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The present invention concerns a reservoir assembly for use 
in three - dimensional ( 3D ) printing for building a 3D object , 
which includes a top frame that may be filled with liquid 
material , and a tensioned film being held underneath the top 
frame . The tensioned film may be air permeable and elastic 
at the same time , wherein surfaces of the tensioned film are 
micro textured so that the tensioned film becomes optically 
clear when it contacts with the liquid material . The tensioned 
film minimizes the creation of bubbles between the top and 
bottom surfaces . This also helps blurring the boundaries 
thereby enhancing the surface finish of the fabricated parts . 
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APPARATUS , SYSTEM , AND METHOD FOR material which is curable by a light with a specific wave 
USE IN THREE - DIMENSIONAL PRINTING length , starting from the bottom layer to the top layer . A 

conventional SLA system comprises a resin tank filled with 
CROSS REFERENCE OF RELATED a predetermined volume of photosensitive material or resin , 

APPLICATION an elevating platform immersed in the resin tank , and a light 
source , such as a projector or a laser , for generating curing 

This is a non - provisional application that claims priority light to solidify a plurality of thin layers with a given layer 
to U.S. Provisional Application No. 62 / 808,295 , filed on thickness to form a 3D object which is attached on the 
Feb. 21 , 2019 , the entire disclosure of which is incorporated elevating platform . 
by reference in its entirety . The entire Stereolithography process may be broken 

down into the following steps : resin filling , light exposure , 
COPYRIGHT AND TRADEMARK NOTICE separation of the solidified section from the vat or reservoir , 

and replenishing the photosensitive resin . Due to the inef 
A portion of the disclosure of this patent application may ficient material replenishment and separation processes , 

contain material that is subject to copyright protection . The 15 most conventional SLA processes have a slow fabrication 
owner has no objection to the facsimile reproduction by speed . Also , separation of the polymerized cross - sections 
anyone of the patent document or the patent disclosure , as it from the reservoir creates a huge suction force that can lead 
appears in the Patent and Trademark Office patent file or into fracture of the fabricated sections during the course the 
records , but otherwise reserves all copyrights whatsoever . printing process . 

Certain marks referenced herein may be common law or 20 Accordingly , it would be highly desirable to develop an 
registered trademarks of third parties affiliated or unaffiliated SLA three - dimensional printing which is capable of increas 
with the applicant or the assignee . Use of these marks is by ing the fabrication speed of the 3D object and enhancing the 
way of example and should not be construed as descriptive quality of the 3D object while being cost effective . It is to 
or to limit the scope of this invention to material associated these ends that the present invention has been developed . 
only with such marks . 

BRIEF SUMMARY OF THE INVENTION 
BACKGROUND OF THE INVENTION 

The present invention provides an apparatus , system , and 
1. Field of the Invention method for use in three - dimensional printing — for example 

30 Stereolithography ( SLA ) —wherein an air permeable , tex 
The present invention generally relates to an apparatus , tured and tensioned film with a non - sticky surface may be 

system and method for three - dimensional ( 3D ) printing . formed to create a minimum and negligible suction force for 
More specifically , the present invention relates to an appa separating the cured layers from the tensioned film . 
ratus , system , and method for use in three - dimensional A system for three - dimensional printing , in accordance 
printing wherein a tensioned film is disposed within a 35 with some exemplary embodiments of the present invention , 
reservoir assembly to create minimum and negligible suc may include : a computer coupled to a light source including 
tion force separating the cured layers that form the 3D object instructions for selectively illuminating a photosensitive 
being printed . liquid in accordance with a geometric profile of a three 

dimensional ( 3D ) object , the light source for polymerizing 
2. Discussion of the Related Art 40 the photosensitive liquid and forming a polymerized section 

of the 3D object ; and reservoir assembly adapted to receive 
Three - dimensional printing is a process to form a three the light source , comprising : a top frame having a cavity 

dimensional object from computer - aided design ( CAD ) with an aperture defined on a bottom edge of the top frame , 
data . Different from traditional processes such as casting and the cavity configured to be at least partially filled with the 
cutting , 3D printing utilizes adding instead of removing 45 photosensitive liquid ; a permeable tensioned film stretchily 
materials to create the solid object which could have a coupled to the aperture so as to hold the photosensitive 
complex shape or geometry . This process is also known as liquid within the cavity of the top frame ; a bottom frame 
additive manufacturing ( AM ) , rapid prototyping or solid including a transparent or semi - transparent rigid substrate , 
freeform fabrication . The machine to perform this process is the bottom frame configured to register with the top frame ; 
called a 3D printer . 50 and a media layer sandwiched between the permeable ten 

