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CARLOS R. OLARTE, mayor de edad y vecino de Bogot4, identificado tal como aparece al pie
de mi firma, en mi caracter de apoderado de la sociedad solicitante, me permito manifestar lo

siguiente ante ¢l auto emanado por ese Despacho, dentro del plazo legal de prorroga previsto en

el articulo 45 de la Decision 486, en los siguientes términos:

1. En primer lugar, con el animo de brindar mayor claridad a la materia reivindicada, me

permito presentar un Capitulo Reivindicatorio Modificado, que reemplaza en su totalidad el

Capitulo Reivindicatorio presentado al momento de radicar la respuesta al primer examen de

fondo. Asi entonces, el Capitulo Reivindicatorio Modificado adjunto contiene los siguientes

cambios:

- se climina la expresion “en una proporcion entre 1:1 y 20:1 en peso” de las

Reivindicaciones 1 y 2;

- en las Reivindicaciones 10 y 13 se ha trasladado del preambulo a la parte

caracterizadora, la siguiente expresion: “que comprende una composicion que
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comprende una combinacion de dos o mds tipos de particulas de materiales oxidos
inorganicos, donde cada uno de los dos o mas tipos de particulas presenta diferente
tamano y/o morfologia, donde el tamario medio esta comprendido entre | nm y 50
um, y donde la variacion en la distribucion del tamario de particula es inferior a un
20 % del tamarnio medio de particula, y donde los materiales oxidos inorganicos
contienen propiedades de adsorcion de ondas de RF segun estan descritos en

cualquiera de las reivindicaciones 1 a 76",

Valga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad
con lo estipulado en el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican
una ampliacién de la proteccion correspondiente a la divulgacion contenida en la solicitud

inicial. Por el contrario, éstas corresponden a una drastica limitacion de la materia reivindicada.
2. a- La Examinadora objeta la claridad de las reivindicaciones de la siguiente manera:

1) Las reivindicaciones 1 y 2 divulgan una composicion que incluye “...una
proporcion entre 1:1 y 20:1 en peso...”, lo no se podria aplicar al caso pues la composicion

comprenderia mas de dos tipos de particulas, por lo que no es claro.

i) Las reivindicaciones 1 a 4, 10, mencionan términos imprecisos y/o
relativos como: “dos o mas”, “al menos”, “uno o mas”, ya que dichos términos no permiten
establecer un intervalo puntual para cada una de las caracteristicas técnicas, no siendo estas

precisas y por lo tanto no claras.

i)  La Examinadora objeta las reivindicaciones 1 a 6 por considerar que los

siguientes términos son imprecisos por ser de caracter general:

- “materiales éxidos inorganicos™ en las reivindicaciones 1,2, 5y 6;
—  “misma composicion quimica” en la reivindicacion 3;

—  “frecuencias concretas” en la reivindicacion 4;

—  “metales de transicion” en la reivindicacion 2; y

- “elemento lantanido” en las reivindicaciones 1 y 2.

La Examinadora solicita, por tanto, eliminar estos términos y sustituirlos por otros més

concretos.
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iv)  La Examinadora mantiene su objecion a las Reivindicaciones 1 y 10
debido a que la composicion presenta “propiedades de absorcion de ondas de radiofrecuencia” y
“al menos dos bandas de absorcion de radiofrecuencia a frecuencias concretas”. Segun la
Examinadora, esto no son caracteristicas técnicas de la invencion, sino el efecto que se espera

conseguir con la composicion de la invencion, por lo que no las tiene en cuenta como objeto de

estudio.

V) La Examinadora mantiene su objecion a la Reivindicacion 10, dirigida al
método para determinar la autenticidad del articulo, documento o elemento de seguridad, por
estar definido respecto a la composicion a medir y no respecto a la serie de etapas que lo
componen. De igual manera, la Examinadora considera que dicha reivindicaciéon presenta
caracteristicas funcionales, que si bien pueden ser parte de las reivindicaciones, su funcion es

brindar mayor comprension de la materia revindicada, por lo cual no le pueden dar novedad o

nivel inventivo a la invencion.

Vi) La Examinadora mantiene su objecion sobre la Reivindicacion 10 por
presentar una falsa dependencia de las reivindicaciones 2 a 9. La Examinadora argumenta que
no es posible que una reivindicacion se refiera a otra sin que dependa de ella, por cuanto las
reivindicaciones dependientes con particularidades de las independientes. Lo anterior, por cuanto
es posible su redaccion sin incurrir en falta de unidad de invencion. La Examinadora sugiere

modificar la Reivindicacion 10 haciéndola independiente de tal manera que haya unidad de

invencion,

vii)  Las Reivindicaciones 10 y 13 presentan mas de un enlace gramatical, lo
que no deja claro cudl es el objeto caracterizante que pretende proteger, pues segun la
Examinadora, la estructura de una reivindicacion esta compuesta por un preambulo, un enlace
gramatical y la parte caracterizante, donde el enlace gramatical puede ser del tipo “caracterizado

por”, “que comprende”, “que consiste en”. La Examinadora sugiere restringir el numero de

enlaces para brindar mayor claridad a la reivindicacion.

b- Con el dnimo de facilitar el tramite de la solicitud, me permito llamar la atencion
de la Examinadora sobre las modificaciones realizadas en el Capitulo Reivindicatorio
Modificado adjunto, tal y como lo mencioné en el numeral 1 del presente memorial. En relacién

con las objeciones de claridad, me permito sefialar lo siguiente:
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1) Se ha eliminado la expresion “...y en una proporcion entre 1:1 y 20:1 en
peso...” de las reivindicaciones objetadas. Sin embargo, me permito sefialar a la Examinadora
que la proporcion entre ambos componentes no es esencial para la invencion, sino que lo
esencial es la presencia de dos o mas tipos de particulas (presente en las Reivindicaciones 1 y 2),
tal y como reconoce la propia Examinadora en la seccion 3 del presente Examen de Fondo sobre

la unidad de invencidn, independientemente de la proporcion entre ellos.

i) En relacion con el término “al menos ™ considero que se trata de un error,
ya que dicho término fue substituido por los términos “dos o mas” y “uno o mas” como
respuesta al primer Examen de Fondo por lo que dicho término no esta presente en el capitulo

reivindicatorio bajo examen.

Respecto al término “dos o mas™ o “uno o mas”, me permito senalar que dichas expresiones o
similares, establecen un alcance perfectamente entendible para cualquier persona medianamente

versada en la materia, puesto que indica inequivocamente la cantidad minima necesaria de

elementos que deben estar presentes en la invencion reclamada. El uso de estos términos y otros
analogos que indican la posibilidad de obtener la invencion en diversas modalidades, es una
practica aceptada a nivel mundial en el ambito de las patentes, ya que como la Examinadora debe

saberlo, una patente de invenciéon no se limita a una unica modalidad, si no que cubre un

concepto inventivo global que abarca diferentes modalidades (diversas materializaciones de la
invencion) ligadas por un efecto técnico comun que finalmente delimita el alcance de la
invencion. Por lo tanto, no deberia existir problema alguno en el uso de las expresiones “uno o
més” o “dos o mas”, pues es perfectamente entendible por cualquier persona medianamente
versada en la materia, de tal manera que a la luz del Capitulo Descriptivo, es perfectamente claro

el alcance y los limites de la proteccion solicitada.

Adicionalmente, me permito sefialar a la Examinadora que la invencion funciona siempre y
cuando se incorporen en el documento de seguridad “dos o mds tipos de particulas de materiales
oxidos inorganicos” con las caracteristicas y limitaciones mencionadas en las citadas
reivindicaciones, tal y como reconoce la propia Examinadora en la seccion 3 del presente
Examen de Fondo (unidad de invencion). Me permito resaltar a la Examinadora que el inventor
tiene el derecho legitimo a ampliar el ambito de proteccion, sin tener que limitar a un nimero
especifico de tipos de materiales 6xidos inorgéanicos, dado que la invencion también funcionaria
con mas de dos tipos de materiales 6xidos inorganicos puesto que, a partir de dicho nimero,
siempre habria asociada una variacion en las propiedades de absorcion de cada particula fuera de

la combinacion y que permite aumentar la fiabilidad de los sistemas de seguridad asi como
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dificultar la identificacion del sistema de seguridad por parte de falsificadores (pagina 3, lineas

25-31, y pagina 4, lineas 1-8).

ii1)  En relacion con los términos supuestamente imprecisos por ser de caracter
general, me permito senalar que aun sin entender el fundamento de la Examinadora, la objecion

es excesiva.

A partir de la lectura de las reivindicaciones, se entiende que el ambito de proteccion
reivindicado no se dirige de manera general a cualquier material 6xido inorganico, metal de

transicion o elemento lantanido, sino a aquellas combinaciones con las caracteristicas v

limitaciones mencionadas en las citadas reivindicaciones, es decir:

- dos o més tipos de particulas de materiales 0xidos inorganicos;

— donde cada uno de los dos 0 mas tipos de particulas presenta diferente

tamano y/o morfologia;
— donde el tamano medio esta comprendido entre | nm y 50 um;

— donde la variacion en la distribucion del tamafio de particula es inferior a

un 20 % del tamafio medio de particula;

— donde los materiales 6xidos inorganicos contienen uno o mas metales de

transicion o elementos lantanidos;
— con propiedades de absorcion de ondas de RF,;

—  con estructura cristalina; y

- con estructura de tipo wurtzita, espinela, ferrita, granate o perovskita.

