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Abstract—A biphasic pulse generator integrated 
circuit (IC) was designed, and the parameters of the 
generated pulses such as pulse rate, duration, and 
amplitude were adjusted to the desired values by 
using the time-varying differences of two inputs of the 
operational amplifier integrated on the IC. The chip 
was fabricated with the MagnaChip /SK Hynix 
CMOS 0.35 μm process, which allowed a maximum 
pulse amplitude of 3.3 V. In addition, it included a 
transformer that allowed the IC to rectify the 
amplitude modulated (AM) input with a 1 Ghz 
carrier and provide the supply voltage to generate the 
pulses. The whole size of the full system was 
441.5 μm×527.8 μm, and the system successfully 
generates biphasic pulses up to 1.2 kHz using the RF 
signal. This circuit can be used to generate biphasic 
pulses with variable parameters for distributed 
neural interfaces, and to provide scan voltages for 
potentiostat applications such as in the Fast Scan 
Cyclic Voltammetry (FSCV). In addition, this IC with 
an integrated transformer suggests that a wireless 
electroanalytical system on a chip can be achieved as 
a future work.    
 
Index Terms—Biphasic pulses, signal generator,  
demodulation, neural prosthesis, potentiostat  

I. INTRODUCTION 

Electroanalytical systems have included electrical 
signal generators, as generated signals with sinusoidal or 
non-sinusoidal waveforms are used as references for 
electroanalytical experiments and output responses 
generated by sensors and transducers. 

A potentiostat with a two or three-electrode setup is 
one of the most representative applications which show 
how these signals are used in electroanalytical 
experiments [1]. This device enables a variety of 
electroanalytical methods ranging from linear sweep 
voltammetry (LSV) to electrochemical impendence 
spectroscopy (EIS) and cyclic voltammetry (CV). Each 
method requires dynamic controls in cycling the potential 
on working electrodes. For example, cyclic voltammetry 
is a technique to plot cyclic voltammogram which shows 
the reaction progress of the chemical systems by 
supplying the repeating scan cycles of sawtooth voltage 
waves on working electrodes. 

Electrochemical devices and workstations such as a 
potentiostat have been miniaturized as they began to be 
used in nanoscale semiconductor/integrated circuit 
failure analysis and implantable neural prosthetics such 
as neural recordings, cochlear implants, and deep brain 
stimulation (DBS) for patients with neurological 
disorders. For example, a quantum-mechanical system is 
used to reveal the characteristics of defects in 
semiconductor materials with nanometer resolution [2]. 
The system used the excitonic transition of the quantum 
dot to introduce the quantum sensors for nanoscale defect 
characterization. Moreover, in vivo neural recording and 
neuromodulation techniques have led to the 
developments of many miniaturized electroanalytical 
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devices which monitor in vivo neuro-electrical activities 
and generate bioelectrical signals by achieving wireless 
data telemetry and biocompatible packaging [3]. A 
portable wireless instantaneous neuro transmitter 
concentration sensing (WINCS) system is one of the 
examples which applied Fast Scan Cyclic Voltammetry 
(FSCV) to enable in vivo high-resolution dopamine 
detections with data telemetry [4]. 

As miniaturized electroanalytical systems have made 
inroads into applications in nanoscale system analysis 
and implantable neural prosthetics, the needs for signal 
generators integrated with minimal circuits surrounding 
the IC have been also increasing. Here, we suggest an 
integrated circuit which generates biphasic pulses and 
changes their parameters depending on the parameters of 
the amplitude modulated (AM) input with a 1Ghz carrier. 
This design allowed the system to generate various 
pulses without additional surrounding interfaces, and it 
only required a single external tuning capacitor to 
achieve desired waveforms more precisely. We examined 
the performances of the system to prove that this system 
could implement dynamic controls in potential just by 
using the changes of the supply input. If the parameters 
of generated biphasic pulses vary on a chip without any 
additional interfaces, the whole size of a multi-channel 
biphasic pulse generator system can be miniaturized to 
achieve distributed neural interfaces with a higher 
resolution. In addition, this system also included a 
miniaturized transformer on the integrated circuit and 
showed that an integrated transformer stepped up the 
input with a 1 Ghz carrier, which suggests an integrated 
circuit for a wireless electroanalytical system on a chip as 
a future work. 

II. CIRCUIT DESCRIPTION 

Design of the biphasic pulse generator IC is explained 
with the help of block and timing diagrams in Fig. 1. In 
the IC, there were functional blocks of a Power Supply, 
an OP-amp based Comparator, and an H-bridge circuit. 
The Power Supply block consisted of a step-up 
transformer and a full-wave rectifier. These are 
schematically depicted in Fig. 1(a) with timing diagrams 
of important node voltages shown in Fig. 1(b). 

The source signal (VIN) was an amplitude-modulated 
(AM) signal with a radio frequency carrier. While it was 

supplied directly within the scope of current work, it can 
also be wirelessly transmitted if a separate receiving coil 
is provided. The carrier frequency was 1GHz so that the 
prospective receiving coil be of a size that can be 
monolithically integrated.  