Basically , 3D printing is achieved by building a 3D object sioned film and the rigid substrate of the bottom frame . 
layer by layer from a particular material such as powdered A reservoir assembly for use in three - dimensional print 
metal , liquid of a prepolymer or any other appropriate ing , in accordance with some exemplary embodiments of the 
materials . Each of these layers is a thin slice which repre present invention , may include : a top frame having a cavity 
sents the cross - section of the eventual object . It is generated 55 with an aperture defined on a bottom edge of the top frame , 
by the process similar to the regular 2D printing in a single the cavity configured to be at least partially filled with a 
plane ( x and y dimensions ) . All layers are laid over one photosensitive liquid ; a permeable tensioned film stretchily 
another successively in z dimension . With the number of coupled to the aperture so as to hold the photosensitive 
these layers accumulated , a 3D object is formed . liquid within the cavity of the top frame ; a bottom frame 

There are numbers of different technologies developed 60 including a transparent or semi - transparent rigid substrate , 
based on different materials and ways to form layers , for the bottom frame configured to register with the top frame ; 
example , Fused Deposition Modeling ( FDM ) , Stereolithog and a media layer sandwiched between the permeable ten 
raphy ( SLA ) , 3D Inkjet Powder ( 3DP ) , Selective Laser sioned film and the rigid substrate of the bottom frame . 
Sintering ( SLS ) . A reservoir assembly for use in three - dimensional print 

Stereolithography is one of the most precise 3D printing 65 ing , in accordance with some exemplary embodiments of the 
techniques in the market . The principle of SLA is to create present invention , may include : a top frame having a cavity 
a 3D object by successively solidifying thin layers of liquid with an aperture defined on a bottom edge of the top frame , 
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the cavity configured to be at least partially filled with a Stereolithography printing using an enhanced 3D printing 
photosensitive liquid , wherein a deep portion of the cavity is material vat or reservoir assembly with a semi - transparent 
defined by a peripheral shallow portion extending from an window . 
inner side wall of the top frame to a curving edge , and a deep In some exemplary embodiments of the present invention , 
inner side wall extending from the curving edge that peri- 5 an apparatus and a method may include or incorporate a 
metrically defines the aperture ; a polymethylpentene ( PMP ) reservoir assembly for Stereolithography 3D printing that 
film wrapped around a holding rim of the top frame so that comprises ( i ) a two - part design with a flat bottom surface 
PMP film is tensionedly coupled to the aperture in a manner and a removable top surface ; ( ii ) a non - transparent or to hold the photosensitive liquid within the cavity of the top semi - transparent Selectively Textured Elastomeric Mem frame ; a bottom frame including a transparent or semi- 10 brane ( STEM ) on the removable top surface that becomes transparent rigid substrate , the bottom frame configured to 
register with the top frame ; and a media layer sandwiched transparent when it comes in contact with resin ; and ( iii ) 

removable or non - removable surface enhancement filters between the permeable PMP film and the rigid substrate of 
the bottom frame in a manner so that the PMP film is underneath of the flat transparent part . 
suspended above the media layer . In some exemplary embodiments of the present invention , 

While in some exemplary embodiments the tensioned an apparatus and a method may include or incorporate a 
film may be wrapped around a portion of the top frame , in semi - transparent or non - transparent surface on direct con 
other exemplary embodiments , a high performance elastic tact of Stereolithography 3D printing material that : ( i ) 
double - sided adhesive may be implemented around a bottom creates a minimum and negligible suction force because of 
surface of top frame . In yet other exemplary embodiments , 20 the surface textures ; ( ii ) becomes transparent when it comes 
the tensioned film may be both wrapped around a portion of in contact with Stereolithography 3D printing material ; and 
the top frame and secured to a portion of top frame using an ( iii ) enhances the surface finish by blurring the projected 
adhesive component . With either embodiment , the tension images . 
ing process may be performed in a hot liquid bath or a hot In some exemplary embodiments of the present invention , 
air chamber for achieving maximum tension on the film . 25 an apparatus and a method may include or incorporate a 
A method for three - dimensional printing using a reservoir tensioned film that provides physical and chemical proper 

