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Abstract— This paper will present work on a recharged com-
parator using Semi Floating-Gate (SFG) MOS devices. The out-
put voltage of a basic SFG MOS Comparator circuit is normally
interleaved with a recharge voltage. This prohibit control of pass-
gates, which requires binary control signals. An output buffer is
introduced to allow the control of pass-gates and multiplexers
(MUXs) beyond a single recharge clock period. The recharged
comparator is utilized as reset logic in a recharged multiple-
valued (MV) n-ary frequency divider (FDIV). The MV FDIV
reduces the number of transistors required for a configurable
frequency division of modulus between two and eight. This
makes it applicable as bit-counter and symbol clock generator
in recharged configurable serial D/A converters. Simulation data
is obtained using AMS 0.35µm process parameters c35b4.

Index Terms— CMOS frequency divider circuits, Multiple-
valued logic circuits, Switched capacitor circuits, Semi floating-
gate circuits.

I. INTRODUCTION

Multiple-valued logic (MVL) systems have been proposed
as an alternative to binary logic. A MVL system is defined as
a system operating on a higher radix than two [1]. A radix-n
set has n elements, {0, 1, ...., n-1}. The feasibility of MVL
depends on the availability of the devices constructed for MVL
operations [2]. The devices should be able to switch between
the different logical levels, and preferably be less complex
than the binary counterparts.

This work focus on recharged comparators [3] and their
application in iterative algorithms. An example of an iter-
ative Multiple-Valued N-ary Frequency Divider utilizing a
recharged comparator is given. The circuits are implemented
using semi floating-gate (SFG) devices [4].

A basic recharged comparator has features which prohibit
control of pass-gates. The pass-gates require a true binary con-
trol signal. The output voltage of the comparator is interleaved
with a recharge voltage, hence an unwanted situation may
arise. That would be when the pass-gates are combined in
a multiplexer (MUX) configuration. We then risk short-circuit
effects or resistive coupling between the two switched nodes.
Semi floating-gate based recharged comparators are clocked
floating-gate inverters with a two phase clock scheme. These
are the “recharge” and “evaluation” period. During “recharge”
the output is set to the floating-gate voltage Vdd/2. This
gives an output voltage interleaved with Vdd/2. In traditional
SFG based recharged comparators this prohibit control of

multiplexers beyond a single evaluation clock period, which
is essential when implementing iterative algorithms. Another
problem is the low gain in inverter based recharged com-
parators. In order to allow integration in iterative algorithms
a binary memory is introduced in series with the recharged
comparator. The buffered SFG comparator has two modes of
operation, comparator and hold. The output buffer samples the
output voltage during comparator mode and locks the current
digital output voltage when entering hold mode. The resulting
buffered semi floating-gate comparator demonstrate improved
gain and a non-interleaved binary output signal. Its output is
capable of controlling MUXs and pass-gates beyond a single
clock period.

The Multiple-Valued N-ary Frequency Divider is an exam-
ple of an iterative algorithm. It is a multiple-valued alternative
to digital frequency dividers using flip-flops. A basic multiple-
valued frequency divider require some form of reset signal.
Often a global reset clock signal is required. We propose a
self-resetting n-ary frequency divider consisting of a buffered
SFG comparator and a multiple-valued SFG frequency divider.
Compared to digital solutions the proposed circuit has several
new features. Its divisor is inherently runtime reconfigurable
and may be set by using a bias voltage. In digital circuits
frequency dividers or synchronous counters are often realized
using flip-flops and are inherently of modulus 2N , where N
is the number of flip-flops. In some applications one may
not have a fixed modulus N, rather a generic counter with
a reconfigurable modulus is required. If this is the case, then
a digital counter with parallel load [5] can be used. In this
work we provide simulation results demonstrating divisors
between two and eight. Digital counters with parallel load
exhibit a significantly higher device count. The proposed
multiple-valued frequency divider demonstrate a considerably
higher functional capacity per element. Another feature is
the asymmetrical frequency divided output clock. Digital flip-
flop based frequency dividers provide symmetrical output
clock signals. This allows direct utilization as a level-based
reset signal. In this work we present an alternative multiple-
valued N-ary frequency divider comprising of a recharged MV
counter and a buffered recharged comparator. The MV FDIV
has configurable divisor or modulus controlled by the MV
counter step size. The modulus follows the radix of the MV
counter.
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Fig. 1. Schematic diagram of a multiple-valued one input semi floating-
gate inverter and its associated symbol. The ideal capacitor values are C1 =
C2 = C. The reset switches are realized as pass-gate transistors. A set of sim-
ulation parameters optimized for linearity and lower power consumption was
found: M1=3.05/0.35µm, M2=M3=1.5/1.5µm, M4=0.6/0.35µm, C1=14.0fF,
C2=11.7fF.

