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Cochlear implant microsystem

Power management unit

Central processing unit (CPU)

Digital signal processing (DSP)
Stimulation circuit

Rectifier

Low dropout regulator (LDO)
Bandgap voltage reference

Charge pump

Quiescent current

Decoder

Bone guided cochlear implant (BGCI)
Quality factor

System on chip (SOC)

Fully implantable cochlear implant (FICI)
Programmable Output Power Amplifier
Modulator

Binary Phase Shift Keying (BPSK)
Load Shift Keying

Self-biased

Stacked Transistor

Switching regulators

linear regulators

Error amplifier

Source follower

System on chip (SOC)

Slew rate

WRERSREET VRN
Ol o pae w1y

S35 o 055ls 5 g

lao Jluzms Kisls

Sy e

el 5y Sl L (sla, Y58
b IS 5y o e

LS Gy

oS Sl b >

LS5,

Sy ol igslr 285
CbeS oy

ol Ja casls

RSB 255 b ol o025 casis
s Y g

3B e (FialS

b S (SylS

oalar bl (gl gt 5l 3
oXgd g Sl2,3YsS
b sleysYsS,

g oS Jlis

SWECK



Static metrics

Dropout voltage

Line regulation

Load regulation

Dynamic metrics

Line transient response

Load transient response

Power supply rejection (PSR)
Power efficiency

current efficiency

Loop gain

Analog-Assisted digital regulator
Process, Voltage, Temperature (PVT)
Part per million (ppm)

Pole splitting

Cortical implant

Power conversion chain (PCC)
Subthreshold

Adaptive compensation network
Implantable for brain cortical recording
Phase locked loop

Process compenstation

Slope factor

Line sensitivity (LS)
Temperature coefficient (TC)

Complementary To Absolute Temperature
(CTAT)

Proportional to absolute temperature
(PTAT)
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Self regulating eebasogs

Leakage current s by
Voice Activity Detection (VAD) Syo el Lo 5]
Current Feedback Control Loop (CFCL) by Kb b Sllee saisScagis
Dynamic biasing Ly bl
Adaptive Miller Compensation (AMC) o Blbail ol
Start-up slaslel
Figure of merit (Nl jlxe
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Abstract

Abstract

The main goal of this thesis is to design and simulate a power management unit in
cochlear implant microsystem. The power management unit is one of the essential
components of any electronic system, responsible for providing power supply
voltage to various circuit parts. One of the sensitive applications of the power
management unit is in medical systems, where unlike electronic circuits where we
could add peripheral circuits like fans to the circuit in case of power increase, in this
application, we are not allowed to generate any power, and sometimes high power
generation can damage body tissues. Important components of the power
management unit include a rectifier, a low-dropout voltage regulator (LDO), a
bandgap voltage reference circuit, and a charge pump circuit. This thesis focuses on
innovation in the regulator circuit. Other parts are considered ideal. In the proposed
regulator circuit, in addition to using a voltage feedback loop, a current feedback
loop 1s also used. This ensures that the output voltage returns rapidly to its initial
state in case of sudden load changes. The current feedback loop is implemented by
an amplifier, transforming the regulator circuit into a three-stage structure that
requires frequency compensation. In this structure, by using Adaptive Miller
Compensation (AMC) method, we won't have instability issues when the load
increases. Additionally, by selecting appropriate dimensions and gain of the second
stage, we can achieve good Power Supply Rejection Ratio (PSR) and proper line
regulation. To increase the time response, a dynamic biasing method is used, which
increases the rate of change in the passing transistor gate. The proposed regulator
circuit has an output of 1.8V for the stimulation circuit, a PSR of -71 dB, a quiescent
current of 2 uA, a line regulation of 0.2%, and a settling time of 200 ns. The bandgap
voltage reference circuit used in this structure is constructed with only 6 MOSFET
transistors and does not require a startup circuit. The output of this circuit, which is
essentially the regulator reference voltage, is 0.6V. It also has a line sensitivity of
0.15%, a temperature coefficient of 41.49, and a PSR of -63 dB at a frequency of 1
kHz.

Key Words: Cochlear implant microsystem, power management unit, low-drop
voltage regulators (LDO), voltage reference, quiescent current, line regulation, PSR.
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