Respecto al término “misma composicion quimica”, me permito sefialar de nuevo que como
respuesta al primer Examen de Fondo, el experto versado en la materia sabria determinar
claramente si los distintos tipos de particulas que forman la composicién tienen o no la misma
composicion quimica. Sin embargo, parece ser que la Examinadora no ha tenido en cuenta mis
argumentos, y por lo tanto me permito insistir que el término objetado es bien conocido en el
estado de la técnica y que el experto versado en la materia sabria claramente que el término
objetado hace referencia a la composicion quimica de cada tipo de particula dentro de la
composicion y que por tanto sabria determinar claramente si los distintos tipos de particulas que
forman la combinacion tienen o no la misma composicion quimica. Por ejemplo, el experto
versado en la materia sabria claramente que en la combinacion de particulas en el ejemplo 1 de la

presente solicitud que consiste en particulas de LagsSry3MnOs.s y particulas de
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Lag 7Srp 3Mng gCop 20325 no tendrian la misma composicion quimica mientras que la combinacion
de particulas en el ejemplo 2 de la presente solicitud que consiste en nanohilos de Fe;O4 y

nanohojas de Fe;Oj si tendrian la misma composicion quimica.

Respecto a la objecion para el término ‘frecuencias concretas”, me permito sefalar a la
Examinadora que dicho término es perfectamente claro en el sentido de que un experto versado
en la materia podria determinar sin lugar a dudas su ambito de proteccion, es decir, el hecho de
que una composicion absorba ondas de RF implica que debe tener unas determinadas
caracteristicas estructurales que no es posible definir de forma precisa de otra manera. Ademas,
la persona medianamente versada en la materia sabria o podria comprobar facilmente si los
materiales que forman esa composicion absorben o no ondas de RF. Por tanto, considero que el
alcance de proteccion de la Reivindicacion 4 si estd bien definido y cualquier persona
medianamente versada en la materia podria determinar sin lugar a dudas si una determinada

composicion cae o no dentro de su ambito de proteccion.

1v) Ahora bien, respecto a las expresiones “propiedades de absorcién de
ondas de radiofrecuencia” y “al menos dos bandas de absorcion de radiofrecuencia a
[recuencias concretas” en las Reivindicaciones 1 y 10, me permito sefialar que aparentemente la
Examinadora desatendid mis argumentos, pues como lo mencioné, el hecho de que una
composicion absorba ondas de RF implica que debe tener unas determinadas caracteristicas

estructurales que no son posibles definir de forma precisa de otra manera. Asi, la persona

medianamente versada en la materia sabria si un compuesto presenta esta propiedad o podria

comprobarlo claramente.

De acuerdo a lo anterior, y con el animo de explicar la esencia técnica de dichas caracteristicas,
la Solicitante aporta ahora argumentos y referencias bibliograficas para demostrar el hecho de

que un material absorba ondas de RF implica que debe tener unas determinadas caracteristicas

estructurales.

En particular la Solicitante desea sefialar a la Examinadora que es conocido en el campo de la
técnica que los materiales absorbentes de RF funcionan permitiendo que la onda de RF penetre
en una region donde los campos eléctricos y/o magnéticos experimentan pérdida, es decir,
aquellos materiales que presentan portadores electronicos con alta movilidad experimentan
pérdidas dieléctricas al absorber ondas de RF y transforman en calor dicha energia. Por ello, los
materiales en forma de dxidos inorganicos que son capaces de absorber ondas elecromagnéticas

en la region de RF estdn limitados por sus caracteristicas fisicas, en particular por la parte real de
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la constante dieléctrica o de la permeabilidad magnética. Por ejemplo, en los materiales con
elevado valor de la parte real de la constante dieléctrica £ o de la permeabilidad magnética u’, se
necesitan valores elevados de espesor (por ejemplo 25 mm de una ferrita) para producir la
absorcion (ver documento adjunto de Petrov er al.). Otra limitacion son los bajos valores de las
propiedades de permeabilidad de materiales en rangos altos de RF por ejemplo en microondas.
Recientemente se ha publicado la absorcion de ondas de RF en el rango de microondas mediante
materiales con nanoparticulas de tierras raras menores de 5 nm embebidas en matrices vitreas
debido a una alta repuesta magneto-dieléctrica, es decir, acoplamiento entre parte dieléctrica y
magnética (ver documento adjunto de Mukherjee ef al.). Sin embargo no hay informacion en el
estado de la técnica de que nanoparticulas aglomeradas de materiales dieléctricos y/o magnéticos

presenten absorcion de ondas electromagnéticas.

Por tanto, como se ha demostrado anteriormente, para que un material absorba ondas de RF
implica que debe tener unas determinadas caracteristicas estructurales y el experto versado en la

materia sabria si un compuesto presenta esta propiedad o podria comprobarlo claramente.

v) Considero superada la objecion a la Reivindicacion 10 sobre la supuesta
definicion del método por elementos distintos a etapas que lo componen, me permito recordar a
la Examinadora que como respuesta al primer Examen de Fondo, se incluyo las etapas concretas

de la Reivindicacion original 11 en la Reivindicacion 10.

En el presente caso, se ha modificado la Reivindicacion 10 moviendo el concepto comin
inventivo, es decir, “una composicion que comprende una combinacion de dos o mas tipos de
particulas de materiales oxidos inorganicos, donde cada uno de los dos o mas tipos de
particulas presenta diferente tamario y/o morfologia, donde el tamano medio esta comprendido
entre | nmy 50 um, y donde la variacion en la distribucion del tamano de particula es inferior a
un 20 % del tamarnio medio de particula, y donde los materiales oxidos inorganicos contienen
propiedades de adsorcion de ondas de RF segun estan descritos en cualquiera de las
reivindicaciones 1 a 76" del preambulo a la parte caracterizadora (ver capitulo reivindicatorio

modificado adjunto).

vi)  Me permito sefialar que a la vista de la objecion de la Examinadora, la
presente objecion sobre la falsa dependencia iria en contradiccion con la seccion 3 sobre la
unidad de invencion del presente memorial, donde la Examinadora si reconoce la unidad de
invencién de la Reivindicacién 10 con las Reivindicaciones 1 a 9. No obstante, considero

superada esta objecion en tanto las modificaciones realizadas al preambulo y parte caracterizante
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de la reivindicacion se modificaron como se explicd en el punto anterior (ver capitulo

reivindicatorio enmendado adjunto).

vii)  Considero superada la objecion a las Reivindicaciones 10 y 13 sobre el
numero de enlaces gramaticales, pues el Capitulo Reivindicatorio Modificado restringio dicho

numero de enlaces gramaticales (ver capitulo reivindicatorio enmendado adjunto).

vii)  Teniendo en cuenta todo lo anterior, considero respetuosamente que el
Capitulo Reivindicatorio Modificado adjunto cumple con los requisitos de claridad y concision
establecidos en la Decision 486, y a la luz del Manual Andino de Patentes (MAP) y el Instructivo
de la SIC, permitiéndole a la persona medianamente versada en la materia comprender

inequivocamente el alcance de la materia reclamada.

3 a- La Examinadora insiste en que la solicitud no cumple con el requisito de unidad

de invencion, puesto que comprende dos grupos de invenciones, a saber:

- Grupo I: Reivindicaciones 1 a 12, dirigidas a la composicion, articulo,
documento o elemento de seguridad y método para determinar la
autenticidad de un documento, articulo o elemento de seguridad;

- Grupo II: Reivindicacion 13, dirigida a un aparato para determinar la

autenticidad de un documento, articulo o elemento de seguridad.

La Examinadora argumenta que la Reivindicacion 13 no presenta conceptos que sean comunes

con la composicion o los elementos de seguridad, por tanto persiste la falta de unidad de

invencion.

b- En este punto, me permito recordar a la Examinadora que el aparato de la
Reivindicacion 13 esta especialmente disefiado para determinar la autenticidad del articulo,
documento o elemento de seguridad que comprenden la composicion reclamada en las
Reivindicaciones 2 a 9. Asi, el concepto comin inventivo residiria, por tanto, en dichos

articulos, documentos o elementos de seguridad.

Sin embargo, en el presente Examen de Fondo, la Examinadora discrepa y sefiala que en su

opinién que el concepto comun inventivo es la “composicién que comprende la combinacion de

dos o mas tipos de particulas de materiales 6xidos inorganicos, donde cada uno de los dos 0 mas

tipos de particulas presenta diferente tamafio y/o morfologia®. La Examinadora sefiala que el
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concepto comun inventivo no se encuentra como caracteristica técnica esencial en las

Reivindicacion 13.

En este sentido, difiero de la opinion de la Examinadora dado que el aparato de la Reivindicacion
13 esta especialmente disenado para determinar la autenticidad del articulo, documento o
elemento de seguridad que comprenden la composicion a la que hacen referencia las
Reivindicaciones 1 a 9, al igual que el método para determinar la autenticidad de los mismos

(Reivindicaciones originales 10 a 12) de la que si se reconoce la unidad de invencion.

No obstante, y a la vista de la objecion de la Examinadora, la Reivindicacion 13 ha sido
modificada de tal manera que incluye el concepto comun inventivo en la parte caracterizadora de
la reivindicacion (“composicion que comprende la combinacion de dos o mas tipos de particulas
de materiales oxidos inorganicos, donde cada uno de los dos o mas tipos de particulas presenta
diferente tamario y/o morfologia, donde el tamano medio estd comprendido entre | nm y 50 um,
v donde la variacion en la distribucion del tamario de particula es inferior a un 20 % del tamario
medio de particula, y donde los materiales oxidos inorgdnicos contienen propiedades de
adsorcion de ondas de RF segun estan descritos en cualquiera de las reivindicaciones | a 76"

(ver capitulo reivindicatorio modificado adjunto).

Por tanto, la Examinadora debe conceder que existe unidad de invencion segun el Articulo 25 de
la Decision 486.