II. SEMI FLOATING-GATE (SFG) INVERTERS

We use floating-gate inverters with a reset or recharge
scheme [4], [6], [7]. The recharging is accommodated by
a local reset switch. This switch is realized using pass-gate
transistors connecting the output of the SFG MV inverter and
its floating-gate node. By matching the drain-source currents in
the n-type and p-type transistors, we assert an equilibrium state
when the reset transistor is closed. The output and the floating-
gate is set to the required recharge voltage Vdd/2. When
the reset switch is turned off, the floating-gate is initialized
to Vdd/2 and the circuit is balanced. Due to the leakage
current at the floating-gate, SFG MV inverter needs to be
recharged periodically. A one-input semi floating-gate inverter
is included in Fig. 1. The interleaved recharge voltage, Vdd/2,
is a part of the SFG MV signal specification.

III. BUFFERED SEMI FLOATING-GATE (SFG)
COMPARATOR

A. Description

A simple recharged MOS inverter is used as a comparator
[3]. The variable threshold is tuned through a bias voltage
connected to one of the two input capacitors and is known
as a two input SFG MOS digital inverter or tunable down
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Fig. 2. Circuit diagrams of a buffered SFG Comparator with removal of the
interleaved recharge voltage. The ideal capacitor values are C1=4C and C2=C.
A set of minimum size simulation parameters optimized for linearity were
found. Digital inverters were implemented using Wp=0.35µm, Wn=0.6µm,
Lp = Ln=0.35µm. The switches are realized using pass-gate transistors with
Wp=1.5µm, Wn=1.2µm, Lp=Ln=0.35µm. Input capacitor geometries were
C1=39.9fF and C2=10.0fF.
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Fig. 3. Equivalent circuit diagrams of the two SFG Comparator modes of
operation, “comparator” mode and “hold” mode.
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Fig. 4. Unbuffered and buffered output voltage of a recharged comparator.
The comparator is configured with a switching point of 1.5V (3/4 Vdd).

literal circuit [8]. The output voltage of this basic SFG MOS
Comparator circuit is interleaved with a recharge voltage. This
prohibit control of pass-gates, which require binary control
signals. A binary memory is introduced in series with the
comparator as an output buffer. In Fig. 2 the proposed buffered
SFG MOS Comparator is shown. It consist of two digital
inverters and has two modes of operation, a comparator
(“evaluation”) and a hold (“recharge”) mode. While in its
comparator mode the feedback inverter is disconnected and
the circuit function as a single inverter providing additional
gain to the comparator. In the hold mode, the two inverters
are in a loop configuration locking the current digital value of
the output buffer. This allows the comparator to be recharged
without interleaving the output with the recharge voltage. The
result is a digital output voltage (Φ) capable of controlling
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Fig. 5. Self-resetting multiple-valued Counter using recharged inverters. The circuit comprise of a recharged multiple-valued counter (upper section), and a
buffered recharged comparator (lower section). The ideal capacitor values are C4=C5=C7=C, C2=2C and C6=4C. A set of minimum-size parameters were
used. The digital inverters use Wp=3.05µm, Wn=0.6µm, Lp = Ln=0.35µm. Switches are realized using pass-gate transistors with geometries Wp=1.5µm,
Wn=1.2µm, Lp=Ln=0.35µm. The capacitor geometries used are C1=C4=18.8fF, C2=16.0fF, C3=11.7fF, C5=14.0fF.

switches and MUXs beyond a single comparator evaluation
period.

Ψ : 4
5 (Vin − Vdd/2) > 1

5Vdd

Vin > 3
4Vdd = 1.5V (1)

The comparator input values are a combination of the voltage
change with the associated capacitive weight. A negative or
subtractive voltage reference is accomplished by using com-
plementary recharge clocks. In Fig. 3 we include equivalent
circuit diagrams of the two modes of operation.

B. Simulation results

The accuracy of the SFG Comparator output voltage and
its deterministic properties. The output voltage as a function
of differential input voltage is shown in Fig. 4. Two sets of
measures, from a unbuffered and buffered recharged com-
parator, are included. The simulations demonstrate removal of
the interleaved recharge voltage and improved gain properties
when using the proposed buffered SFG Comparator.

IV. SEMI FLOATING-GATE N-ARY FREQUENCY

DIVIDER

A. Description

The proposed self-resetting recharged MV counter is given
in Fig. 5. It comprise of a recharged N-ary multiple-valued
counter and a recharged comparator. The multiple-value
counter utilizes a SFG MOS latch structure [9] as internal
memory. The comparator is included as a local reset generator.
This reduces the interconnect requirements. The modulus of
the N-ary frequency divider follows the radix of the multiple-
value counter.

