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Abstract—In this paper a tunable waveform generator (WFG)
architecture is presented. This architecture provides wide fre-
quency tuning range and consumes less power, which makes
it useful for low frequency instrumentation applications. The
proposed WFG is designed in UMC 180-nm CMOS process
technology with a single supply voltage of 1.8 V. Though the
architecture utilizes conventional OTA based Schmitt trigger and
gm-C integrator, it provides independent control over amplitude
and frequency tuning. The amplitude tuning is also symmetric
around the mid-rail voltage. The proposed scheme achieves peak
to peak amplitude tuning of 0.35 V to 1.17 V and frequency
tuning from 6.3 kHz to 2.7 MHz.

Keywords—Waveform generator, Schmitt trigger, gm-C integra-
tor, Amplitude and frequency tuning

I. INTRODUCTION

Waveform generators are mostly used to generate square
wave, triangular wave and ramp signal which are required
for excitation and synchronous clock generation in various
instrumentation applications. The applications include sensor
interfacing circuits, biomedical circuits, control system ap-
plications etc. where low to medium frequency waveform
generators are required. Tuning of frequency and amplitude
adds flexibility to the system in which multiple sensors are
required to be integrated with sensitivity tuning. Moreover,
the growing demand for portable and battery powered systems
require the design of low power waveform generators which
must be fully on-chip for integrated systems.

There are two types of WFG designs available in literature,
voltage mode and current mode. The current mode design
provides better performance in terms of linearity, power con-
sumption and design simplicity, whereas the voltage mode
designs suffer from frequency instability, increased power
consumption and reduced slew rate [1] due to the use of
operational amplifiers (op-amps). Current mode WFG designs
use Schmitt trigger along with either current conveyors [2]
or operational transconductance amplifiers (OTA) [1], [3]–[6]
or operational transresistance amplifiers [7], [8]. In current
conveyor type WFG [9], better frequency stability can be
achieved by adjusting the proper values of resistances and
capacitances. By tuning these passive elements a wide range of
frequency and peak to peak amplitude (Vpp) variation can be
achieved. The major drawback of these current mode WFGs
is, for fully on-chip implementation the passive elements
experience considerable PVT variations. Hence, maintaining

the proper values of the passive devices is quite challenging,
which makes the design more complicated. Whereas, OTA
and Schmitt trigger based current mode WFGs make the
design simple, more robust and by tuning the bias currents,
amplitude and frequency of the waveform can be controlled.
In [4], an OTA and Schmitt trigger based WFG configuration is
presented which operates on dual supply, modified in [10] for
single supply operation, where both frequency and amplitude
are controlled by tuning the bias currents. But in both the
designs, tuning of amplitude is not symmetric around the
common mode voltage, it only varies towards lower supply
rail keeping peak amplitude fixed at VDD.

In this work, we have presented a modified architecture
which provides symmetric output waveforms along with wide
tuning range of amplitude and frequency. Section II discusses
the circuit design and proposed topology and Section III
provides the simulation and post-layout simulation results.

II. CIRCUIT DESIGN AND TOPOLOGY

The WFG architecture presented in this work is shown
in Fig. 1. The shaded part (STG3) shown in this figure is
introduced to provide symmetric output waveforms, which is
the major contribution of this work.

A. Architecture of the proposed WFG

The architecture shown in Fig. 1 consists of four stages
STG1, STG2, STG3, and STG4. STG1 is a basic differential
to single-ended amplifier stage, where M1, M2 are used as
differential input pair and M3, M4 are active loads. STG2
and STG3 provide amplification to the output of STG1, where
M5 and M6 forms two common source gain amplifier for the
respective stages. The positive feedback loop created by the
combination of STG1, STG2, STG3, and resistor R forms a
hysteresis Schmitt trigger. Hence, a square wave is generated
at the VWFG terminal. The amplitude of the square wave is
determined by the value of resistance R. This square wave is
fed to the inverting terminal of the gm − C integrator. The
charging and discharging of load capacitor CL generates a
triangular waveform at the VINT terminal.

The integrator is a vital part of this WFG architecture. In
this work, a first order single-ended gm-C integrator topol-
ogy is designed, which provides wide bandwidth, high input
impedance and high slew-rate. The transconductance of the
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Fig. 1. Schematic of the proposed waveform generator.
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Fig. 2. Operation of SWG. (a) Transfer characteristic of the Schmitt trigger.
(b) Square and triangular waveforms.

integrator controls the rate of charging and discharging of
the capacitor [11]. Transconductance is dependent on the bias
current, hence by varying the bias current IB4 frequency
tuning is achieved.

1) Circuit Operation of the proposed WFG: A positive
feedback hysteresis Schmitt trigger generates square wave
when it is triggered by any disturbance without application of
any external signal. Fig. 2 shows the operation of the Schmitt
trigger. Here Vmax and Vmin are the two quasi-stable states.
Consider initially, during T1 phase, VWFG holds the initial
state Vmax, and at t = 0, the integrator output is at its lowest
level VINTL. Inverting and non-inverting inputs of STG1 is
connected to VINT and VWFG respectively. At t = 0, VIN+ is
very large compared to VIN−, M2 is OFF and M1 is ON. So,
the output of STG1 will be high (nearly equals to VDD). This
output is being fed to the gate of M5, hence M5 goes OFF

and current through it becomes zero. Under this condition,
the source to gate potential of M6 increases and it makes
M6 to conduct. Here, the aspect ratio of M15 is twice of
M14; therefore 2IB3 current flows through M15 and M16.
Again the current mirror configuration of M16 and M17 force
2IB3 current to flow through M6. Hence, a current of IB3