4, a- La Examinadora considera que el documento US 2011/0018252 (D1) afecta la
novedad de las Reivindicaciones 1 a 9. En particular, la Examinadora considera que la
Reivindicacion 1 dirigida a la composicion no cumple con el requisito de novedad frente a D1,
Asi mismo, la Examinadora considera que la Reivindicacion 2, dirigida al articulo, documento o

clemento de seguridad tampoco cumple con el requisito de novedad frente a D1.

b- En el presente Examen, la Examinadora mantiene que las Reivindicaciones 1 a 4 y

6 a 9 no cumplen con el requisito de novedad frente a D1.

Me permito recordarle a la Examinadora que D1 se refiere a un pigmento de seguridad que tiene
un clemento de seguridad consistente en una matriz inorganica transparente y al menos un
material particulado embebido en la matriz. Como matriz inorganica transparente se mencionan,
entre otros, dioxido de titanio y/o didxido de titanio hidratado. Como material particulado se

mencionan materiales que absorben, reflejan y/o emiten bajo la influencia de radiacion
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electromagnética. De forma particular, se hace referencia, por ejemplo, a didéxido de titanio,
6xido de zinc, oxidos de hierro, 6xido de cromo, CoAl,O4, ZnCO,0s, la espinela (Co,Cr)Al,04 0
mezclas de dos o méas de ellos. También se mencionan oxisulfuros de lantanidos o mezclas de

dos o mas de ellos.

De acuerdo a lo anterior, me permito recordar a la Examinadora que D1 no menciona si las
particulas de dioxido de titanio y de didxido de titanio hidratado presentan o no propiedades de
absorcion de ondas de RF. DI tampoco menciona si los materiales particulados descritos
presentan o no propiedades de absorcion de ondas de RF. Tan solo se describe que tienen un
color visible bajo la influencia de radiacion de al menos una region del espectro
electromagnético y, de forma especifica, bajo la influencia de radiacion visible, infrarroja y/o
ultravioleta. Sin embargo, la Examinadora no ha aceptado los argumentos presentados ya que
considera que las propiedades de absorcion de ondas de RF no son caracteristicas técnicas
esenciales de la invencion, sino el efecto que se espera conseguir con la composicion de la

invencion.

De acuerdo a lo anterior, me permito sefialar respetuosamente, que discrepo de la opinion de la
Examinadora y solicito reconsideracion en base a los argumentos y referencias bibliograficas
presentados anteriormente (seccion 4 del Examen de Fondo; objecion sobre las reivindicaciones
1 y 10) y que demuestran que es conocido en el campo de la técnica que para que un material
absorba ondas de RF implica que debe tener unas determinadas caracteristicas estructurales que

no son posibles definir de forma precisa de otra manera.

Por tanto, las propiedades de absorcion de ondas de RF son caracteristicas técnicas

estructurales v esenciales de la invencién v no el efecto_que se espera conseguir con la

composicion de la invencion.

Por tanto, las reivindicaciones 1-4 y 6-9 si cumplirian con el requisito de novedad a la vista de
DI.

5, a- La Examinadora argumenta que D1 junto con el documento US 2007/0005367

(D2) afectan el nivel inventivo de las Reivindicaciones 10 a 12,

La SIC sostiene que los documentos D1 y D2 se consideran el estado de la técnica cercano a la

invencion definida en la reivindicacion 10 porque divulga un método para determinar la

autenticidad de un documento, articulo.
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Especificamente, la Examinadora considera la diferencia entre la invencion, definida en la
reivindicacion 10 y el método de D2 consiste en que este ultimo no hace mencion a que el
método sea para determinar la autenticidad de especificamente elementos, articulos o
documentos de seguridad, y en este sentido, asegura que no se evidencia un efecto téenico
inesperado con el hecho que el método para determinar la autenticidad sea para un elemento,
articulo o documento de seguridad, por cuando D2 ya habia solucionado el problema técnico al
divulgar sistemas y métodos para determinar certificados de autenticidad en la banda de
radiofrecuencia del espectro de radiacion electromagnética, el cual consisten en un agente de
dispersion que consta de uno o més materiales dispersos en un sustrato 3D o matriz para formar
una estructura fisica unica. En dicha estructura el agente de dispersion refleja y refracta las

ondas de radio, creando un patrén reproducible (parrafos 14 y 15).

Segun la Examinadora, el problema técnico consistiria en ;como modificar de forma alternativa
el método divulgado en D2?. Sin embargo, estos métodos ya eran conocidos en el estado del
arte, ya que D1 divulga un método para detectar la autenticidad de elementos de seguridad como
billetes, cheques, tarjetas bancarias o de crédito, tarjetas de cheques, titulos utilizando radiacion

electromagnética.

Por lo tanto, la Examinadora argumenta que una persona versada en la materia estaria motivada a
utilizar el método de D2 para determinar la autenticidad de elementos de seguridad como
billetes, cheques, tarjetas bancarias, divulgados en DI, para asi llegar a la invencion de la

Reivindicacion 10, concluyendo que la invencion reclamada no es inventiva.

Asi mismo, la Examinadora objeta el nivel inventivo de la Reivindicaciéon 11, ya que ensefia
pasos para determinar la absorcion de la radiacion de radiofrecuencia utilizado en la practica

habitual en el campo de radiaciones electromagnéticas.

La Examinadora considera que las Reivindicaciones 6 y 12 son afectadas con el conocimiento
del técnico, el cual en su conocimiento general sobre el estado de la técnica y realiza las
comparaciones con su apreciacion en conjunto, determinando que con tales conocimientos

existentes se llega a la invencion reivindicada.
b- En respuesta a lo anterior, la Examinadora mantiene también que la reivindicacion
5 no cumple con el requisito de actividad inventiva frente al documento D1 vy las

reivindicaciones 10-12 frente al documento US 2007/0005367 (D2).
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Dado que el solicitante considera todas las reivindicaciones del capitulo reivindicativo
enmendado nuevas, a continuacion se analiza la actividad inventiva de todas las reivindicaciones

siguiendo la aproximacion problema-solucion.

D1 se considera el documento mas cercano del estado de la técnica, dado que describe un

pigmento de seguridad que tiene un elemento de seguridad consistente en una matriz inorganica
transparente y al menos un material particulado embebido en la matriz. Segun el documento, este
pigmento se puede emplear para identificar o verificar la autenticidad de productos y se pueden
utilizar en la preparacion de productos o documentos de seguridad. Como material particulado se
mencionan materiales que absorben, reflejan y/o emiten bajo la influencia de radiacion
electromagnética, y, de forma especifica, bajo la influencia de radiacion visible, infrarroja y/o

ultravioleta.

Como hemos sefialado anteriormente, la diferencia entre la invencion reivindicada y D1 reside
en que la composicion del articulo, documento o elemento de seguridad de la invencion

comprende particulas que presentan propiedades de absorcion de ondas de radiofrecuencia.

El efecto técnico derivado de dicha diferencia técnica es un mayor poder de penetracién dentro

de los documentos de seguridad que otro tipo de radiaciones, tales como la radiacion UV o

radiacion IR.

Por lo tanto, a la vista del documento mas cercano del estado de la técnica, el problema técnico

objetivo es proporcionar una composicion alternativa para preparar o marcar un documento de

seguridad y que permita la deteccion de los marcadores:
- de forma mas precisa dentro de los documentos de seguridad;
- mediante un simple sistema de no-contacto; y

- hasta a varios metros de distancia.
DI no describe o sugiere el problema técnico a resolver, es decir, la provision de una
composicion alternativa que permita la deteccion de los marcadores de forma mas precisa dentro

de los documentos de seguridad sin necesitad de contacto, y a varios metros de distancia.

Ademas, a partir de DI, la persona medianamente versado en la materia, en busca de

composiciones que permita la deteccion de los marcadores de forma mas precisa dentro de los
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documentos de seguridad sin contacto y a varios metros de distancia, no habria considerado el
uso de la composicion de la invencion con propiedades de absorcion de radiofrecuencia ya que
estas propiedades particulares no se mencionan ni se sugieren en D1. De hecho, la luz visible,

radiacion UV o radiacion IR se mencionan como modos de deteccion en D1 (parrafo [0010] de

DI).

Por consiguiente, se afirma que las reivindicaciones | v 2 del capitulo reivindicatorio

enmendado, asi como las reivindicaciones 3 a 9 del capitulo reivindicatorio enmendado

dependientes de dicha reivindicacion 2, cumplen con el requisito de actividad inventiva.

Igualmente, el método (reivindicaciones 10 a 12 del capitulo reivindicatorio enmendado) y el

aparato (reivindicacion 13 del capitulo reivindicatorio enmendado) de autentificacion de un

documento de seguridad que comprende la composicion segun dichas reivindicaciones 2 a 9,

también cumplen con el requisito de actividad inventiva.

6. Por todo lo anterior, considero que las objeciones presentadas por la Examinadora en su
examen de fondo han sido resueltas y por consiguiente solicito respetuosamente que el Despacho

tenga por cumplidos los requisitos de patentabilidad y proceda con la concesion de la patente.

Atentamente,

LOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295

Anexos:
- Capitulo Reivindicatorio Modificado
- ANEXO I: Articulo titulado “Microwave absorbing materials” de Petrov et al.
- ANEXO 2: Articulo titulado “Searching for high-k RE203 nanoparticles
embedded in Si02 glass matrix” de Mukhherjee et al.
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Segundo Examen de Fondo
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CAPITULO REIVINDICATORIO MODIFICADO
(Segundo Examen de Fondo)

Composicion que comprende la combinacion de dos o mas tipos de particulas de
materiales oxidos inorganicos, donde cada uno de los dos o mas tipos de particulas
presenta diferente tamafio y/o morfologia, donde el tamafio medio esta comprendido
entre 1 nm y 50 um, y donde la variacion en la distribucion del tamafio de particula es
inferior a un 20 % del tamafo medio de particula, , y donde los materiales 6xidos
inorganicos contienen uno o mas elementos lantanidos, y propiedades de absorcion de

ondas de radiofrecuencia.

