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High-Voltage Generator with Multi-Stage Selection
in Low-Voltage CMOS Process

Student: Li-Chin Yu Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Chiao-Tung University

Abstract

With the development of bioelectronics, electrical stimulation had been proven to
effectively restore some physical functions of patients by such as retinal prosthesis, cochlear
implant and suppression of epileptic seizure. Since the impedance of tissues is large, the
voltage between tissues would be ‘high when the stimulator driver delivers stimulus current
through tissues. Therefore, a high voltage generator is needed in electrical stimulation.
However, in various tissues and different application, the impedance varies, the required
supply varies. The high voltage generator should provide different voltage from a few volts to
tens of volts according to the loading impedance. Although a charge pump without off-chip
device is a suitable candidate for high voltage generator in implantable medical device (IMD),
it still faces a difficult problem of serious power conversion efficiency drop in the attempt to
provide wide output voltage range.

In this thesis, a stage selection circuit that only utilizes standard low-voltage transistors
for multi-stage charge pump is presented. The proposed stage selection circuit is able to select
which charge pump stage to pump or bypass. Moreover, even though charge pump and stage

selection circuit are all fabricated in low voltage process, the proposed HV-SPDT
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(High-Voltage Single-Pole-Double-Throw) cell in stage selection circuit can make sure the
maximum voltages across the terminals of any transistor are kept within the normal supply
voltage (Vpp). By implementation with a 3-stage cross-couple charge pump and regulation by
pulse frequency modulation (PFM), proper supply voltage according to load demand could be
provided by adjusting the number of charge pump stages and PFM control regulated at target
voltage (Vr1g). The degradation of power efficiency under wide output demand can be
overcome. Furthermore, numerous challenges such as reliability, system integration, and
silicon area cost are also considered for a fully implantable medical device. The characteristic
of using standard low-voltage transistors instead of high-voltage transistors improves the
integration advantage with other biomedical digital controller into a system-on-chip (SoC).
The prototype of implementation with sthe stage selection circuit and charge pump
provides a wide output range of 3.3-12.5V and 0-3.5mA load from a 3.3V input source with
efficiency generally beyond 60%. The measurement results of power efficiency at output
voltage 4.875, 8.1, 10.8V, by using optimal stage number, can reach beyond 55% under 3.5,
1.5, 0.5mA output current. With this technique, the-maximum efficiency enhancement reaches
up to 36% at output voltage 5.77V selecting 1-stage instead of 3-stage in simulation. The
stage selection circuit and charge pump circuit are fully on chip and had been fabricated in

TSMC 0.18um 1.8-V/3.3-V CMOS process.
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