assembly employing a permeable tensioned film suspended ties to separate the printed 3D object from a bottom surface 
over a media layer , in accordance with some exemplary of the reservoir assembly . embodiments of the present invention , may include : ( a ) In some exemplary embodiments of the present invention , coupling a permeable tensioned film to a top frame of a 30 an apparatus and a method may be incorporated with any reservoir assembly having a cavity with an aperture defined existing computer - aided design to build a 3D object . on a bottom edge of the top frame , wherein : the cavity is In some exemplary embodiments of the present invention , configured to be at least partially filled with a photosensitive 
liquid , the permeable tensioned film is stretchily coupled to a system is provided that is easy to use without assistance , 
the aperture so as to hold the photosensitive liquid within the 35 and inexpensive to manufacture . 
cavity of the top frame , and the permeable tensioned film is Various objects and advantages of the present invention 
suspended above a media layer disposed between the per will become apparent from the following description taken 
meable tensioned film and a transparent or semi - transparent in conjunction with the accompanying drawings wherein are 
rigid substrate of a bottom frame of the reservoir assembly ; set forth , by way of illustration and example , certain 
( b ) filling at least a portion of the cavity with the photosen- 40 embodiments of this invention . The drawings submitted 
sitive liquid so that the photosensitive liquid rests on a top herewith constitute a part of this specification , include 
portion of the permeable tensioned film ; and ( c ) projecting exemplary embodiments of the present invention , and illus 
a light to a bottom surface of the permeable tensioned film trate various objects and features thereof . 
in order to polymerize the photosensitive liquid above the 
tensioned film and form a polymerized section of a three- 45 BRIEF DESCRIPTION OF THE DRAWINGS 
dimensional ( 3D ) object . 
A method of assembling a reservoir for use in three The apparatus , system , and method for use in stereo 

dimensional printing , in accordance with some exemplary lithography three - dimensional printing as disclosed herein 
embodiments of the present invention , may include : ( a ) are further described in terms of exemplary embodiments . 
stretching a permeable film over an aperture of a top frame 50 These exemplary embodiments are described in detail with 
of a reservoir assembly having a cavity with the aperture reference to the drawings , which have not necessarily been 
defined on a bottom edge of the top frame in order to create drawn to scale in order to enhance their clarity and improve 
a permeable tensioned film ; and ( b ) coupling the permeable understanding of the various embodiments of the invention . 
tensioned film to the aperture in a manner so as to create a Furthermore , elements that are known to be common and 
seal between the permeable tensioned film and the bottom 55 well understood to those in the industry are not depicted in 
edge of the top frame such that the permeable tensioned film order to provide a clear view of the various embodiments of 
will hold a photosensitive liquid within the cavity of the top the invention . These embodiments are non - limiting exem 
frame , wherein steps ( a ) and ( b ) are performed in a hot liquid plary embodiments , in which like reference numerals rep 
bath or a hot air chamber so as to allow the film to expand resent similar structures throughout the several views of the 
when being stretched and coupled over the aperture of the 60 drawings . The drawings that accompany the detailed 
bottom section of the top frame ; and ( c ) suspending the description can be briefly described as follows : 
permeable tensioned film over a media layer disposed FIG . 1 is a system for use in three - dimensional printing 
between the permeable tensioned film and a transparent or according to an exemplary embodiment of the present 
semi - transparent rigid substrate of a bottom frame of the invention . 
reservoir assembly . FIG . 2 is an exploded perspective view of a reservoir 

In some exemplary embodiments of the present invention , assembly of an exemplary system according to the present 
a method may be implemented via DLP - based or laser - based invention . 

65 
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FIG . 3 is a top perspective view of a top frame of a that claimed subject matter include combinations of example 
reservoir assembly according to an exemplary embodiment embodiments in whole or in part . 
of the present invention . Conditional language used herein , such as , among others , 
FIG . 4 is a bottom perspective view of a top frame of a " can , " " could , " " might , " " may , ” “ e.g. , " and the like , unless 

reservoir assembly according to an exemplary embodiment 5 specifically stated otherwise , or otherwise understood within 
of the present invention . the context as used , is generally intended to convey that 
FIG . 5 is a cross - sectional view of a top frame of a certain embodiments include , while other embodiments do 

reservoir assembly according to an exemplary embodiment not include , certain features , elements and or steps . Thus , 
of the present invention . such conditional language is not generally intended to imply 
FIG . 5A is a diagram showing an exemplary cross - section 10 that features , elements and or steps are in any way required 

