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Overview	

•  uSOP:	a	Service-Oriented	Pla3orm	for	
embedded	applica9ons	

•  Hardware	
•  So<ware	
•  uSOP	at	work:	monitoring	complex	detectors	
– Belle2,	Beast2	@	KEK		

•  Conclusions	
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uSOP		
•  uP-	based,	Service-Oriented	

Pla3orm	for	embedded	
applica9ons	

•  Strongly	oriented	to	SPI,	I2C,	
JTAG,	UART,	with	isolated	power	
for	peripherals	and	sensors	

•  Fully	managed	remotely	
•  3U	Eurocard	na9ve	form	factor,	

expandable	
•  Derived-from	and	compa9ble-

with	BeagleBone	Black	open-
source	project	

The	uSOP	board	

•  Running	Linux	OS	(Debian)	
–  por9ng	armv7l		

•  Full	support	for	compilers	
and	applica9ons	

•  Kernels:	major	releases	
available	
–  3.x	and	4.x		

F.	Di	Capua	 INSTR2017	-	Novosibirsk,	Russia	 3	



uSOP	–	uP	and	u9li9es	

USB	device	

10/100	
Ethernet	

USB	host	

uSD	

10/100	Ethernet	(controls	and	
managament	only.	See	next	slide)	

512	MB	DDR3	RAM	

4	GB	Flash	eMMC	

5V,	500mA	(typ)	
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Sitara	
AM3358	



Remote	Management	

UART0	

RST,	power,	boot	

Console,		
bootloader	

•  Based	on	the	latest	version	of	
Lantronix	Xport-Pro	

•  µP	Freescale	MCF5208,	MMU-less	
architecture,	8MB	RAM,	16MB	Flash	

•  SoC	running	uCLinux	with	a	full	
cross-compiled	SDK	

•  Remote	control	
over	IP	for:	
–  uP	Reset	
–  Boot	mode	
–  Power	on/off	

•  UART	over	IP:	
–  Console	
–  Bootloader	

•  More	tasks	can	be	
implemented	
(watchdog,	
controls,	…)	

I2C	Expander	

uSOP	
front	view	

10/100		
Ethernet	
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uSOP	–	Peripherals/In3	

2	x	RS232	(*)	 JTAG	(*)	

2	x	SPI	(*)	

2	x	I2C	(*)	

4	x	12	bit	AIN	(**)	
+	2	on-board	power	monitoring	

16	x	GPIO	

•  =	fully	isolated,	5V-12V	supply	
**	=	buffered	

TCK	

TDI	 FPGA	firmware	download	

Timers	
PWM	
Event	Capture	
PRU	
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QuickEval	compa9bility	
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SPI	 and	 I2C	 busses	 are	 accessible	 via	 connectors	 compa9ble	 with	 the	
QuickEval	 specifica9ons	 from	Linear	Technology	allowing	 the	developer	
to	benefit	from	a	large	variety	of	high-performance	evalua9on	boards	



ΔΣ	ADC	–	LTC2499	noise	floor	

•  uSOP	bench	test	with	
LTC2499:	
–  ΔΣ	ADC,	24	bit	
–  I2C,	powered	by	uSOP	
isolated	supply	

–  Vin	=	0V,	Input	shorted	to	
local	ground	

–  	̴5	Hz	sampling	rate	
–  50	Hz	filter	
–  Vref:	5V	
–  Read-out	by	EPICS	IOC	
–  GUI	by	CSS/BOY	

<V>	=	1.5µV		
RMS	=	670nV		
24	effec9ve	bits	

FWHM	=	2µV		

Source:	linear.com	
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MONITORING	COMPLEX	
DETECTORS	
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The	Belle2	EndCap	ECL*	monitoring	system		
•  Minimal,	stand-
alone	monitoring	
system	at	the	
EndCap	ECL	test	
sta9on	

•  4	sectors	over	32	
monitored	to	
control	the	
condi9oning	
system	(T,	Rh)	

•  Up-9me	≈	2	year	
•  Data	available	via	
both	EPICS	and	
cloud	

EndCap	Sectors	7F	and	8F	uSOP	box	

Belle2	EndCap	Test	Sta9on	at	Fuji	Exp.	Hall,	KEK	
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*ECL	talk	from	C.	Cecchi		on	Wed			



The	T-Rh	Controller	board	(LTC2983)	

•  Dual	channel	architecture,	custom	designed		for	the		
endcap	readout	

•  each	controller	reads	out	two	forward	sectors	(3x	T,	1x	
Rh	probes	powered	by	uSOP)	with	galvanic	isola9on	

