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1. Introduction	
	

This	document	will	provide	an	overview	of	the	manner	in	which	Hyperion	instruments	are	calibrated,	the	the	types	of	components	
and	instruments	that	are	used	for	that	calibration,	and	the	path	to	traceability	for	each	of	the	measured	parameters.	 	

	
1.1. Calibrated	Parameters	

	
As	a	family	of	optical	sensor	interrogation	products,	the	HYPERION	series	of	interrogators	are	primarily	concerned	with	making	
accurate	and	repeatable	measurements	of	optical	wavelength.		As	such,	most	of	the	content	of	this	technical	note	will	center	
around	the	characterization	and	quantification	of	optical	wavelength	measurements.		Although	not	a	primary	measure	of	the	
instrumentation,	optical	power	and/or	loss	are	often	instrumenting	in	setting	up	a	stable	optical	sensors	measurement.		As	such,	
calibration	and	traceability	of	these	parameters	is	also	briefly	addressed.	
	

1.2. Scope	
	
	
These	principles	and	methods	described	in	this	document	are	applicable	to	all	instruments	within	the	x55	product	family,	
including	si155,	si255	and	si255	EV	models.		In	basic	principles,	these	methods	also	apply	to	historical	x25	and	optical	interrogator	
products	as	well.	

	
2. Levels	of	standardsa	and	traceability	chart	

	
The	principles	of	traceability	to	nationally	or	internationally	recognized	standards	require	the	following	elements:	

	
1. a	continuous	series	of	comparisons	from	the	desired	functional	measurement	all	the	way	back	to	recognized	standards	
2. corresponding	calculations	of	aggregate	measurements	uncertainties	accompanied	by	each	of	those	comparisons	
3. a	documentation	path	to	certify	each	of	those	comparisons	and	associated	uncertainties	
4. evidence	that	valid	methods	were	respected	at	each	chain	of	measurement	by	competent	parties,	referencing	SI	units	

were	available	
5. 	definition	and	respect	for	calibrating	timing	intervals	for	each	measurements	link	on	the	calibration	chain.	

	
In	the	case	of	the	Hyperion	interrogators,	the	chain	of	calibration	for	wavelength,	power,	and	attenuation	are	respected	as	is	
shown	in	the	following	chart:	
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In	the	specific	case	for	wavelength	measurements	of	a	Hyperion	interrogator,	these	levels	are	represented	as	follows:	
	

i. National	Standards	Laboratory:		SRM2519	and	the	pressure	shift	addendum.			
This	is	how	we	know	for	sure	that	HCN	is	“right”.	

ii. Inter-Laboratory	Primary	Standards:	Vendor	supplied	HCN	cell	and	reference	(commercial	implementation	of	item	I).		
Calculated	uncertainty	and	offset	from	pressure	provided	by	the	vendors	

iii. Production	Primary	and	Secondary	Standards:	expansion	of	HCN	accuracy	across	broader	wavelength	range	and	over	
alternate	spectral	shapes,	as	to	be	applied	to	Hyperion	instrument.		Accuracy	“conferred”	to	AFPI	and/or	FBG	as	makes	
sense	for	use	

iv. Field/Remote	Primary	and	Secondary	Standards:		calibrated	directly	to	both	primary	and	secondary	reference	artifacts.	
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3. Traceability	through	documentation	
	

In	the	case	of	the	Hyperion	Optical	Sensing	Interrogators,	traceability	of	measurement	is	affirmed	through	the	following	steps	
(shown	in	reverse	order	relative	to	the	chart	of	the	pervious	section:	

	
3.1. Field/Remote	Certifications	and/or	Production	standards	(iii	and	iv)	

	
Here,	calibration	of	the	interrogator	is	performed	by	comparison	to	a	certified	Hyperion	Calibration	artifact,	which	is	comprised	of	
both	Primary	and	Secondary	wavelength	standards.		Evidence	of	this	calibration	and	a	traceability	path	to	the	Primary	and	
Secondary	production	standards	is	shown	in	the	Instrument	Certification	of	Calibration,	as	shown	below.	