of a top frame coupled to a portion of a bottom frame of a for one or more embodiments , whether these features , 
reservoir assembly according to an exemplary embodiment elements and or steps are included or are to be performed in 
of the present invention . any particular embodiment . 
FIG . 6 is a bottom perspective view of a bottom frame of The terms " comprising , " " including , " " having , " and the 

a reservoir assembly according to an exemplary embodiment 15 like are synonymous and are used inclusively , in an open 
of the present invention . ended fashion , and do not exclude additional elements , 
FIG . 7 is a top perspective view of a bottom frame of a features , acts , operations and so forth . Also , the term “ or ” is 

reservoir assembly according to an exemplary embodiment used in its inclusive sense ( and not in its exclusive sense ) so 
of the present invention . that when used , for example , to connect a list of elements , 
FIG . 8 is a cross - sectional view of a bottom frame of a 20 the term “ or ” means one , some , or all of the elements in the 

reservoir assembly according to an exemplary embodiment list . Conjunctive language such as the phrase " at least one of 
of the present invention . X , Y , and Z , ” unless specifically stated otherwise , is other 
FIG . 9 illustrates an exemplary operation of a system wise understood with the context as used in general to 

according to an exemplary embodiment of the present convey that an item , term , etc. may be either X , Y , or Z. 
invention . 25 Thus , such conjunctive language is not generally intended to 
FIG . 10A - FIG . 10B illustrate two views that generally imply that certain embodiments require at least one of X , at 

describe a process of assembling a reservoir assembly in least one of Y , and at least one of Z to each be present . The 
accordance with exemplary embodiments of the present term “ and or ” means that “ and ” applies to some embodi 
invention . ments and “ or ” applies to some embodiments . Thus , A , B , 
FIG . 11A - FIG . 11D illustrates a separation process with a 30 and or C can be replaced with A , B , and C written in one 

media layer underneath a film according to the present sentence and A , B , or C written in another sentence . A , B , 
invention . and or C means that some embodiments can include A and 
FIG . 12A - FIG . 12C illustrates a mechanism of using B , some embodiments can include A and C , some embodi 

springs to couple a top frame and the bottom frame accord ments can include B and C , some embodiments can only 
ing to the present invention . 35 include A , some embodiments can include only B , some 

embodiments can include only C , and some embodiments 
DETAILED DESCRIPTION OF THE include A , B , and C. The term “ and or ” is used to avoid 

INVENTION unnecessary redundancy . Similarly , terms , such as “ a , an , ” or 
“ the , ” again , may be understood to convey a singular usage 

In the following discussion that addresses a number of 40 or to convey a plural usage , depending at least in part upon 
embodiments and applications of the present invention , context . In addition , the term “ based on ” may be understood 
reference is made to the accompanying drawings that form as not necessarily intended to convey an exclusive set of 
a part thereof , where depictions are made , by way of factors and may , instead , allow for existence of additional 
illustration , of specific embodiments in which the invention factors not necessarily expressly described , again , depend 
may be practiced . It is to be understood that other embodi- 45 ing at least in part on context . 
ments may be utilized and changes may be made without While exemplary embodiments of the disclosure may be 
departing from the scope of the invention . Wherever pos described , modifications , adaptations , and other implemen 
sible , the same reference numbers are used in the drawings tations are possible . For example , substitutions , additions , or 
and the following description to refer to the same or similar modifications may be made to the elements illustrated in the 
elements . 50 drawings , and the methods described herein may be modi 

In the following detailed description , numerous specific fied by substituting , reordering , or adding stages to the 
details are set forth by way of examples in order to provide disclosed methods . Thus , nothing in the foregoing descrip 
a thorough understanding of the relevant teachings . How tion is intended to imply that any particular feature , char 
ever , it should be apparent to those skilled in the art that the acteristic , step , module , or block is necessary or indispens 
present teachings may be practiced without such details . In 55 able . Indeed , the novel methods and systems described 
other instances , well known structures , components and / or herein may be embodied in a variety of other forms ; fur 
functional or structural relationship thereof , etc. , have been thermore , various omissions , substitutions , and changes in 
described at a relatively high - level , without detail , in order the form of the methods and systems described herein may 
to avoid unnecessarily obscuring aspects of the present be made without departing from the spirit of the invention or 
teachings . 60 inventions disclosed herein . Accordingly , the following 