To
	u
SO

P	
(v
ia
	S
PI
)	
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T-Rh	Controller		
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Cycles	

•  We	have	programmed	the	on-chip	uP	to	perform	a	3-
cycle	measurement	and	processing	:	
–  (a)	Inject	current	in	Rsense	and	probe	ΔV	across	thermistor	
–  (b)	Set	the	current	to	obtain	ΔV	~1V	(best	ADC	performance,	
low	self-hea9ng)	

–  (c)	Invert	ΔV	polarity	and	take	a	second	measurement,	to	
cancel	parasi9c	thermocouple	effect	by	averaging	

(a)	
(b)	

(c)	 1V	

1V	

1V	

1V	
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Signal	Integrity	

•  3	Hz	read	out	speed	achievable	with	good	signal	integrity	
up	to	40m	cable	length	

•  Double	exponen9al	decays:	full	discharge	in	O(1s)	

40m	cable	15m	cable	

1,	15,	40m	cable	
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uSOP	@	BEAST	

•  BEAST2		(phase	1)	is	a	detector	that	has	taken	data	at	SuperKEKB	
Interac9on	Point,	to	study	beam	background	(see	P.	Lewiss	talk)	

•  uSOP	has	been	used	to		monitor	T	and	Rh	of	the	18	BEAST2	crystals	(LYSO,	
CsI,	CsI(Tl).	Data	available	via	EPICS	and	cloud	display	(Beebove)	

•  uSOP	used	also	to	monitor	upset	in	FPGA	exposed	to	beam	background	
(see	R.	Giordano	talk)	

15	

SuperKEKB	IP	

Belle2	

LER	&	HER	

T	(°C)	

Rh	(%)	

uSOP	minicrate	for	BEAST	

Tsukuba		Exp.	Hall,	KEK		-	Oct.2015	

BEAS
T	

Beebove	Dashboard	
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ECL	backward	installa9on	

Monitor	cables	

•  ECL	backward	
installed	in	
January	2017	

•  uSOP	
monitoring	
connected	
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uSOP	board	
wiring	scheme	

•  The	final	monitoring	system	has	
been	installed	at	KEK	during	
2016	

•  Forward	and	Backward	ECL:	
–  2112	CsI(Tl)	crystals,	32	sectors	
–  T	and	Rh	monitor,	128	analog	

channels	(96	thermistors	+	32	
Rh	probes)	

•  Features:	
–  3-wire	read-out	to	cancel	the	

40m	cable	stray	resistance	
–  Stray	thermocouple	effects	

cancella9on	
–  4	uSOP	boards,	8	T	controllers	

with		24	bit	ADCs	for	each	
endcap	

–  6U,	12HP	form	factor,	shielded	
–  Selec9ve	ground	scheme	to	

avoid	loops	
–  Read-out	and	controls	via	

network	

The	ECL	EndCap	monitoring	system		
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Experimental	Physics	and		
Industrial	Control	System	

•  EPICS	(hvp://www.aps.anl.gov/epics/)	is	a	set	of	Open	Source	so<ware	tools,	
libraries	and	applica9ons	developed	collabora9vely	and	used	worldwide	to	
create	distributed	so<	real-9me	control	systems	for	scien9fic	instruments	such	
as	a	par9cle	accelerators,	telescopes	and	other	large	scien9fic	experiments.	

•  On	uSOP:	
–  Straigh3orward	compila9on	on	ARM	
–  Variety	of	EPICS	extensions	available	on	board:	

•  ALH	(ALarm	Handler)	
•  PV	gateway	
•  Asyn	
•  StreamDevice	
•  Autosave	

–  IOCs	for:	
•  Linear	LTC2499	(I2C)	
•  Linear	LTC2983	(SPI	)		
•  Sitara	ADC	(parallel)	
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Displaying	variables			
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Grafana	metrics	dashboards	

T	

Rh	

fist	deriva9ve	over	one	week	



Conclusions	
•  uSOP	has	been	intensively	tested	at	KEK,	star9ng	from	Apr.	
2015	

•  Stable	and	reliable	LINUX	pla3orm,	with	up9me	≈	2	years	
•  Hardware	controllers	for	all	most	common	serial	busses	
•  Fully	(re)configurable	and	managed	remotely	(from	brick	to	
fully	func9onal)	

•  Designed	to	work	as	a	stand-alone	unit,	yet	easy	to	deploy	
in	complex	control	infrastructures	

•  EPICS	compliant,	IOCs	developed	for	all	the	needed	DAQ	
units	
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BACKUP	
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Cortex	A	Cores	(32bit)	
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Beaglebone	Black	
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AM5728	
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Beagleboard	X15	
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3-WIRE	READOUT		