Articulo, documento o elemento de seguridad que comprende una composicion que
comprende la combinacion de dos o mas tipos de particulas de materiales o0xidos
inorganicos, donde cada uno de los dos o mas tipos de particulas presenta diferente
tamafio y/o morfologia, donde el tamafio medio estd comprendido entre | nm y 50 pm,
y donde la variacion en la distribucion del tamaro de particula es inferior a un 20 % del
tamano medio de particula, , y donde los materiales 6xidos inorganicos contienen uno
o mas metales de transicion o elementos lantanidos, y propiedades de absorcion de

ondas de radiofrecuencia.

Articulo, documento o elemento de seguridad segun la Reivindicacion 2, donde los dos

0 mas tipos de particulas presentan la misma composicion quimica.

Articulo, documento o elemento de seguridad segun cualquiera de las Reivindicaciones

2 a 3, donde la composicion presenta dos 0 mas bandas de absorcion de ondas de RF a

frecuencias concretas.

Articulo, documento o elemento de seguridad segun cualquiera de las Reivindicaciones

2 a 4, donde los materiales 6xidos inorganicos presentan estructura cristalina.

Articulo, documento o elemento de seguridad segun cualquiera de las Reivindicaciones
2 a 5, donde los materiales 6xidos inorganicos presentan estructura de tipo wurtzita,

espinela, ferrita, granate o perovskita.

Articulo, documento o elemento de seguridad segun cualquiera de las Reivindicaciones

2 a 6, donde las particulas, o el agregado de las particulas, presentan un tamaifio

promedio de entre 1 y 45um.

Pagina 1 de 3

N



8.
9.
5
10.
10
15
20
Ll
25
30
12.

Expediente No. 13-252.711
Segundo Examen de Fondo
P2013/000177

Articulo o documento de seguridad segun cualquiera de las Reivindicaciones 2 a 7,
seleccionado de entre documentos de identificacion, billetes de banco, cheques, sellos

y papel timbrado, etiquetas y entradas.

Elemento de seguridad seglin cualquiera de las Reivindicaciones 2 a 7, seleccionado de
entre papel de seguridad, masa de papel, hilos de seguridad, fibrillas de seguridad,
tintas de seguridad, marcas de agua, efectos tactiles, tiras celulosicas, planchetes,
hologramas, pigmentos o sustancias de seguridad, laminas plasticas, sustratos

poliméricos.

Método para determinar la autenticidad de un documento, articulo o elemento de
seguridad que comprende las etapas de:

(a) irradiar el documento, articulo o elemento de seguridad que comprende una
composicion que comprende la combinacion de dos o mas tipos de particulas de
materiales 0xidos inorganicos, donde cada uno de los dos o mas tipos de particulas
presenta diferente tamafio y/o morfologia, donde el tamafio medio estda comprendido
entre 1 nm y 50 um, y donde la variacion en la distribucion del tamafio de particula
es inferior a un 20 % del tamafio medio de particula, y donde los materiales oxidos
inorganicos contienen propiedades de adsorcion de ondas de RF segun estan
descritos en cualquiera de las Reivindicaciones 1 a 6 con radiacion de
radiofrecuencia; y

(b) determinar la absorcion de la radiacion de radiofrecuencia que atraviesa el

documento o articulo de seguridad.

M¢étodo segun cualquiera de la Reivindicacion 9, que comprende:

(a) irradiar el documento, articulo o elemento de seguridad con radiacion de
radiofrecuencia;

(b) medir la intensidad de la radiacion de radiofrecuencia tras atravesar el documento,
articulo o elemento de seguridad;

(c) medir la intensidad de la radiacion de radiofrecuencia tras atravesar una region de
espacio libre; y

(d) comparar la intensidad de las sefiales de las etapas (b) y (c), para determinar la
absorcion de la radiacion de radiofrecuencia que atraviesa el documento, articulo o

elemento de seguridad.

Método segin cualquiera de las Reivindicaciones 10 y 11, donde la radiacion de

radiofrecuencia con que se irradia el documento, articulo o elemento de seguridad tiene

una frecuencia entre 3KHz y 300GHz.
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13. Aparato para determinar la autenticidad de un documento, articulo o elemento de

seguridad, que comprende:

e una antena emisora (2) de radiacion de radiofrecuencia,
e una primera antena receptora (3) de sefal de radiacion de radiofrecuencia,
e una segunda antena receptora (1) de referencia para la recepcion de radiacion de

radiofrecuencia,

donde la primera y segunda antenas receptoras (1, 3) estan dispuestas a uno y otro lado
de la antena emisora (2) y donde entre la antena emisora (2) y la primera antena
receptora (3) hay unos medios de soporte (4) del documento (5) a analizar, que
comprende una composicion que comprende la combinacion de dos o mas tipos de
particulas de materiales 6xidos inorganicos, donde cada uno de los dos o mas tipos de
particulas presenta diferente tamafo y/o morfologia, y donde los materiales 6xidos
inorganicos contienen propiedades de adsorcion de ondas de RF segun estan descritos
en cualquiera de las reivindicaciones 1 a 6, de tal modo que en modo operativo, cuando
el documento (5) se encuentra en dicho soporte (4), el documento (5) queda interpuesto
entre la antena emisora (2) y la primera antena receptora (3) y donde ademas el aparato

dispone de:

e unos medios de calculo (6),

* unos primeros medios de lectura de la sefial (7) conectados con la primera antena
receptora (3) y adaptados para entregar el valor de la sefial medida a los medios
de calculo (6),

e unos segundos medios de lectura de la sefal (8) conectados con la segunda
antena receptora (1) y adaptados para entregar el valor de referencia medido a los

medios de célculo (6),

6

donde los medios de célculo (6) disponen de una salida (9) y estan adaptados para
determinar si la diferencia de valores entre el valor de la sefial medida en la primera antena
receptora (3) y el valor de la senal de referencia medida en la segunda antena receptora (1)

se encuentra en un rango preestablecido entregando dicho resultado en la salida (9).

K 3 ok ok sk ok ok ok ok ok ok ok ok ok ok o o ook sk ok
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Abstract—Available data on microwave absorbing materials finding engineering applications or potentially
attractive for use in dielectric, magnetic, and ferroelectric—seignettomagnetic absorbers are summarized.

INTRODUCTION

Progress in the engineering of antennas and electro-
magnetic shiclding systems depends crucially on the
development of materials absorbing electromagnetic
radiation in a broad range, from meter to millimeter
waves. The high absorbance of such materials must be
combined with low reflectance in the same frequency
range.

Various systems with an optically “soft” input are
used as nonreflecting microwave absorbers—cone-
shaped, spinelike, pyramidal, and other structures fab-
ricated from high-resistivity semiconductor materials
[1]. The large thickness of such absorbers (at lcast half
of the maximum operating wavelength) and their high
aerodynamic resistance present no problems in station-
ary applications (anechoic rooms for antenna measure-
ments, echo-rejecting systems and permanent echo
sources in ports and airdromes, attenuators, etc.). How-
ever, such absorbers are unsuitable for shiclding a mov-
ing object-—ship, plane, or rocket.

The absorbers for moving objects must have a
smooth surface in the form of a microwave absorbing
coating applied to the metallic surface of the object.
There are both purely dielectric absorbers with a mag-
netic permeability equal to unity and magnetic dielec-
trics with both dielectric (¢') and magnetic (1) perme-
abilities differing from unity [1]. Absorbing coatings
may consist of one, two, or several layers of different
materials or may be graded.

Matched multilayer coatings and shielding walls are
difficult to fabricate, because of the stringent require-
ments on the thickness of the deposited layers, and pos-
sess insufficiently wide ranges of working frequencies.
The thickness of one-layer coatings and walls of porous
absorbing dielectrics with €' ~ 1 must be on the order of
the working wavelength A in a free space, so that they
can be uscd only on the short-wavelength side of the
microwave region. Purely dielectric coatings from
high-loss resins and rubbers or consisting of a polymer
binder and absorbing filler (graphite, black, metallic fil-
ings, or conductive fibers of length A/2) are insuffi-

ciently wide-band, and their thickness is too large, par-
ticularly for use in the microwave region,

Ceramic ferroelectrics such as barium titanate and
lead zirconate titanate possess a high diclectric perme-
ability (€' = 10°~10%) and very high dielectric losses
(tand = 0.1-0.6) in the microwave region [2]. In view

of this, even thin (on the order of A/./e" ) layers of these
ferroelectrics ensure sufficiently strong absorption.
However, because of the high €, they have a high reflec-
tion coefficient at the interface with air and cannot be
used as such. They are used as additions in multilayer
[3-5] and composite [6] coatings and walls.

The thinnest and most broadband microwave
absorbing coatings were produced with the use of mag-
netic materials, primarily ferrites [7-9]. They comprise
a mixture of a magnetic powder (iron ferrite) and a
dielectric binder, which is applied in the form of paste
or ink to the surface to be shielded. To broaden their
absorption range, a few magnetic materials are intro-
duced [10], and, to reduce their thickness, ferroelectric
ceramics are added [6].

The efficiency of magnetodielectric absorbers is
high because the real parts (€' and ') of their complex
dielectric (€ = €' — /") and magnetic (u = u' —ju") per-
meabilities differ from unity and are, occasionally,
large, and the imaginary parts (¢" and p") differ from
zero. As a resull, the coating thickness, on the order of

the wavelength in the material (A/./e'y"), decreases by

JE'" times, and the dielectric (€") and magnetic (")
losses ensure complete absorption of the incident radi-
ation.