The modulus of the FDIV is reconfigured by a change
in the voltage swing of the external clock signal Vinc CLK .

We will refer to this parameter as Vinc and assume a fixed
V0 CLK amplitude of V0 = 0.4V . The multiple-valued counter
then counts from its initial value of V0 and ascends upwards
with a step size of Vinc . After each step the counter output
voltage is compared to a reference voltage of 1.5V by the
recharged comparator. The counter runs N iterations before a
reset is generated by the comparator. The internal multiple-
valued counter voltage is modeled by the equations

Φ = 1 : Vout(n) = V0,

Φ = 0 : Vout(n) = Vout(n−1) + Vinc. (2)

An initial condition Ψ = 1 occurs every N clock cycles. It is
triggered by the condition

Ψ : Vout > 3
4Vdd = 1.5V. (3)

B. Simulation results

The output voltages of a multiple-valued counter using a
step size (Vinc) of 170mV, is given in Fig. 6. The step size
correspond to a multiple-valued radix or frequency divider
modulus of N=8. The frequency divider output clock signal
is found as the buffered comparator output signal Φ. A
complementary output clock signal Φ is provided but not
included in the simulation results. Output and input clocks
from frequency division with modulus eight is given in Fig.
7. Runtime reconfiguration of the FDIV or MV Counter
is possible by choosing the appropriate input clock signal
Vinc CLK . A set of parameters are shown in the table below.
The values assumes an initial multiple-valued counter voltage
of V0=0.4V and a comparator that generates a reset when the
multiple-valued counter passes an upper boundary of 1.5V.
The output signals are complementary clock signals Ψ and
Ψ of frequency fΨ = fΦ/N . The pulse-width of Ψ and Ψ
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Fig. 6. Output voltage from internal multiple-valued counter with radix eight
(N=8). The counter counts upwards from “0” to “7” before it is reset.

Modulus/Radix Vinc CLK swing
2 1.2 V
3 800 mV
4 400 mV
5 300 mV
6 250 mV
7 190 mV
8 170 mV

is synchronized with the input clock Φ and has a period of
T = 1/fΦ.

V. APPLICATIONS

The proposed buffered SFG comparator output allow the
control of MUX’s and pass-gates beyond a single recharge
clock period. This makes it a key component when imple-
menting iterative algorithms. Example of applications are the
included N-ary FDIV, serial D/A converters and serial A/D
converters.

The proposed MV N-ary FDIV is applicable as reset logic
in recharged serial D/A converters. In these converters each
conversion is initialized by a complementary reset clock
signal. The reset signal synchronize the initialization of each
conversion and the readout of analog voltages. The serial D/A
converter is a synchronous converter where bits are clocked in
serially by a bit clock (Φ). This bit-clock can be used as input
in the proposed n-ary FDIV. The FDIV modulus correspond to
the resolution of the D/A converter. A modulus between two
and eight is set by choosing the correct step size, Vinc. The
set of complementary output or reset clock signals (Ψ and Ψ)
are automatically synchronized with the bit-clocks.

The proposed multiple-valued frequency divider is compara-
tively small with its element count of 35 elements (7 capacitors
and 28 transistors). An example of a similar configurable dig-
ital solution is the flip-flop based digital counter with parallel
load [5]. The digital solution requires a much higher number
of transistors than a MV N-ary FDIV. A three bit version of
the digital counter with parallel load has an element count
of 173 transistors. The four bit version has 229 transistors or
elements. In addition, further pulse-width manipulation of the
symmetrical output clocks will be required.

VI. CONCLUSION

A buffered SFG comparator scheme capable of controlling
MUXs and pass-gates beyond a single recharge clock period
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Fig. 7. Output and input clocks from frequency division with modulus 8.
The output pulse has twice the pulse-width as that of the input clock.

has been proposed. The new SFG comparator introduces
new functionality to SFG MOS circuit design, allowing more
complex algorithms to be implemented. Its applicability in a
n-ary FDIV is demonstrated through simulations using AMS
0.35µm process parameters c35b4. The FDIV is self-resetting
and runtime configurable. The multiple-valued n-ary FDIV
demonstrates higher functional capacity per element compared
to a digital solution.

VII. FURTHER WORK

The circuit is to be integrated as generator of a global reset
clock in a SFG MOS Serial D/A Converter application. The
proposed buffered comparator is a candidate for use in a SFG
based successive approximation serial A/D converter.
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