay. The same principleisvalid when design-
ing the general inputs of the HDRN repeater system,
such asthe two NAND gates shown in Fig. 3.

Thenoisesensitivity of theHDRN circuit isdifficult
to quantify, since any noise must be simultaneously
induced ontwo signa linesthrough capacitive coupling
or on the two ground lines through effects such as SSN
in order to produce aparasitic transition at the output of
theHDRN circuit. Therefore, aparasitic transition may
never beinduced. Note, however, that two similar lines
aredriven by thetwo outputsof thebuffer. Accordingly,
the power dissipation of thecircuitispractically double
as compared to driving the line with HDR buffers.

The HDRN circuit shown in Fig. 2 includes two
HDR buffers with a reduced load at the insertion
points [1]. Similarly, any version of two HDR buffers
[1] can be used to create an HDRN circuit. Thetransis-
tor sizes are similar to an HDR circuit. The additional
hardwareof an HDRN circuit (thetwo additional gates)
may also be used to provide signal amplification. The
two additional gates may beincorporated into theinput
stages of the two HDR buffers.

I11. Simulation Results and Perfor mance
Comparison

Circuit simulations based on Cadence-Spectre and a
1.2 um CMOS technology are described in this
section. For sizing strategies as discussed in [1], the
performance of the HDRN circuits when the NAND
and NOR gates provide no amplificationislistedin Ta-

Table 1. Performance comparison of different HDRN circuits with
different transistor sizes.

Q1-Q2/  Vwy/ Final Buffer
Q3-Q4 V- Q5/Q6 Stage Delay

No.  (um) V) () (um) (ns)
128/384  13/37 75/75 220/650 0.35
128/384 16/33 520/520 1700/5100 0.36
128/384 12/38 15/15 50/150 0.60
54/162  1.3/37  15/40 220/650 0.50

16/46 17/32 15/40
54/162  13/37  42/110
16/46 17/32  42/110

220/650 052
650/1900 058
650/1900  0.62

~No b WN R

blelascases1to5. Cases1, 2, and 3 of Table 1 refer to
Fig. 1, while cases 4 and 5 refer to an HDR buffer with
reduced load at the insertion points [1]. Cases 6 and 7
of Table 1 refer to the HDRN buffer shown in Fig. 2
when sized such that the two gates provide amplifica
tion (assuming atapering factor of e = 2.7). Note the
available larger width of the final stage which can be
used to drive large capacitive loads. As discussed in
Section |1, to produce a parasitic transition at any of
the outputs of the HDRN circuit, a noise signal must
be simultaneously present on both of the inputs, Vi,
and Vj,_, or on both of the system and quiet grounds,
both of which are highly unlikely events. Therefore, a
parasitic transition may never be induced.

IV. Conclusions

A circuit is proposed that exhibits high noise immu-
nity and exploits advantages such as a VTC featuring
low threshold voltages, hysteresis, and small input-to-
output delay. The noise threshold of this circuit hasno
practical limit due to the differential redundant circuit
architecture and the use of two different ground lines.
Transistor sizing considerations and design tradeoffs
are also discussed, while the performance of different
versions of the HDRN buffer are briefly outlined.
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