flows through R from VWFG terminal to VDD/2 terminal.
At this instant, the VWFG reaches its maximum potential,
Vmax, which is equal to VDD/2 + IB3 × R; this operation
is shown in Fig. 3(a). Now, as VWFG is given to the non-
inverting terminal of the integrator and VDD/2 is applied
to the inverting terminal, the current through M7 becomes
more than the current through M8. The current of M7 is
mirrored to M10 through M9. Hence, the output capacitance
CL starts charging from VINTL to VINTH, and VIN− also
changes at the same rate. With increasing VIN−, the difference
between both input terminals of STG1 gradually reduces and
M2 starts conducting, which decreases the output potential of
STG1 and at t = t1, VWFG changes its state to Vmin and
hold the state for T2 duration. Now CL is fully charged to
VINTH, at the same time M1 turns OFF and M2 conducts
most of IB1. The gate potential of M5 goes down and it
behaves like a closed switch and the gate potential of M6

is increased to VDD which turns OFF the M6. Now a current
of IB3 is flowing through R from VDD/2 to VWFG node.
Hence, the VWFG reaches its minimum potential Vmin which
is equal to VDD/2 − IB3 × R, this operation is shown in
Fig. 3(b). Now, when VWFG becomes Vmin, the capacitor
will start discharging linearly from VINTH to VINTL. As
VIN− approaches VIN+, then M1 conducts. As long as the
magnitude of VINT is greater than VINTL, VWFG will remain
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Fig. 3. Operation of Vpp variation in both direction. (a) Amplitude variation
towards Vmax. (b) Amplitude variation towards Vmin.
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Fig. 4. Simulated output waveforms of the proposed WFG.

at the Vmin level and when the VINT will be equal to or less
than VINTL, then VWFG will switch to Vmax.

The slope of charging and discharging of capacitor CL

depends on IB4

CL
. Therefore, the frequency tuning is possible

by varying the bias current IB4.

III. SIMULATION RESULTS AND DISCUSSIONS

Fig. 4 shows the simulated square and triangular waveforms
of the proposed WFG architecture. The circuit is designed and
simulated using UMC 180 nm CMOS process technology with
VDD = 1.8 V . Here, we have tuned the bias currents of the
WFG circuit to generate a square wave of frequency 25 kHz
and Vpp of 450 mV approximately.

A. Amplitude Control

As mentioned before, the peak to peak amplitude of the
square wave varies around VDD/2, shown in Fig. 4 as well,
Vmin = 0.9 V − IB3 × R and Vmax = 0.9 V + IB3 × R.
Peak to peak amplitude can be written as: Vpp = Vmax −
Vmin = 2 × IB3 × R. Hence Vpp can be tuned by changing
bias current IB3 and resistance R. Fig. 5 shows the amplitude
variation of the square wave with varying IB3 from 15 µA
to 60 µA for fixed R (10 kΩ) and IB4 (20 µA). We have
achieved Vpp tuning from 0.35 V to 1.17 V. IB3 is varied by
tuning the gate voltage of M14 and M15 (V tune IB3). Fig.
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Fig. 5. Peak to Peak amplitude variation with bias current IB3.
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Fig. 6. Peak to Peak amplitude variation with R.

6 shows the amplitude tuning with resistance variation from
10 kΩ to 30 kΩ for fixed IB3 = 15 µA and IB4 = 20 µA.

B. Frequency Control

As mentioned before, bias current IB4 can be used to tune
the frequency of the WFG. The IB4 can be adjusted by
changing the gate voltage of MIB4 (V tune IB4). Fig. 7
shows the variation of frequency from 6.3 kHz to 2.7 MHz
by changing the IB4 from 50 nA to 59 µA (for fixed IB3=20
µA, R=10 kΩ and CL =10 pF). The post layout simulation of
the frequency tuning is also shown in Fig. 7 along with the
schematic simulation. The passive parasitic components are
responsible for the deviation in the simulation result which
is expected in the post layout simulation. The layout of the
proposed circuit is shown in Fig. 8 which occupies 0.022 mm2

of silicon area.
Finally, a comparison of different WFG architectures with

the proposed WFG is shown in Table-I. The proposed WFG
achieves better performance in terms of frequency tuning range
and power dissipation compared to other reported architec-
tures. Moreover, this architecture also provides a symmetrical
variation of Vmax and Vmin around VDD/2.

IV. CONCLUSION

In this paper, an OTA based WFG architecture is presented.
An improved amplitude variation technique is proposed to
achieve peak to peak amplitude variation in both directions.
The proposed WFG architecture generates wide frequency



TABLE I. PERFORMANCE COMPARISON

Reference [3] [4] [2] [10] This work

Technology 180 nm 130 nm AD844 180 nm 180 nm
CMOS CMOS (Discrete) CMOS CMOS

Amplitude 0.75 Vpp 1.5 Vpp ±1 V 0. 9 Vpp 1.2 Vpp

Core Frequency 780 kHz 17 kHz 24.1 kHz 10 kHz 25 kHz

Type of circuit 4 OTA 2 OTA 2 CCII 2 OTA 2 OTA
elements
Resistors 3 2 6 1 1

Capacitor 20 pF 10 pF 50 pF 10 pF 10 pF

Supply voltage 1.8 V ± 1 V ± 15 V 1.8 V 1.8 V

Power 4.4 mW 457 µW 400 mW 403 µW 329 µW
Consumption
Tuning 120 - 900 kHz 6.44 - 1003 kHz 0.78 - 390 kHz 7 - 1318 kHz 6.3 - 2700 kHz
Range Single band 0.1 Hz - 502 kHz Single band Single band Single band
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Fig. 8. Layout of WFG Architecture

range square/triangular waveforms by tuning the biasing cur-
rents. It can be implemented fully on-chip without any discrete
component, making it suitable for integrated system applica-
tions. The proposed configuration achieves better performance
compared to other reported architectures.
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