
RFIC Group Semester and Diploma 
Projects 

1. Fully Implantable Remotely Powered Sensor System for 
Biomedical Monitoring System 
(catherine.dehollain@epfl.ch)  

This	 project	 focuses	 on	 the	 design	 of	 a	 fully	 implantable,	 remotely	 powered	
sensor	system	for	long‐term	continuous	biomedical	monitoring		
	

	
The	sensor	system	will	be	designed	to	be	implanted	in	a	live	laboratory	mouse.	
The	 goal	 of	 the	 project	 is	 to	 measure	 the	 pressure	 level	 of	 the	 implanted	
environment	 inside	 the	 mouse	 and	 sending	 the	 data	 to	 the	 base	 station.	 The	
implantable	 system	 should	 include	 the	 sensor,	 ADC,	 LDO,	 rectifier,	 TX,	 RX	 etc.	
The	 system	 level	 simulations	 will	 be	 performed.	 Finally,	 the	 system	 will	 be	
implemented	 on	 a	PCB	with	 commercially	 available	 components.	 (Base	 station	
and	remote	powering	link	will	be	provided	to	the	student)	

	
	
The	student	will	design	printed	circuit	board	and	measure	the	circuit.		
	
This	project	is	proposed	within	the	frame	of	the	development	of	an	implantable	
flow‐through	left	ventricular	pressure	telemetry	system	in	small	rodent	animals	
in	 collaboration	 Dr.	 Harald	 van	 Lintel	 and	 Prof.	 Philippe	 Renaud	 (EPFL,	
Switzerland),	and	with	Dr.	Qing	Wang	(CHUV,	Switzerland).	



2. CROSS RFID performance demonstration and system study 
(catherine.dehollain@epfl.ch) 

 
This	 project	 aims	 at	 validating	 the	 maximum	 achievable	 performance	 and	
defining	 the	 stability	 requirements	 of	 an	 innovative	 radio	 architecture,	
compatible	 with	 passive	 EPC	 UHF	 Gen2	 RFID	 protocol.	 The	 development	 is	
twofold,	 with	 on	 one	 side	 the	 development	 of	 a	 proof	 of	 concept	 combining	 a	
proprietary	ASIC	and	discrete	components	without	size	or	power	consumption	
limitations	 for	 demonstration	 purposes,	 and	 on	 the	 other	 side	 a	 system	 study	
including	 analog/RF	 modelling	 and	 stability	 requirements	 in	 scilab/virtuoso	
environment.		
Internship	in	Montpellier,	compensation	provided	by	company 
 
  

 

 
  



3. Inductorless 868 MHz Low Noise Amplifier 
(catherine.dehollain@epfl.ch) 

 
This	project	aims	at	designing	an	inductorless	LNA	for	active	RFID	applications	
based	 on	 EPC	 Gen2	 protocol	 that	 is	 widely	 used	 in	 logistic	 and	 industrial	
applications.	 Goal	 of	 the	 architecture	 is	 to	 improve	 the	 reading	 range	 of	 such	
objects	 by	 amplifying	 the	 reader	 signal	 on	 the	 tag	 itself.	 In	 classical	 RFIC	
architecture	LNA	is	one	of	the	most	important	building	blocks	and	also	the	one	
occupying	most	 of	 silicon	 area,	 increasing	RF	 chip	 cost.	 This	 important	 silicon	
area	 is	due	 to	 the	presence	of	 inductors	 in	most	of	 the	 structures	especially	 at	
868	 MHz	 where	 inductor	 size	 are	 bigger.	 In	 the	 context	 of	 this	 project	 noise	
figure	is	not	a	critical	parameter	of	the	LNA	that	is	why	the	inductorless	LNA	is	
the	 targeted	 architecture.	 The	 goal	 is	 to	 design,	 layout	 and	 run	 silicon	 of	 the	
chosen	 architecture.	 Low	 power	 consumption	 and	 silicon	 area	 are	 two	 main	
challenges	of	this	project.	
Internship	in	Montpellier,	compensation	provided	by	company	
Figure	below	shows	an	example	of	implementation	of	such	a	circuit: 

 
 
	
	 	



4. Optimization of the Electric Field Homogeneity for a High 
Precision Smart Insulin Pen Cap  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An  important,  concrete  application: Diabetes  is a  long‐term  condition  that 
causes high blood  sugar  levels.  It  is either  caused by an  inadequate  insulin 
production or the body’s cells do not respond properly to insulin, or both. In 
2013,  380 million people  in  the world have been  estimated with diabetes. 
Disposable  insulin pens are today the most common injection tool  in EU and 
they represent one of the most promising emerging markets in US. However, 
these pens do not  feature any monitoring of the  injections which can cause 
dangerous over‐  and underdoses. A  smart  cap  that  replaces  the protective 
insulin  pen  cap  can  automatically  record  dose  and  time  of  injections  and 
alarm the user in case of anomalies in the pen and in the insulin.  