	
	 	 	

	 	 	



Technical	Note	1447|	HYPERION	CALIBRATION	AND	TRACEABILITY	

	 	 	 	 	 	 	 	 	 	 	 	 © Micron	Optics,	Inc.	2016		 	 																				Revision	2016.03.01																		6	

The	Field/Production	calibration	artifacts	are	then	themselves	shown	through	a	Certificate	of	Calibration	to	be	traceable	to	
(first)	Inter-Laboratory	Primary	Standards	with	all	associated	calculations	of	uncertaintly,	as	follows:	

	

	 		 	
	 	



Technical	Note	1447|	HYPERION	CALIBRATION	AND	TRACEABILITY	

	 	 	 	 	 	 	 	 	 	 	 	 © Micron	Optics,	Inc.	2016		 	 																				Revision	2016.03.01																		7	

3.2. Inter-Laboratory	Primary	Standards	(ii)	
	

Having	established	a	path	for	both	interrogator	can	calibration	artifact	to	Inter-Laboratory	standards,	it	is	then	necessary	to	
establish	traceability	from	that	standard	back	to	an	a	nationally	or	internationally	recognized	standards.		In	the	case	of	the	HCN	
reference	cells,	this	assurance	comes	in	two	forms	from	the	vendor.		The	first	of	which	is	a	production	Certificate	of	Compliance	
that	the	correct	gas	cell	species	was	used	in	the	production	of	the	cell	and	that	the	measured	pressure	of	that	cell	ensures	
absorption	behavior	according	to	certified	characteristics	defined	by	the	national	laboratory	(NIST	in	this	case).	

	
Manufacturer	certifies	gas	species	and	pressure	 	 Manufacturer	certifies	traceability	to	NIST	

	 	 	
	
	

3.3. National	Standards	Laboratory	(i)	
	

Lastly,	the	theory	of	operation	and	assurance	of	absolute	accuracy	of	the	standard	reference	material	(SRM)	can	be	confirmed	
through	reading	the	primary	certification	documents	from	NIST,	addressing	all	fundamental	uncertainties	of	the	measurements	
(including	pressure,	for	which	the	Inter-office	standards	are	certified	and	carry	additional	uncertainty)	and	defending	the	
“indefinite”	nature	of	calibration	assurance	from	HCN	as	a	primary	reference	material	(SRM).	

	
NIST	certifies	gas	species	as	primary	SRM						NIST	characterizes	pressure	uncertainty					NIST	certifies	calibration	as	“indefinite”	
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4. Hyperion	Interrogator	specification	definitions	and	test	methodology	
	

Micron	Optics	applies	the	following	definitions	and	test	methodologies	to	performance	specifications	on	its	optical	sensing	
interrogators.	

	
 Wavelength	Accuracy	

	
Defined	as	“accuracy	of	measurement”,	per	NIST	Technical	Note	1297,	1994	Edition,	Section	D.1.1.1,	the	“closeness	of	the	
agreement	between	the	result	of	a	measurement	and	the	value	of	the	measurand.”	
	
Accuracy	is	here	reported	as	the	standard	uncertainty	of	the	distribution	of	measurements	made	over	the	course	several	
minutes,	relative	to	the	NIST	Standard	Reference	Material	2519,	as	described	in	NIST	Special	Publication	260-137.		Of	the	HCN	
lines	characterized	by	NIST,	those	used	in	the	qualification	of	MOI	spectral	interrogators	are	the	21	lines	certified	by	NIST	(or	
a	subset	thereof)	with	an	expanded	uncertainty	(coverage	factor	k=2)	of	+/-0.0006nm.	
	
To	be	consistent	with	the	sensing	and	telecom	industries’	expectation	of	low	distribution	and	low	systematic	error	of	
wavelength	measurements,	MOI	enhances	its	definition	of	wavelength	accuracy	to	a	more	stringent	definition	that	includes	a	
component	of	“systematic	error”,	defined	in	NIST	Technical	Note	1297,	Section	D.1.1.6.			Here,	“systematic	error”	is	defined	
as	the	“mean	that	would	result	from	an	infinite	number	of	the	same	measurand	carried	out	under	repeatability	conditions	
minus	the	value	of	the	measurand.”		Here,	again	the	measurand	is	NIST	SRM	2519.	
	