VIN was stepped up, in terms of voltage, after passing 
through the transformer. Transformer was in an 
interleaved design, where the primary coil and the 
secondary coil are on the same metal layer. 

The full-wave rectifier circuit was made of four MOS 
diodes and a capacitor. It detected an envelope of the 
stepped-up voltage (VA), which was then fed to two 
places. First, it was connected to the comparator stage as 
the input to the OP-amp. Secondly, VA provided supply 
voltage for the remaining circuits including the H-bridge 
circuit. 

The OP-amp worked as a comparator, and this was 
where the monophasic pulse in VA became biphasic. To 
generate biphasic pulse, the output change of the OP-amp 
from High to Low must occur once. An inverting input of 
the OP-AMP (V-) was connected to the node between a 
resistor and a capacitor, which causes an RC time delay 
on the voltage of the inverting input (V-). Whereas the 
inverting input of the OP-amp (V-) was connected to an 
RC circuit, a non-inverting input of the OP-amp (V+) was 
connected to a voltage-divider circuit. A divided voltage 
on the non-inverting input (V+) worked as a reference to 
be compared with that on the inverting input (V-). 

The operation in the comparator can be further 
illustrated using timing diagrams of corresponding node 
voltages shown in Fig. 1(b). For the initial phase of the 
pulse in VA, the voltage on the non-inverting input of the 
OP-amp (V+) was higher than that on the inverting input 
(V-). Therefore, the output voltage of the OP-amp (VB) 
was High at first. However, the voltage on the inverting 
input (V+) increases over a certain period of time, and its 
value becomes higher than that of the non-inverting input 
(V+). At that moment, the output voltage of the OP-amp 
(VB) switches from High to Low. 

This shift allowed the H-bridge circuit to provide the 
switched polarity of an output voltage, which resulted in 
a biphasic pulse. The elapsed time which it took for the 
voltage on the inverting input (V-) to rise above that on 
the non-inverting input (V+) was the duration of a 
cathodic phase in the biphasic pulse. A duration of an 
anodic phase of the biphasic pulse was the elapsed time 
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from the moment which the voltage on the inverting 
input(V+) was higher, until the end of the pulse duration 
in VA. 

The duration of the monophasic pulse in VA was now 
divided into two parts in the biphasic VB. The timing of 
the division could be adjusted by adjusting the RC time. 
In the current work, an external tuning chip capacitor 
was used for the adjustment.  

While control of the switches in an H-bridge was 
commonly done with digital programming [5], we took 
an analog approach to control the switches. The 
operation of the H-bridge circuit is explained using the 
blocks in Fig. 1(a) and the timing diagrams in Fig. 1(b). 

While VB was used to control a pair of pull-up and 

pull-down transistors (colored in red), its inversion ( BV ) 

controls the other pair (colored in blue). The direction of 
the current that flows between the two output electrodes 
of the H-bridge circuit, reverses at the time the two 
phases cross. This action generated the desired biphasic 
current pulses flowing through the output nodes. 
Depending on which pair of the transistor switches are 
enabled first, the resulting biphasic pulse can be either 
negative-first or positive-first. 

The space between the two output electrodes may be 
filled with an electrolyte, and we may assign an 
impedance to represent the space. Then the biphasic 

 

(a) 
 

 

(b) 

Fig. 1. (a) The system block diagram for the designed IC with (b) key node voltages showing how the system works. 
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current pulse flowing through the impedance becomes a 
biphasic voltage. This can be seen in the color traces of 
VOUT in Fig. 1(b) where colors match those used in the 
circuit of Fig. 1(a).  

The duration and rate of the biphasic pulse (VOUT) 
were the same as the ones given in the input signal (VIN). 
The switching time between the negative and the positive 
phases of the pulse was determined by the tuning 
capacitor connected to the inverting input (V-) of the OP-
amp, and by a reference voltage set by two on-chip 
resistors connected to the non-inverting input node (V+) 
of the OP-amp. The parameters of pulse such as 
amplitude, frequency, and duration of the biphasic output 
(VOUT) were determined by those in the supply voltage of 

the H-bridge (VB) which, in turn, depended on those of 
the rectified envelope signal VA and of the input signal 
VIN.   

III. MEASUREMENT RESULTS 

The designed IC was fabricated by using the 
MagnaChip/SK Hynix CMOS 0.35μm process. Shown in 
Fig. 2(a) and (b) are the layout of the designed IC and a 
microphotography of the fabricated chip, respectively. 
The size of the fabricated chip was 441.5 μm× 527.8 μm 

including bond pads. 
To test the fabricated IC chip, a square wave source 

signal (VIN) was used, which was amplitude-modulated 
with a 1 Ghz carrier. A radio frequency signal generator 
(Agilent ESG-D Series E4433B signal generator) was 
used to provide the source. The output waveforms were 
garnered using an oscilloscope (TDS3054B, Tektronix, 
Inc., U.S.A). 