An	industrial	project	at	EPFL:	Valtronic	is	currently	developing	such	intelligent	smart	cap.	
We	offer	the	possibility	to	work	on	this	project	in	a	medical	device	industrial	environment,	
ISO13485	certified.	The	Valtronic	 Innovation	Team	recently	moved	to	 the	Innovation	Park	
(Building	E)	at	EPFL	and	we	will	be	happy	to	welcome	you	there.		
	

Simple	and	challenging!:	The	device	working	
principle	is	based	on	capacitive	measurements	
according	to	the	dielectric	constant	difference	
water	 vs.	 aqueous	 insulin	 solution.	 The	
presence	 of	 active	 shields	 and	 rotating	 fields	
achieves	 <1fF	 resolution	 and	 guarantees	
linearity	 and	 stability	 to	 external	 electric	 and	
mechanical	 disturbance.	 Yet,	 some	 challenges	
still	 need	 to	 be	 addressed.	 Accuracy	 and	
precision	should	hold	true	for	any	mechanical	
misalignments,	 cap	 positions	 and	 external	
conditions.	

	
Figures:	 cross‐section	 of	 the	 pen	 cap	 with	 active	 shields	 (blue)	 and	
measuring	 electrodes	 (red)	 [top	 left]	 and	 electric	 field	 distribution	
[right],	 an	 experimental	 apparatus	 with	 all	 possible	 displacements	
[bottom].	

Main	objective:	Improvement	of	the	field	homogeneity	through	practical	and	simulation	
experiments	 on	 the	 active	 and	 shielding	 configuration	 through:	 (i)	 the	 evaluation	 and	
modelling	of	the	electric	field	inside	the	cap	for	all	directions;	(ii)	the	optimization	of	the	
electrode	shape,	material,	quantity,	connection	impedance;	(iii)	the	analysis	of	the	impact		
of	external	parameters.	Practical	work	is	required	to	be	at	least	>	70%.	
	

Contacts:	for	more	information	concerning	the	type	of	project	(internship,	semester	
project,	master	thesis)	do	not	hesitate	to	contact	directly	Valtronic	or	the	reference	EPFL	
laboratory:	
Valtronic:	alepple‐wienhues@valtronic.com,	srigante@valtronic.com	
EPFL:	RFIC	Laboratory,	catherine.dehollain@epfl.ch	



5. RF Energy Harvester for IoT sensors 
(catherine.dehollain@epfl.ch) 

	
The	 IoT	 revolution	 for	 smart	 buildings	 and	 smart	 cities	 requires	 a	 new	
generation	 of	 wireless	 sensors	 that	 can	 run	 on	 low	 power	 and/or	 harvested	
power	 in	 order	 to	 reduce	 energy	 and	 maintenance	 costs	 for	 large	 scale	
installations.	 The	 project	 goal	 is	 to	 determine	 which	 harvesting	 techniques	
/solutions	 obtain	 maximum	 harvesting	 potential	 across	 the	 following	
parameters:	 	1)	radio	signal	protocol	(WiFi,	Bluetooth,	UWB,	LoRa)	 	2)	distance	
of	harvester	from	signal	source	and	3)	method	of	harvesting.	
		
The	 results	 from	 this	 investigation	 will	 drive	 the	 selection	 of	 components	 to	
design,	 build	 and	 test	 a	 proof	 of	 concept	 (PCB,	 antenna)	 for	 a	 multi‐signal	
harvesting	device	to	be	fitted	into	a	2cm	x	6cm	diameter	sensor	module.			
	

									 	
 

6. Low Power Solution (catherine.dehollain@epfl.ch) 
 

The	 goal	 of	 this	 project	 is	 to	 create	 a	 hybrid	 low	 power	 solution	 with	 the	
required	 firmware	management	 code	 for	 recharging	 and/or	 extending	 battery	
life	 in	 a	 sensor	 module,	 using	 a	 combination	 of	 harvesters	 (solar,	 piezo,	 RF).	
Individual	and	combined	power	harvesting	capabilities	will	need	to	be	evaluated	
against	multiple	battery	types	for	optimal	power	sourcing.			
	
The	 best	 combination	 (either	 in	 development	 or	 from	 commercially	 available	
devices)	will	be	used	to	design,	build	and	test	a	proof	of	concept.		Cost	and	size	of	
harvesters	and	batteries	will	factor	into	this	design	for	commercial	applications.		
This	 proof	 of	 concept	 will	 be	 designed	 with	 discreet	 components,	 a	 solar	 cell	
(≤6cm2),	 a	 temperature	 piezo	 energy	 harvester,	 a	 RF	 energy	 harvester,	 a	 BLE	
radio,	and	a	battery.		
	