In this paper, we present a brief survey of micro-
wave absorbing materials finding engineering appli-
cations at frequencies above | GHz. A detailed review
concerned with absorbing materials and clectromag-
netic shielding devices operating at frequencies below
I GHz was presented by Mottahed and Manoochehri
[11]. The results of early works dealing with micro-
wave absorbers were summarized in [1, 12-14].

0020-1685/01/3702-0093825.00 © 2001 MAIK “Nauka/Interperiodica™
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DIELECTRIC ABSORBERS

Dielectric absorbers are conventional dielectrics
with a low dielectric permeability €' which exhibit high
losses €" owing to the relaxation dispersion or conduc-
tive additions. Such absorbers are matched with free
space by using the resonance (quarter-wave) thickness
or media smoothly and stepwise nonuniform in thick-
ness [15].

The simplest microwave absorber, particularly in
the millimeter range, is water. In the centimeter range,
its €' reduces from 81 to 2 owing to relaxation disper-
sion, and €" shows a maximum. Water can be used in a
bound state by introducing it into porous and hygro-
scopic materials [16]. To shield an object for a short
time, water vapor can also be used.

A similar approach to shielding was proposed by
Nahmias [17]: the surface can be shiclded by a radioac-
tive material (e.g., "Sr), which ionizes air near the sur-
face. The resulting plasma acts as a broadband absorber
of electromagnetic waves.

"
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Fig. 1. Frequency dependences of the (a) real and (b) imag-
inary parts of the magnetic permeability for (/) the ferrite
Nip 24Zng 65Cup q7Fe2 0404 and (2, 3) composites contain-
ing, respectively, 69.7 and 51.8 vol % ferrite powder in the
poly(phenylene sulfide) binder.

Instead of water, use can be made of the Schiff bases
2-aminopyrimidine and aminopyrazine, which exhibit
high losses in the microwave region.

Composite materials consisting of a polymer binder
and conductive filler are the most widely used in dielec-
tric absorbers. Typical fillers are graphite, black,
fullerenes, metals, metal oxides, and semiconductors.
By varying the relative amounts of the components, one
can obtain €' and €" values ensuring optimal matching.
Such materials were described in the above-mentioned
reviews.

Recently, conductive fabrics, fibers, and filaments in
polymer binders have begun to be used in microwave
absorbers. For example, it was proposed to use SiC
fibers in the range 8—-16 GHz [18]. An absorbing mate-
rial consisting of randomly stacked polymer filaments
with a high-resistivity coating was proposed in [19].
The parameters of the coating vary exponentially with
depth. The gradual variation in €' and €" ensures absorp-
tion in a wide frequency range.

Nonreflecting coatings employing chiral materials
and structures for the microwave and optical regions
were proposed by Jaggard and Eugheta [20]. Dauwen
et al. [21] described an absorbing structure for frequen-
cies of 10 MHz to 100 GHz containing chiral elements
embedded in an absorbing dielectric matrix.

Inherent drawbacks of dielectric absorbers are their
large thickness and relatively narrow range of matching
frequencies,

MAGNETIC ABSORBERS

As pointed out above, the best microwave absorbing
materials are magnetodiclectrics. The magnetic com-
ponent of absorption, 1", allows one to improve match-
ing, broaden the range of working frequencies, increase
attenuation, and reduce the thickness of the protective
coating.

Ferrites of various compositions and carbonyl Fe
and Ni powders are used as magnetic materials. Com-
mon binders are cements, resins, plastics, and rubber.

The use of magnetic materials in the microwave
region is complicated by magnetic dispersion, which
reduces the magnetic permeability u' from hundreds
and thousands at low frequencies to unity in the centi-
meter range. As an example, Fig. | shows the frequency
characteristics of nickel zinc ferrite and composites
based on it [22]. In the centimeter range, ' decreases to
below 1. Magnetic losses remain fairly high up to
10 GHz. The smaller the low-frequency value of |t', the
higher the dispersion frequency. For this reason, in the
microwave region, higher values of u' are characteristic
of compositions with a lower permeability at low fre-
quencies.

Wartenberg [23] carried out €, €", W', and p" mea-
surements in the millimeter range for nickel zinc,
cobalt zinc, cobalt, barium, and strontium ferrites
and for carbonyl iron. The maximum value of p" is
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about 2.5. In a recent study [24], the 1" and " of micro-
wave absorbing ferrites (yttrium garnets; lithium, mag-
nesium, and nickel ferrites; and others) were measured
in the range from | MHz to 25 GHz.

The application of hexagonal ferrites in microwave
absorbers were considered in [9], and the use of low-
frequency manganese zinc ferrites was considered
in [8].

Many ferrite compositions for absorbers in different
frequency ranges were patented. For example, a num-
ber of spinel materials in the Ni-Co-Zn-Si-Fe-O sys-
tem were proposed for the 3-GHz range [25]. A series
of absorbing materials with the spinel structure and the
general formula MFe,0, (M = Mn, Co, Ni, Cu, Zn, Mg,
and other metals) were proposed in [26]. These materi-
als are intended for use in the range 0.5-12 GHz. The
particle size of ferrites effectively absorbing microwave
radiation is 1.65-0.7 mm in the frequency range
0.5-1.5 GHz and 0.1 mm between 2.5 and 12.0 GHz.
A ferrite absorber of composition (1 — ¥)Li,O - Al,O; -
VFe,05 - xSi0, with 0 <y < 1 and 1 € x < 15 was pro-
posed in [27]. Naito [28] studied nickel zinc copper fer-
rites with MnCO, additions (130-540 MHz) and PbO +
CuO additions (1.0-1.8 GHz). Thin ferrite absorbers in
the systems Mn-Zn-Fe—O, Ni-Zn-Fe-0, and Cu-Zn-
Fe—-O were described in [29].

A major advantage of ferrite absorbers is their small
thickness (a few millimeters). However, their fabrica-
tion requires considerable effort, since ferrite platelets
arc to be cemented to the metallic surface to be
shiclded. Moreover, such absorbers have an insufficient
range of working frequencies. The latter drawback can
be eliminated by combining a few ferrite platelets with
different resonance frequencies [10]. Use can be made
of two or more ferrites with different frequency charac-
teristics, bonded by sintering [30].

More suitable for large-scale production are absorb-
ing coatings consisting of a mixture of ferrite powder
and carbonyl iron in a polymer binder. Such composi-
tions are applied to the surface to be shielded with a
brush or by spraying, or are cemented in the form of
sheets.

A flexible quarter-wave absorber from natural or
synthetic rubber with a powder iron or ferrite filler was
proposed by Meinke ef al. [31]. As additions to a mix-
ture of an organic resin and magnetic material, carbon
compounds [32], metallic fibers [33], and other materi-
als can be used. It was inferred in [34] that a mixture of
magnetic and dielectric materials must satisfy the fol-
lowing conditions: [e[|it| > 10 and €'n’ > 6.

In studies of magnetodielectric coatings, Naito et al,
[8] found two matching frequencies, one related to the
magnetic resonance in the ferrite (<4 GHz), and the
other to the thickness resonance (<7.5 GHz at 3.7-mm
thickness). The use of a bimodal resonance curve
allows one to substantially extend the range of working
frequencies. Similar results can be obtained by using
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two ferroelectrics applied as alternating layers or a
mixture.

Hollow microspheres and nanotubes with additions
of magnetic ions and coatings containing, as fillers,
glass microspheres coated with iron or a ferrite (similar
to reflecting coatings) also appear to be potentially
attractive for devising light-weight microwave absorb-
ing materials. Indeed, Dawson er al. [35] described a
microwave absorbing material consisting of a mixture
of a magnetic material (iron) ranging in particle size
from 0.5 to 20 um, which is applied to spherical glass
balls a few microns in diameter, and a binder such as
rubber with a solvent (toluene). A 1-mm-thick micro-
wave coating ensures an attenuation of 12—-20 dB in the
frequency range 2-10 GHz.

Hatakeyama and Inui [33] proposed an absorbing
material containing over 3 wt % conductive metal or
alloy fibers 0.1 to 50 mm in length with an aspect ratio
greater than 10, Fe,O,, and a polymer binder.

Multilayer broadband absorbers containing mag-
netic materials were proposed in [36-40]. Hatakeyama
[36] described an ultrashort wave—microwave absorber
consisting of a conductive layer, 3- to 50-mm-thick
magnetic film (a mixture of >70 wt % ferrite powder
and rubber), and metallic fabric.

Naito ef al. [37] proposed applying a dielectric layer
with low € to a reflecting metallic surface, followed by
a ferrite layer (e.g., nickel zinc ferrite with p; = 2500),
a 15-mm-thick dielectric layer with low €, and finally a
magnetic layer with low p (manganese zinc ferrite with
H, = 10.5). If the condition p, 2 25, is fulfilled, such
an absorber ensures high attenuation (23 dB) between
30 and 300 MHz.

Kim et al. [38] devised a radiation absorber incorpo-
rating two ferrite layers differing in composition
(Ni=Zn and Mn—-Zn) and thickness; this offers the pos-
sibility of controlling the absorption range. The peak
position of the absorption band can be varied in the
range 50-1400 MHz by adjusting the relative amounts
of the constituent ferrites.

An electromagnetic wave absorber consisting of fer-
rite grains (e.g., nickel zinc ferrite) and a CuO-Fe,0,
grain-boundary spinel phase (40—60 mol % CuO) was
described in [39].