In	total,	the	wavelength	accuracy	reported	for	MOI	spectral	interrogators	is	the	absolute	value	of	the	“systematic	error”	plus	
the	standard	uncertainty	of	the	“accuracy	of	measurement,”	or	|µ|	+	σ	of	the	series	of	wavelength	measurements	made	on	
the	atomic	absorption	NIST	Standard	Reference	Material	2517.		In	order	to	eliminate	stability	effects	of	peak	detection	which	
might	influence	the	accuracy	measurement,	averaging	of	the	spectrum	prior	to	peak	detection	is	performed.	
	
In	addition	to	the	measurements	made	relative	to	the	atomic	absorption	references,	measurements	are	made	on	Fabry-Perot	
artifacts	which	provide	spectral	features	across	the	full	measurement	wavelength	range	of	the	Equipment	Under	Test	(EUT).		
The	Fabry-Perot	artifacts	are	characterized	using	a	method	similar	to	that	by	which	NIST	determines	absolute	wavelengths	for	
the	gas	absorption	SRMs	(see	NIST	Special	Publication	260-137.)		By	the	fundamentals	of	operation,	the	Fabry-Perot	elements	
exhibit	a	high	degree	of	linearity	in	the	frequency	domain,	limited	to	~1pm	by	chromatic	dispersion.		This	behavior	is	used	to	
ensure	frequency	measurement	linearity,	and	thus	relative	wavelength	accuracy,	outside	of	the	wavelength	ranges	that	can	
be	measured	using	the	NIST	SRMs.	
	

The	HCN	cell	operates	in	the	following	manner.		Either	broad	spectrum	or	swept	spectrum	light	is	introduced	to	the	input	
leg	of	the	device.		For	most	wavelengths,	light	propagates	through	the	device	with	little	coupling	or	transmission	loss	and	
emerges	from	the	output	leg	unmodified.		Certain	specific	wavelengths	of	light	excite	rotational-vibrational	modes	of	the	
HCN	gas,	thereby	converting	the	optical	energy	to	thermal	energy.		This	heat	is	dissipated	and	results	in	an	optical	“loss”	
at	very	specific	wavelengths.		These	wavelengths	are	highly	insensitive	to	temperature	and	are	determined	by	the	atomic	
properties	of	the	gas	to	be	consistent	from	sample	to	sample.		The	widths	of	the	atomic	absorption	lines	are	sensitive	to	
pressure	but	the	center	wavelengths	of	those	lines	are	not.	The	HCN	cells	used	by	Micron	Optics	for	the	calibration	and	
test	of	the	optical	sensor	interrogators	are	well	specified	for	gas	cell	pressure,	and	a	set	of	matched	null	detection	
coefficients	are	used	to	ensure	consistent	and	accuracy	determination	of	the	measured	gas	cell	peaks.	

	
	

 Repeatability	
	

Defined	as	“Repeatability	(of	results	of	measurements)”,	per	NIST	Technical	Note	1297,	Section	D.1.1.2,	the	“closeness	of	the	
agreement	between	the	results	of	successive	measurements	of	the	same	measurand	carried	out	under	the	same	conditions	
of	measurement,”	called	“repeatability	conditions.”			
	
“Repeatability	conditions”	include	using	the	same	measurement	procedure,	the	same	observer,	the	same	measuring	
instrument	used	under	the	same	conditions	(constant	temperature),	the	same	location,	and	repetition	over	a	short	period	of	
time.	
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In	the	interest	of	making	such	measurements	most	applicable	to	the	users	of	MOI	products,	the	test	artifact	selected	for	the	
repeatability	test	is	representative	of	a	typical	sensor	which	might	be	used,	of	bandwidth	~0.1nm,	high	reflectivity.		Repeated	
measurements	are	made	on	the	artifact	by	the	EUT	over	the	course	of	minutes,	and	the	standard	uncertainty	(1	σ	
distribution)	of	the	resulting	measurements	is	reported	as	the	Repeatability.	
	