			 	
 

 

 



7. Master project/ Internship: design of a low power receiver 
for pacemaker 

	
The	Medical	Implant	Communication	Service	(MICS)	was	created	in	1999	with	a	
frequency	 range	 402‐405MHz	 which	 is	 part	 of	 the	 Medical	 Device	 Radio	
Communications	 Service	 (MedRadio)	 covering	 a	 frequency	 from	 401‐406MHz.	
The	 typical	 body	 loss	 is	 between	 40‐45dB.	 Therefore,	 the	 actual	 problem	
encountered	 by	 all	 Implanted	 Medical	 Devices	 (IMD)	 is	 their	 difficulties	 to	
transmit	 or	 receive	 RF	 signals	 from	 inside	 the	 body	 to	 outside	 the	 body.	
Moreover,	 when	 the	 devices	 are	 implanted	 inside	 the	 body,	 it	 is	 not	 easy	 to	
change	or	charge	the	battery.	As	a	result,	 it	 is	critical	 that	all	 the	circuits	 inside	
the	 implant	 are	 optimized	 for	 ultra‐low	 power	 consumption.	 For	 example,	 a	
conventional	 pacemaker	 needs	 to	 last	 at	 least	 10	 years	 and	 the	 distance	 of	
operation	range	is	only	about	2	meters.	
	
Thanks	to	its	patented	technology,	the	company	DockOn	improves	the	sensitivity	
of	 the	 receiver	 up	 to	 10dB	 with	 a	 low	 power	 consumption.	 Enabling	 the	
possibility	either	to	communicate	more	often	with	the	external	base	station	or	to	
extend	 the	battery	 life.	At	 the	 same	 time,	 it	 increases	 significantly	 the	distance	
between	the	implant	and	the	base	station.	Therefore,	the	patient	does	not	need	
to	 be	 in	 closed	 proximity	 with	 the	 external	 base	 station	 to	 assure	 data	
communication	with	the	pacemaker.	
	
DockOn	 is	 composed	of	 a	highly	 experienced	 team	consisting	of	 engineers	 and	
business	experts	with	academic	backgrounds	at	UCLA,	MIT,	UC	San	Diego	as	well	
as	professional	experience	at	ARM,	Qualcomm,	Ericsson	and	Bain	&	Company.	

	
Objectives:	

(1) Get	familiar	with	DockOn	Receiver	(DR)	in	discrete	components:	
a. Simulate/Optimize	DR	with	discrete	components	
b. Measure/Optimize	discrete	DR	version	

(2) Implement	DockOn	receiver	(DR)	in	CMOS	technology:	
a. Simulate/Optimize	CMOS	DR	
b. CMOS	DR	Layout	ready	to	be	sent	to	foundry	

	
Location:	DockOn	(San	Diego,	USA)	and/	or	EPFL	(Lausanne,	Switzerland)	
	
Contact:		

 EPFL:	Catherine	Dehollain	(catherine.dehollain@epfl.ch)	
 



8. RFID reader design for owl monitoring (raffael@octanis.org) 
	
The	Octanis	Association	sets	out	on	a	mission	to	equip	Switzerland’s	owl	nestboxes	with	
an	RFID‐based	monitoring	system.		
	

	
	
Owls	will	be	equipped	with	an	RFID	tag	in	order	to	detect	their	passages	in	and	out	of	
the	nestboxes.	 Starting	with	a	demo	kit	of	 the	RFID	reader	 IC	and	an	ultra‐low	power	
MPS430	microcontroller,	some	basic	application	code	in	C	will	be	written.	Based	on	the	
selection	of	 the	discrete	components,	a	prototype	PCB	with	 integrated	antenna	will	be	
designed	 (in	 KiCad),	 manufactured	 and	 tested,	 with	 emphasis	 on	 facilitating	 mass‐
production	of	the	PCBs	at	a	later	stage.		
The	detection	system	shall	run	on	a	battery	for	6	months,	which	is	why	special	efforts	in	
low	power	consumption	(on	software	and	hardware	level)	must	be	made.	
	

	
	
Competences	you	will	develop	&	apply:	

‐ Rapid	prototyping	
‐ PCB	design,	manufacturing	and	testing	
‐ Microcontroller	programming	(C);	using	serial	protocols	like	UART	or	SPI	
‐ Antenna	design	
‐ Power	management	
‐ RFID	and	LoRa	application	design	

	
The	 student	will	 select	 a	 subset	 of	 these	 tasks	 based	 on	 his	 or	 her	 interests	 and	will	
develop	 the	 system	 in	 a	 collaborative	 effort	 with	 other	 members	 of	 the	 association.	
Academic	supervision	and	grading	will	be	done	by	the	RFIC	lab.	
	
Learn	more	about	the	project	goals	in	general	on	http://nestbox.octanis.org/		
 