Nakamura er al. [40] devised a three-layer micro-
wave absorbing composite consisting of a conductive
layer, magnetic oxide-in-binder layer, and a layer of
magnetic metal-in-binder layer.

Baranov [41], using a composite (Fe-B-Si-Mn-C
alloys in rubber) and 1- to 3-um lengths of microwire,
fabricated thin (<2 mm) microwave absorbing shields
exhibiting an attenuation of 30 dB between 8 and
11 GHz.
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ABSORBERS CONTAINING FERROELECTRICS
AND SEIGNETTOMAGNETS

Ferroclectrics possess a very high dielectric perme-
ability, 10° to 10, up to microwave frequencies. In the
centimeter range, ferroelectric ceramics exhibit dielec-
tric dispersion: € decreases to a few hundreds, and
tand passes through a maximum (Fig. 2). Throughout
the microwave region, €" exceeds 100, which ensures
strong absorption of electromagnetic waves. Owing to
the high €', the thickness of resonance (quarter-wave)
coatings fabricated from ferroelectric ceramics is very

small (A/4./e'). However, the matching frequency
range of pure ferroelectrics is fairly narrow, which pre-
vents their implementation. In view of this, use is made
of composite coatings with relatively low contents of
ferroelectric ceramics.

Suetake and Naito [3] devised a bilayer absorber in
which one layer consists of a ferrite, and the other of a
ferroelectric, which ensures a combination of small
thickness and strong absorption. A similar bilayer coat-
ing, with a quarter-wave thickness, was proposed by
Wright [4]. Tyulyukovskii [42] described composite,
dielectric/ferromagnetic coatings, which can be pro-
duced at a very high rate by plasma deposition.

Ferromagnetic and ferroelectric layers can be pre-
pared from mixtures of appropriate powders with a
dielectric binder. Capping the structure with a dielectric
layer notably extends its frequency range and sup-
presses reflection.

In absorbing coatings consisting of magnetic (ferrite
or carbonyl iron) and ferroelectric (e.g., PZT) powders
in a polymer binder [6], matching is governed by the
thick-layer condition (€' = p', € = ") at low frequen-

A, cm™!

10? 10! 10" 107!
T T

—

1000 1.0

tand

500

0 i i

107! 10° 10! 10?
f. GHz

Fig. 2. Frequency dependences of the (/) dielectric per-

meability and (2) loss tangent for BaTiO, ferroelectric
ceramics.

cies, the resonance-layer condition in the centimeter
range, and the thin-layer condition in the millimeter
range [43]. Owing to frequency dispersion, self-match-
ing conditions may be fulfilled, when the coating thick-
ness varies little with decreasing A, €', and p'.

Radically new possibilities for devising microwave
absorbing materials are offered by secignettomagnets
(SM), a relatively new family of materials combining
ferro-, antiferro-, or ferrielectric properties with ferro-,
antiferro-, or ferrimagnetic properties in a certain tem-
perature range [44]. At present, more than 80 individual
SM compounds and a large number of solid solutions
between them are known, Potential applications of SMs
were analyzed by Wood and Austin [45], who however
did not consider the potential of SMs for use in micro-
wave absorbing materials.

The dielectric (£') and magnetic (u') permeabilities
of such materials must be high and close in magnitude.
The former condition ensures significant deceleration

of microwaves in SMs (proportional to ﬂ ), and the
latter ensures matching between SMs and the free space
(since wave resistance is proportional to J/p'/€') [2].

None of the presently known SM compounds satis-
fies the condition €' = P, The SM solid solutions also
have ' < €', For example, p' = 10 and €' = 930 in the
Pb(Fe,s W, 5)O0—Pb(Li, ,Fe, s W, )05 solid solution [46].
The only SM which offers strong microwave absorp-
tion at room temperature is Ba,FeReOy, a ferroelectric—
ferrimagnetic [47]. However, it can only be prepared
through a very complicated procedure and contains Re,
a fairly expensive metal. In view of this, new materials
with high room-temperature microwave losses were
devised recently—sintered solid solutions between the
incipient ferroelectric SrTiOy and the perovskite SMs
BiMnO, and BiCrO,.

Considerable effort has recently been centered on
structural composites integrating ferroclectrics, ferro-
magnets, and semiconductors. Dobrovenskii er al. [48)
studied microwave absorbing composite coatings com-
prising bonded layers of diffraction gratings (forward
and reverse Fresnel gratings and Fraunhofer grating)
prepared from graphite—carbon cloth. By the combined
effect of absorption, scattering, and interference, appre-
ciable attenuation of the reflected electromagnetic
waves was achieved (~20 dB) at a relatively low surface
density of the coating (2.0-2.5 kg/m? in the wavelength
range 0.8-3 cm).

Bruzzone and Hoyle [49] proposed a microwave
absorbing composite consisting of lamellae
(0.1-10 vol %) arranged in a random or ordered man-
ner in a binder. Each lamella comprises layers of a fer-
romagnetic alloy (e.g., NiFe), thinner than the skin
layer, and layers of an insulator (SiO, SiO,, MgF,,
polyimides) 5-100 nm in thickness, stacked in an
ordered manner. The strong absorption is due to the
large imaginary part of magnetic permeability (u" =
1.47 at 150 MHz and a filler content of 5 vol %). At a
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thickness of 0.1-10 mm and necessary matching, this
material absorbs in the range 5-6000 MHz. It can
absorb high-power radiation in the microwave region.

Composites in which microwave resonators fabri-
cated from paraelectrics (e.g., Bay ¢Sr, 4, TiO, solid solu-
tion) serve as fillers also seem to be candidate micro-
wave absorbers. Near the dielectric resonance, such
composites are man-made magnetic materials exhibit-
ing considerable magnetic losses, U = 1-6 [50].

CONCLUSION

Data on microwave absorbing materials finding
engineering applications or potentially attractive for
use in dielectric, magnetic, and seignettomagnetic
absorbers were summarized. The smallest thickness of
microwave absorbing coatings and walls can be
achieved with the use of seignettomagnets—a new
family of materials combining dielectric and magnetic
properties.
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Searching for high-k RE,0; nanoparticles embedded in SiO, glass matrix
S. Mukherjee, Y. H. Lin, T. H. Kao, C. C. Chou, and H. D. Yang®!

Department of Physics, National Sun Yat-Sen University, Kaohsiung 804, Taiwan

(Received 6 November 2011; accepted 18 February 2012; published online 21 March 2012)

Significant experimental cffort has been explored to search and characterize high-k materials with
magnetodielectric effect (MDE) of series of rare earth (RE) oxide (RE,O;) nanoparticles (NPs)
embedded in SiO; glass matrix by a sol-gel route. Properly annealed sol-gel glass (in which
RE = Sm, Gd, and Er) shows colossal response of dielectric constant along with diffuse phase
transition and MDE around room temperature. The radial distribution functions, reconstructed
from extended x-ray absorption fine structure, show the shortening of RE' ' -0 depending on the
RE,O; NP size, which is consistent with oxygen vacancy induced dielectric anomaly.
The magnetoresistive MDE is very much conditioned by magnetic property of RE,O; NP grain,

the degree of deformation of the lattice and constituent host. © 2012 American Institute of

Physics. [http://dx.doi.org/10.1063/1.3694737]

l. INTRODUCTION

The urge of device miniaturization has recently encour-
aged many researchers worldwide for the development of
composite oxide nanoparticles (NPs) to tailor desired mag-
netic, dielectric, and other properties by altering the type and
concentration of the dopant ions. Such an approach allows
one to employ the best available materials for each phase,
whose properties are known a priori due to the scarcity of
magnetoclectric multiferroic single crystals,' to suit the
desired application. Recent reports of giant dielectric constant
have directed considerable attention to several new material
systems, such as perovskite-related materials ACu;Ti 0,5
(A = Ca, Biys, Yan, Lays).>* LagsLi,Ti ALO” Nd,Os
doped (1 - x)Bij sNay sTiO5_,Bij sKysTiO1."  Fe-containing
complex perovskites A(Fe,,B,7)03 (A = Ba, Sr, Ca; B
= Nb, Ta, Sb),” nonperovskite material Lig osTio 02Nig 030
(LTNO).” percolative BaTiO3-Ni composites,'” electron-
doped manganites Ca; _,La,MnO;, and hole-doped insulators
La,Cu,_,Li, O, and La,_,Sr,NiO.''"""" However, the sensi-
tivity of these complex oxides to strain, stoichiometry, phase
heterogeneities, oxidation state, disorder, etc., can lead to
drastic modifications in their electronic, magnetic, and electric
properties at the nanoscale. Therefore, searching for alterna-
tive materials containing single-valence ions with superior
phase stability and compatible with planarization technology
is highly desired. In previous articles, we have presented inter-
esting particle size dependent colossal dielectric response
along with magnetodielectric effect (MDE) in Er,O: and
Eu,05 nano-glass composite systems.'™' From the obtained
results, there are colossal enhancements of dielectric constant
and large MDEs in the Er,05 case,'" while those in the Eu,0,
case, smaller responses were observed. ' Obviously, the dif-
ferent electronic and magnetic properties for Er,O5 and Eu,04
play a crucial role. However, these results suggest great prom-
ise in further systematic investigation to distinguish the mech-
anisms that contribute to colossal dielectric responses along

*'Author 1o whom correspondence should be addressed. Electronic mail:
yang@mail.phys.nsysu.edu.tw,

0021-8979/2012/111(6)/064103/6/$30.00

111, 064103-1

with MDEs in other RE;04:S10; nano-glass composite sys-
tems (RE2O;, RE ~ rare earth, a series of clements from La
to Lu with stable RE* ) with different RE,O; NP size. The
purpose of this study is to find amorphous high-k oxide candi-
dates and MDEs with superior phase stability for gate dielec-
trics from a lineup of rare earth metal oxides embedded in the
Si0, matrix, and to find a sequential coupling between differ-
ent constituents among these nano-glass composite materials.