In Fig. 3(a), typical waveforms are shown. In this case, 
the amplitude of the pulse in VIN was approximately 
50 mV which was a 6 dB output from the Agilent 
generator. VA, the rectified output had pulse amplitude of 

 

(a) 
 

 

(b) 

Fig. 2. (a) A layout of the whole integrated circuit. Its size is
441.5 μm × 527.8 μm including bond pads, (b) A 
microphotography of the fabricated integrated circuit. 

 

 

(a) 
 

 

(b) 

Fig. 3. Typical waveforms measured at key nodes in Fig. 1. 
Input signals were amplitude modulated with 1 GHz carrier for 
(a) a square wave, (b) a sinusoidal input, respectively. 
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approximately 1.5 V, and biphasic pulses were observed 
in the output (VOUT) with approximately 2 V amplitude in 
both negative and positive directions. The biphasic 
pulses were negative-first as intended. The repetition rate 
was 170 Hz and an external tuning capacitor of 8.2 nF 
was used. 

The IC produced similar waveforms when a sinusoidal 
input waveform was used instead of the square one, as 
shown in Fig. 3(b). When compared with the waveforms 
shown in Fig. 3(a), one may notice a difference in the 
envelope of the biphasic output having a sinusoidal shape, 
as expected for a sinusoidal input. 

The minimum voltage of VA at which the biphasic 
pulse generation occurred was about 1 V and this is due 
to the fact that VA was used as the supply voltage for the 
comparator and H-bridge circuits. The IC worked well up 
to 3.3 V of VA, which is the power supply voltage of the 
IC.  

The chip was also tested for various repetition rates. 
Clear biphasic pulses were generated at the rates of 170, 
500, and 1.2 K Hz, for which the off-chip tuning chip 
capacitors of 8.2, 3.3, and 1.2 nF were used, respectively. 
When tested at 10 K Hz, however, the waveforms of the 
supply voltage and the biphasic pulses were distorted.  

IV. DISCUSSIONS AND CONCLUSIONS 

A full-custom integrated circuit was designed, 
fabricated, and tested, that generated biphasic pulses out 
of monophasic, amplitude-modulated input signals. 
Adjustments of all three pulse parameters (amplitude, 
duration, and repetition rate) were made. Similar works 

have been made by other groups in the past [3, 6, 7] and 
results of this work can be compared with the other 
published works as summarized in Table 1. 

This work is distinguished from other works in that it 
has succeeded in generating biphasic pulses while the 
others have produced monophasic pulses only. We were 
able to make adjustment to all three relevant pulse 
parameters (amplitude, duration and rate) as the others 
have invariable parameters [3, 7]. 

The other teams were successful in transmitting the 
modulated input signal wirelessly either using on-chip 
receiving coil [3] or an off-chip one [7]. We, on the other 
hand, were not able to make the wireless transmission 
work. Even though we had, in a separate chip, a design 
that incorporated an on-chip receiving coil, the on-chip 
transformer did not have enough step-up ratio to make 
the supply voltage (VA) surpass the threshold 
voltage(1V) needed for the node. In the future work, we 
are planning to incorporate an alternative receiving coil 
and signal processing circuitry to resolve this issue. 

The IC worked for repetition rates up to 1.2 KHz. 
Further studies on analyzing the characteristics of 
components used in this IC such as reverse recovery time 
and parasitic capacitances would be required to make the 
IC to work at the higher frequency. 

In summary we have demonstrated a simplified circuit 
that can generate biphasic pulses from monophasic input 
signals where adjustment of pulse parameters was readily 
made. Even though it needs additional work to complete 
the wireless link, we think the miniaturized pulse 
generator described in this work can be applied to 
achieve a high-resolution analysis on various chemical 

Table 1. Comparison of performances of prior researches and this work 

 [3] [6] [7] This work 
Process 130 nm RFCMOS 65 nm LPCMOS - 350 nm CMOS 

Operation voltage 
(V) 1.2–1.3 2.5 - >1, <3.3 

Die size (μm2) 100x200 
(excluding pads) 

150x400 
(including pads) 

1100x1100 
(including pads) 

441.5x527.8 
(including pads) 

Stimulation 
strategy 

Monophasic 
current or voltage pulse 

Monophasic 
current pulse 

Monophasic 
voltage pulse 

Biphasic 
current pulse 

Stimulation 
parameter 

Invariable amplitude, 
Variable duration and pulse 

rate according to RF-
transferred power signal 

Variable amplitude, duration, and 
pulse rate according to ultrasonic 

power signal 

Variable amplitude according to 
RF-transferred power signal, 

Invariable duration 

Variable amplitude, duration, and 
pulse rate according to RF-

transferred power signal 

Wireless power 
and data transfer 

On-chip coil with transmission 
frequencies between 800 MHz 

and 2 GHz 
(power transfer) 

Piezo-crystal for ultrasonic 
communication 

(power and control signal transfer)

External coil with a resonant 
frequency of 394 MHz 

(power transfer) 

On-chip coil with a transmission 
frequency of 1 GHz 

(power transfer) 
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and electrical systems. In addition, it can allow more 
efficient distributed neural interfacing system for high-
resolution stimulation on a broad area of neurons, while 
conventional pulse generators for distributed neural 
interfaces can only generate monophasic and invariable 
pulses. 
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