In	order	to	address	multiple	likely	applications,	the	repeatability	may	be	reported	at	multiple	data	rates	or	averaging	
conditions	(e.g.	@	250	Hz	with	no	averaging,	or	at	10Hz	with	25	averages	per	data	point.)	
	

 Stability	
	
In	order	to	enhance	the	utility	of	the	accuracy	and	repeatability	specifications,	a	specification	called	stability	has	been	added.		
The	stability	specification	captures	effects	of	operating	temperature	and	longer	term	testing	of	the	EUT,	involving	a	minimum	
of	one	thermal	cycle	over	the	operating	temperature	of	the	device.			
	
The	measurement	for	stability	involves	capturing	data	on	an	artifact	of	sufficient	stability	with	optical	features	that	cover	the	
full	measurement	wavelength	range	of	the	EUT,	such	as	a	Fabry-Perot	etalon.		The	agreement	between	successive	
measurements	is	recorded	over	wavelength,	time,	and	temperature.		The	resulting	1	σ	distribution	is	calculated	and	reported	
as	the	stability	of	the	EUT.	
	
In	the	measurements	and	calculations	used	for	computing	the	stability	parameter,	no	data	averaging	is	employed.	
	

In	the	AFPI	design,	the	two	mirrored	sections	are	separated	by	a	special	glass	material	that	is	engineered	to	have	very	little	
mechanical	expansion	with	changes	in	ambient	temperature	(low	CTE).		This	mirror	and	low	CTE	spacer	assembly	is	
packaged	with	input	and	output	coupling	lenses	into	a	hermetically	sealed	package	that	maintains	a	constant	pressure	
and	gas	constituency	in	the	cavity.		With	no	significant	thermal	expansion	or	change	in	gas	pressure	the	resonant	
frequencies	of	the	devices	are	very	stable.	
	
The	Fabry-Perot	artifacts	are	characterized	using	a	method	similar	to	that	by	which	NIST	determines	absolute	wavelengths	
for	the	gas	absorption	SRMs	(see	NIST	Special	Publication	260-137.)		By	the	fundamentals	of	operation,	the	Fabry-Perot	
elements	exhibit	a	high	degree	of	linearity	in	the	frequency	domain,	limited	to	~1pm	by	chromatic	dispersion.		The	AFPI	
reference	frequency	is	qualified	to	have	stability	of	+/-	5pm	or	over	the	operating	temperatures	of	0	to	70	degrees	C.		With	
such	an	absolute	reference	frequency	stability,	the	stability	of	the	FSR	is	~2000	times	greater	for	an	AFPI	of	FSR	~100GHz	
(FSR*mode	#	=	peak	frequency;	100GHz	*	1940	=	194THz	=	1545nm).		As	such,	the	AFPI	acts	as	a	highly	precise	relative	
wavelength	reference	and	is	used	in	combination	with	the	NIST	traceable	HCN	cell	to	provide	a	full	wavelength	range	
referencing	system.	
	
Though	the	AFPI	test	artifacts	have	been	designed,	built	and	qualified	to	Telcordia	FR-2883	standards	and	are	expected	to	
have	a	minimum	20	year	operational	lifetime,	they	are	not	themselves	a	directly	NIST	traceable	wavelength	reference.		
However,	the	following	process	allows	Micron	Optics	to	extend	the	traceability	of	the	NIST	cell	to	the	AFPI	component	for	
use	as	a	secondary	reference.	

	
MOI	has	a	designated	“master”	sm125	module	that	is	responsible	for	calibration	of	all	of	the	AFPI	test	artifacts	used	in	the	
manufacturing	and	FFT	processes.		This	unit	is	itself	subject	to	a	scheduled	recalibration.		Every	four	weeks,	the	master	
module	(with	internal	NIST-traceable	Acetylene	atomic	absorption	gas	cell)	is	recalibrated	to	an	external	NIST	traceable	
HCN	cell.		This	process	re-affirms	that	the	internal	gas	cell	and	calibration	parameters	are	correct	for	this	master	module.			