Il. EXPERIMENTAL DETAILS

The RE,04:Si0; nano-glass composite system (RE ~
La. Nd, Sm, Eu, Gd. Dy. Ho, Er. Tm, Yb, and Lu) was syn-
thesized by a single-stage sol-gel process under atmospheric
condition at moderate temperature, The process is based on
the hydrolysis of precursor (tetracthylorthosilicate) and sub-
sequent condensation of hydrolyzed precursor in a medium
containing a hydroalcoholic solution of rare earth salt
(0.5 mol. % concentration) (Fig. I(a), Table T) as described
elsewhere.'” The dried monolithic transparent gel samples were
calcined at different temperatures up to 1200 °C (Fig. 1(b)).

An ultrahigh-resolution TEM (Model: JEM-3010, JEOL)
was employed to analyze the detailed structure of samples.
The dielectric measurements were carried out with an LCR
meter (Model E4980 A, Agilent) in conjunction with a labora-
tory built cryostatic arrangement integrated to the physical
properties measurement system (Model: 6000, Quantum
Design). Room temperature extended x-ray absorption fine
structure (EXAFS) experiments were carried out at the Gd
Lm-edge in fluorescence mode (very low concentration of
Gd'*) at the 17 C beamline in the National Synchrotron
Radiation Research Center (NSRRC), Hsinchu, Taiwan, The
EXAFS analysis was based on a multiparameter single-
scattering fit (by the FEFFIT code'’ and using the standard
IFEFFIT data analysis package) in the R-space from the
first two coordination shells; the fitting in the &k-space
(k*-weighted 7(k) with a k-cut range from 2.5-8 A~') led to
the same result. A reference sample of bulk Gd,05 (unsup-
ported SiO, glass matrix) was used as a model standard for
determining coordination numbers and inter-atomic distances.

© 2012 American Institute of Physics
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FIG. 1. (Color online) (a) Sol-gel process. (b) Gel-glass embedded with rare earth nanoparticle calcination process, (¢) TEM image of Gd05-7 (Gd,0+ doped
gel-glass calcined at 700°C), right inset: particle size distribution histogram and left inset: electron diffraction,

In obtaining the EXAFS function x(k), the background
absorption features which were superimposed on the EXAFS
oscillations were removed from the spectrum using spline fit
to both the pre- and post-edge regions.

Ill. RESULTS AND DISCUSSION

Figure 2 illustrates the temperature dependent ¢ of series
of rare earth oxide nano-glass composite systems calcined at
700 °C in the absence of magnetic ficld, Here, we concentrate
the variations of temperature dependent dielectric behavior
mainly on the 700°C sample for the sake of clarity. Besides
that, the possibility of formation of other rare earth oxide
phase (e.g., RE,Si,0,) mixture with crystalline RE,O5 is ruled
out at 700 °C for low dopant concentration (0.5 mol, %).""
Interestingly, RE,05:810, nano-glass composite systems in

TABLE I. Compositions of the Si(OC,Hs); (TEOS), H,0, and C;H;OH
solutions used in the sol-gel process,

Mole
SI(OCsHs); H-0 C,HOH ratio of Si0, content
(gm) (gm)  (gm)  H,0t0 Si{OC,Hs), Volume (gm/100 cc)
169.5 2928 375 20 500 9.80

which RE ~ Sm, Gd, Er show colossal enhancement of
dielectric constant (¢' ~ 10%) around room temperature. The
nature of the variation of the (¢' - T) curves represents well
defined maxima and notable diclectric broadening around ¢/,
(maximum value of ¢ ) with high &’ and different from pure
bulk RE,O.. However, the present study also stimulates us for
further exhaustive investigation on a typical Gd,04:Si0,
nano-glass composite system with different Gd,04 NP size to
throw more light, exploring the origin and application feasibil-
ity on these rich dielectric materials. Typical data are shown
for a Gd,0,:510; nano-glass composite system having 0.5
mol. % dopant (Gd,04) concentration calcined at different
temperatures, namely, 700, 800, 900, and 1200 °C (henceforth
referred to as Gd05-7, Gd05-8, Gd05-9, and Gd05-12,
respectively).

The TEM image of the powder specimen Gd0S-7 (Fig.
I{c)) shows nearly spherical NPs of Gd,05 (~3 nm) embedded
in the glass matrix. The particle size distribution histogram of
the sample (calculated from Fig. 1(c)) is shown in the right
insct of Fig. I(c). The selected-area clectron-diffraction pattern
shows spotted ring pattems, suggesting development of regions
of localized crystallinity (left inset of Fig. 1(c)). Figure 3(a)
illustrates the temperature dependence of the real part of rela-
tive dielectric permittivity (¢') of the Gd05-7 sample at several
sclective frequencies (0.1-100 kHz). The shape of the curves,

D
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FIG. 2. (Color online) The ¢'- T curves of RE;O, (gel-glass calcined at
700 "C) at | kHz without applied magnetic field.

all with a well-defined maxima at T,, ~ 325 K, arc notably dif-
ferent from those observed in classical relaxor ferroelectrics,
which are characterized by a broad dielectric permittivity
exhibiting maxima with frequency dispersion. However, such a
dielectric broadening around &', is indicative of a diffuse phase
transition (DPT)"*"" with high &' (~980 at 0.5 kHz), quite
different from and much higher than that of pure bulk Gd,0;
(e" ~ 12 (Ref. 20)]and of SiO, (¢ ~ 3.9). The space-charge or
interfacial polarization may be operative in this specimen at
temperaturcs above T,,. However, the enhancement of dielec-
tric permittivity occurs even at temperatures below T,
(~280-300 K). Thercfore, any space-charge or interfacial
polarization as the source of the enhancement of dielectric per-
mittivity below T, is not evident. Temperature dependence of
& of Gd05 samples calcined at 700 °C , 800 °C, 900 °C, and
1200 °C measured at 1 kHz are elucidated in the inset of Fig,
3(a). It is obvious that the ¢’ value is larger with the lower cal-
cined temperature sample (i.e., particle size dependent effect).
Interestingly, as crystal size increases with higher annealing
temperatures, the £ value, and hence the associated DPT
behavior, decreases. At this moment, there is the possibility of
formation of the RE,Si,0; mixture with crystalline RE-O; at a
higher calcined temperature (~1200 °C) even for low dopant
concentration.'™*' Structural change at ~1200 °C may affect
further disappearing DPT behavior. In fact, we did not empha-
size on the sample obtained at 1200 °C, where the observed
dielectric value without DPT behavior is almost comparable
with pure bulk RE,O; (unsupported with SiO,). In addition, the
possibility of the contact between the electrodes and sample
influencing the dielectric properties is excluded by using differ-
ent sample thicknesses and different clectrode materials. In
both cases, diclectric constant changes are found to be within
experimental errors, indicating the intrinsic naturc of this
measurcment,

To shed more light on the role of the relaxation dynam-
ics, Fig. 3(b) depicts the temperature dependence of the
dielectric loss tangent, tand, for various frequencies. The
main feature observed is the appearance of two maxima
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FIG. 3. {Color online) (a) The (#- T) curves of Gd05-7 at different frequen-
cies, inset: (¢~ T) curves at different calcined temperatures. (b) Dielectric
loss tand of Gd05-7 at different frequencies, inset: representative Arrhenius
plot of the relaxation time of Gd0S-7.

(peak A ~ 200 K and peak B ~ 300 K) with low diclectric
loss of tand - T. The peaks shift to higher temperatures as the
frequency increases. The intensity of peak A is weaker
(~0.15) than that of peak B. The most important outcome
of this analysis is complemented by reading off loss-peak
positions in the temperature- and frequency- dependent plot.
In the inset of Fig. 3(b), the resulting temperature depend-
ence of 1 is shown in an Arrhenius representation. Near the
DPT temperature (T,,), thermally activated behavior
T = toexp(E, /kT) is observed with an energy barrier £, of
about 1.0 eV. These experimental facts suggest that the dielec-
tric relaxation process might be closely associated with the
presence of thermally activated oxygen vacancies, Thermally
activated reorientation of dipole moment via the vacancy
Jumping (or, more correctly, the oxygen ion jumping through
the oxygen vacancy) has been suggested as the origin of the
dielectric relaxation with activation energy ~0.7-1.2 eV >}
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Our present results are similar to recent experimental find-
ings™**" that electrical properties of perovskite-type ABO;
materials are considered as the fingerprints of the oxygen
vacancies.