	
Once	calibration	is	confirmed	against	both	internal	and	external	NIST	cell	or	the	master	module,	the	AFPI	test	artifacts	can	
be	scanned	by	the	master	module	and	reference	peak	wavelengths	recorded.		The	new	set	of	reference	peaks	for	the	AFPI	
reference	is	compared	against	the	previously	recorded	set	of	AFPI	peak	values	from	the	previous	scheduled	AFPI	reference	
certification	(performed	internally	every	two	weeks).		A	comparison	between	the	“new”	values	and	the	“old”	values	is	
made,	and	all	measured	reference	peaks	must	agree	within	a	1.5	pm	maximum	across	the	full	wavelength	range.		This	1.5	
pm	limit	includes	any	changes	that	result	from	AFPI	drift,	master	module	calibration	differences,	and	any	peak	detection	
algorithm	induced	offsets.	

	
If	the	new	traces	agree	with	the	old	traces	within	1.5	pm,	then	the	AFPI	reference	is	considered	to	be	stable	and	is	re-
introduced	into	the	manufacturing	process	with	an	update	“expiration	date”	(of	two	weeks)	past	the	calibration.		If	the	
device	does	NOT	agree	with	the	previous	measurements,	then	an	investigation	of	that	reference	is	opened,	typically	
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comparing	the	results	of	other	AFPI	recalibrations.		If	failed	AFPI	is	alone	in	its	failure,	it	is	concluded	that	the	reference	is	
instable	and	is	removed	from	the	AFPI	reference	“pool”.		If	multiple	references	fail	the	recalibration,	it	is	indicative	of	a	
process	error	involving	the	master	sm125	NIST	traceable	calibration.		(NOTE:	there	has	not	been	to	date	a	multiple	
AFPI/calibration	process	failure).	

	
Thus,	the	combination	of	NIST	traceable	sm125	calibrations	with	AFPI	stability	requirements	ensures	that	the	AFPI	
reference	population	provides	a	stable	and	reliable	collection	of	full	wavelength	reference	artifacts	with	a	traceability	path	
to	a	primary	NIST	traceable	standard.		However,	although	the	references	are	assured	measurements	stability	within	1.5	
pm,	the	AFPI	references	themselves	are	NEVER	used	to	determine	the	“absolute”	wavelength	performance	of	any	Micron	
Optics	interrogator.		Absolute	wavelength	measurements	are	exclusively	performed	on	NIST	traceably	HCN	reference	cells.		
The	stability	of	the	AFPI	modules	do	however	allow	for	convenient	wavelength	linearity	and	stability	measurements	during	
the	FFT	and	Burn-in	processes,	respectively.	
	

 Resolution	
	
	 	 	 To	be	derived	by	user	for	specific	applications	based	upon	stability	and	repeatability	specifications.	
	

 Reproducibility	
	
Defined	as	“reproducibility	(of	measurement	results)”,	per	NIST	Technical	Note	1297,	Section	D.1.1.3,	the	“closeness	of	
agreement	between	the	results	of	measurements	of	the	same	measurand	carried	out	under	changed	conditions	of	
measurement.”	
	
Here,	the	“changed	conditions”	include	a	different	observer,	measurement	instrument,	or	time.		In	principle,	this	
specification	is	intended	to	ensure	that	a	given	measurand	could	be	measured	by	multiple	MOI	spectral	interrogators	
using	the	same	data	analysis	tools	at	different	times	and	by	different	users,	and	achieve	measurement	results	that	are	
consistent	within	the	reproducibility	specification.	
	
In	order	to	quantify	the	reproducibility	of	measurements	from	a	particular	class	of	instruments,	a	complete	wavelength	
accuracy	analysis	is	made	on	each,	and	a	mean	“error	of	measurement”	is	calculated.		This	“error	of	measurement”	is	
defined	by	NIST	Technical	Note	1297,	Section	D1.1.4,	the	error	(of	measurement)”,	and	is	measured	relative	to	NIST	SRM	
2519.		The	reproducibility	is	then	defined	as	the	standard	deviation	of	the	set	of	“error”	measurements	across	a	sample	of	
measured	instruments.		

	