The &'~ T plot (Fig. 4) of Gd05-7 shows a decrease of ¢
under magnetic ficlds up to 9 T observed around the transi-
tion regime 200-350 K at 1 kHz. This nano-glass composite
system consists basically of a mixture of nanocrystalline
Gd,0; grains separated by an insulating inter-grain (SiO,
matrix). The contribution of grain (NP Gd,03) resistance
(Ry. values obtained from equivalent circuit model by ana-
lyzing the impedance data) of Gd05-7 as a function of meas-
uring temperature in the presence of external magnetic field
is shown in the inset of Fig. 4. Concomitantly, Ry (T) reveals
a metal to insulator like transition coinciding with 7, of &'
(1) (Fig. 3(a)) and interestingly, R, increases under magnetic
field as in magnetoresistive materials. It has been established
that magnetic NPs often show magnetoresistive properties,**
attributed to spin-polarized tunneling. The observed MDE in
Gd,05:5i10; nano-glass composite systems is caused essen-
tially through the combination of magnetoresistance and
Maxwell-Wagner effect, as recently predicted by Catalan.*
While the NP Gd,0 resistance increases with the increase
in external magnetic field, i.c., positive magnetoresistance,
the diclectric constant decreases with the increase in the
external magnetic field, i.e., negative MDE,

Extended EXAFS experiments were performed at the
Gd Lyy-edge to obtain further detailed information on the
local surroundings of the chemical elements of the Gd-
oxide doped nano-glass composite system. The broad
dielectric anomaly in Gd;04:8i0; can be plausibly attrib-
uted to oxygen vacancy defects, which are implied by the
EXAFS measurements. Of particular interest are the coordi-
nation number of oxygen around the Gd atom and type of

10" T — T
10 1 Gd05-7
. -0 Ha20T

| Gd05-7 |
f:1kHz

9
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]

i
o
o
T

Gra.in .reSIstanca. R_ (i)
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"

i

120 160 200 240 280 320

T(K)

FIG. 4. (Color online) The &'~ T curves of Gd005-7 measured under different

.applied magnetic fields. Inset: temperature dependence of grain resistance
(Rg) calculated from impedance complex plane plots with external magnetic
field.
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neighbors, the interatomic distance between the Gd atom
and the surrounding oxygen, and the Debye-Waller factors
which contain the mean-square relative displacements due
to static disorder or thermal vibration. Figure 5 depicts the
room temperature experimental EXAFS spectra of samples
Gd05-7, Gd05-8, and Gd05-9. The EXAFS signals
weighted by & [i.c., k°y(k)] are shown in Fig. 5(a), and the
moduli of their Fourier transforms |F(R)| are presented in
Fig. 5(b). The EXAFS spectra in Fig. 5(a) look very much
the same, at first glance, and thus one would not expect a
major difference in the Fourier transform data. The Fourier

transform  modulus  (Fig.  5(h)) exhibits two main
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FIG. 5. (Color online) Gd Ly;-edge EXAFS spectra of Gd* * -doped SiO,
glass samples calcined at different temperatures. Spectra are vertically
shifted for clarity. (a) &>-weighted EXAFS signals, (b) Fourier transform
moduli radial distribution functions. Both experimental data (symbols) and
the best-fit theoretical curves (dashed) are also reported. The transformation
range isk = 25-8 A ' for all the spectra and the range for the first coordi-
nation shell fit is R = 1-3 A,
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TABLE 1. Results of the quantitative analysis of the first coordination shell
derived from EXAFS filtered data of Gd;04:5i0, nano-glass composite sys-
tems at different calcinations temperatures. N. R, and a° are the average
coordination number, interatomic distance, and relative mean square dis-
placement (Debye-Waller factor), respectively.

EXAFS
Sample Bond type N R+A(A) a*(A?Y
Gdos5-7 53202 22160012 0016 0.002
Gd0S5-8  First coordination 5602 223 0011 0.015=0.003
Gd05-9 shell 5803 2248=0013 0014 +0.002
Gd,0, (Gd'* -0) 60202 22650012 0007+ 0.003

coordination peaks: the first one, located at R ~ 1.8 A cor-
responds to the interatomic distances of Gd* ' -0 (first
coordination shell), while the second one (not growing
properly) is located at R ~ 2.8 A, indicating mostly the
amorphous environment of Gd,* as expected for a Gd-Gd
coordination (second coordination shell) in a crystal. How-
ever, the TEM results (Fig. 1(c)) confirm the presence of
NPs Gd,O; with localized crystallinity in the glass speci-
men calcined at 700 °C. The fitting results of Gd* " -0
interatomic distances obtained from Fig, 5 are summarized
as a function of calcination temperatures in Table I1. The
values obtained from the EXAFS spectra are not signifi-
cantly different in all the glass specimens with very low
doping concentration. However, on close inspection it is evi-
dent that the average Gd'*-O interatomic distance of
Gd05-7 is shorter than that of Gd05-8, Gd05-9, and bulk
Gd,0; (unsupported SiO, glass matrix), suggesting that oxy-
gen ions surrounding the oxygen vacancies around Gd ions
should concurrently involve a relaxation toward their adja-
cent vacancies and, as a result, a shorter bond length can be
attributed.”” This argument can, presumably, also be applied
to the Er;0::8i0, NP-glass system.l' It has been found that
silica gel becomes porous glass when calcined at ~400 °C
and that the collapse of the pores starts at ~700 °C and
becomes nearly complete at ~800 °C.*® So, when silica gels
doped with various RE® * doped ions (even low concentra-
tion) are subjected to systematic heating, = Si — OH groups
condense to = Si — O — Si = bonds and thus enhancing the
collapse of the silica pores also possibly is initiated near
about 700 °C. which triggers isolated metal oxide ions
loosely attached to the pores to be detached to form clusters.
The dimensions of the clusters reside in the nanometer
range. At the 700 °C calcined sample, in rare earth oxide
NPs, oxygen vacancies could be easily created by loss of ox-
ygen at low oxygen partial pressure, according to
0, — V,+ 1/20,. Based on these considerations, the for-
mation of oxygen vacancies inside the NPs influence the
bond-length change, and the number of oxygen atoms sur-
rounding the Gd atom should also decrease. This argument
is in fair agreement with the result of a relative decrease in
‘the number of ncarest neighbors (Table 1) in Gd0S5-7 in
comparison with other high temperature calcined samples.
At a higher temperature, namely, 800 °C, the collapse of
larger pores also takes place, agglomerate more RE,O; to
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form bigger size NPs.”” This implies that anncaling at higher
temperatures increases the particle size with lower V, con-
centration. These results are consistent with diclectric stud-
ies, resulting in the decrease in diclectric constant along with
DPT behavior by anncaling the samplc at higher tempera-
tures. Likewise, the Debye-Waller factor increases with
decreasing NP size, indicating that the disorder in oxygen
environment increases with lower calcination temperatures.
In this connection, it is relevant to refer to the important
findings of RE'* doped EXAFS studies by Rocca er al.™”
on the densification of silica xerogels as a function of heat
treatment up to 900 "C. Their measurcments have shown
that the densification of xerogel without evidence of cluster-
ing of RE' " induces a decrease of the coordination number
and a shortening of the main RE-O distance and absence of
RE-RE correlation. Nevertheless, our TEM studies in densi-
fied glass specimens (700 °C and above) have revealed clear
detectable NP with separation. So, it is reasonable to assume
that the shortening of Gd* ' -O and the decrease of the coor-
dination number with lower calcined nano-glass specimens
is dependent on NP size (or, more correctly, the oxygen va-
cancy), for which further experiments of all the rare earth
with different doping concentrations are still necessary.
Therefore, our EXAFS findings provide additional insight
into the origin of the unusually colossal room-temperature
diclectric response in rare carth oxide NP embedded oxide
glasses.
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FIG. 6. (Color online) (a) Maximum value of dielectric constant, and (b)

MDR under 5 T applied field of RE;0,:5i0; nano-glass composite systems
calcined at 700 °C with rare earth atomic number,
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The amorphous self-organized nano-glass composite sys-
tems may be the promising high-k gate dielectrics due to its re-
producible high dielectric constant (Fig. 6(a)), single-stage
process in air at moderate temperature, and good compatibility
with a modem microelectronics processing technique. The
present systems also show MDEs around the transition temper-
ature. The magnetodiclectric ratio (MDR), (Ae, (Hsr)/
B8 ()% = ([ (H57) = &1 (0))/8 e ()% 2t 1.0
kHz is plotted as a function of atomic number of the rare carth
elements near 7y, as shown in Fig. 6(b). The RE;0::5i0,
nano-glass composite systems in which RE = Sm., Gd, Fr,
and Lu show a colossal response of dielectric constant under
applied magnetic field. The sol-gel process provides a conven-
ient way for tailoring phase pure, self-organized NPs of nearly
uniform sizes (Fig. 1(c), particle size distribution histogram),
and for facilitating homogencous dispersion of these metal-
oxide NPs in the silica matrix. It is believed that the sol-gel
derived NP-glass composite systems prepared and calcined in
identical condition (Fig. 1(h)), and the particle size distribu-
tions of all rare earth oxide at a specific calcined temperature is
nearly equal (say 700 °C, we have checked for Er, Eu, Gd, and
La systems). These rare carth oxide NPs are rigidly fixed
within the insulating silica matrix at all temperatures. So this
dielectric behavior does not arisc from the physical motion of
the NPs. This feature takes place inside the rare earth NP grain
and they arc very much conditioned by the magnetic property
of the NP grain, the potential barriers in the grain boundaries,
the degree of deformation of the lattice and the crystallites, as
well as the grain size and their constituent host. Why does
RE = Sm, Gd. and Er show much larger cffects than other
rare carths? It needs further investigation using magnetic and
non-magnetic rare carth oxide NPs together with different dop-
ing concentrations to explore the mechanism and application
feasibility on these rich dielectric materials.

IV. CONCLUSIONS

In conclusion, we have synthesized self-organized
RE;O; NPs with almost equal size and separation embedded
in SiO, glass matrix by the sol-gel method. Properly
annealed sol-gel glass (in which RE = Sm, Gd, and Er)
shows an interesting colossal response of dielectric constant
along with DPT and MDE around room temperature. The ex-
perimental facts strongly suggest that the dielectric anomaly
with DPT behavior is related to oxygen vacancy-induced
diclectric relaxation in the material without ferroelectric
phase transition. The MDE observed in this glassy composite
is considered to be associated with the direct consequence of
magnetoresistance changes depending on the calcination
temperatures (magnetic NP size). The present study on
highly stable high-k material, developed by cost effective,
single-stage, and reproducible process in atmospheric condi-
tions, might provide an alternative route to seek a potential
candidate for device applications.
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