Throughout the specification and claims , terms may have detailed description does not limit the disclosure . Instead , 
nuanced meanings suggested or implied in context beyond the proper scope of the disclosure is defined by the appended 
an explicitly stated meaning . Likewise , the phrase “ in one claims . 
embodiment / example ” as used herein does not necessarily For purposes of this disclosure , the terms “ upper ” , 
refer to the same embodiment and the phrase " in another 65 “ lower ” , “ right ” , “ left ” , “ rear ” , “ front ” , “ vertical ” , “ horizon 
embodiment / example ” as used herein does not necessarily tal ” and derivatives thereof shall relate to the invention as 
refer to a different embodiment . It is intended , for example , oriented in the figures . However , it is to be understood that 
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the invention may assume various alternative orientations frame 360 in a manner so that the permeable tensioned film 
and step sequences , except where expressly specified to the 330 is suspended above the media layer 330a . 
contrary . It is also to be understood that the specific devices Accordingly , a reservoir assembly 300 for use in three 
and processes illustrated in the attached drawings , and dimensional printing may typically comprise of a top frame 
described in the following specification are simply exem 5 320 having a cavity ( see for example cavity 322 in FIG . 3 ) 
plary embodiments of the inventive concepts defined in the with an aperture ( see for example aperture 325b in FIG . 4 ) 
appended claims . Hence , specific dimensions and other defined on a bottom edge of the top frame 320 , the cavity 
physical characteristics related to the embodiments dis 322 configured to be at least partially filled with a photo 
closed herein are not to be considered as limiting , unless the sensitive liquid ; a permeable tensioned film 330 stretchily 
claims expressly state otherwise . 10 coupled to the aperture 325b so as to hold the photosensitive 
As used in this disclosure , the term " comprise ” and liquid within the cavity of the top frame 320 ; a bottom frame 

variations of the term , such as " comprising ” and “ com 360 including a transparent or semi - transparent rigid sub 
prises , ” are not intended to exclude other additives , compo strate 350 , the bottom frame 360 configured to register with 
nents , ingredients or steps . the top frame 320 ; and a media layer 330a disposed between 

The present disclosure relates to , among other things , an 15 the permeable tensioned film 330 and the rigid substrate 350 
apparatus , system and method for use in three - dimensional of the bottom frame 360 in a manner so that the permeable 
printing for building a 3D object . Exemplary embodiments tensioned film 330 is suspended above the media layer 330a . 
of the present disclosure are described with reference to the Turning now to the next set of figures , FIG . 3 is a top 
drawings for illustration purposes and are not intended to perspective view of a top frame of a reservoir assembly 
limit the scope of the present disclosure . 20 according to an exemplary embodiment of the present 

Turning now to the figures , and particularly to FIG . 1 , an invention ; FIG . 4 is a bottom perspective view thereof ; FIG . 
exemplary system for use in three - dimensional printing in 5 is a cross - sectional view thereof ; and FIG . 5A is a diagram 
accordance with the present invention is depicted . More showing an exemplary cross - section of top frame 320 
specifically , FIG . 1 illustrates system 100 comprising a light coupled to a portion of bottom frame 360 of reservoir 
source 101 , such as a projector or a laser , being controlled 25 assembly 300 . 
by a computer 200 , and a reservoir assembly 300 . FIG . 3 through FIG . 5 depict the top frame 320 , wherein 

Computer 200 may be any type of computer suitable for the top frame 320 is arranged to fill with and hold a 
3D printing such as a 3D modeling computer , wherein a predetermined liquid material , such as resin or any other 
computer - aided design program and / or software may be material that is photosensitive and suitable for 3D printing . 
installed to configure a 3D object with coordinates in 3D 30 The top frame 320 , together with the tensioned film 330 , 
space . The data of coordinates of the 3D object may be creates a container for the liquid material to reside in during 
typically transferred to the computer 200 , wherein the data the printing process . The top frame 320 has a top opening 
is further processed to obtain geometric profiles for each 321 and a cavity 322 , wherein the cavity 322 has a depth 
slicing layer that makes up the 3D object . The light source difference between the peripheral portion and the central 
101 may be generally controlled by the computer 200 to 35 portion , so that the cavity 322 of top frame 320 defines a 
selectively illuminate a liquid material surface or resin peripheral shallow portion 322a and a center deep portion 
surface within reservoir assembly 300 . 322b . This design , in accordance with some exemplary 

Turning now to the next figure , FIG . 2 illustrates an embodiments of the present invention , defines a region ( for 
exploded perspective view of a reservoir assembly of an example , the center deep portion 322b within cavity 322 ) for 
exemplary system according to the present invention . More 40 the liquid material to easily accumulate in , which facilitates 
specifically , FIG . 2 depicts reservoir assembly 300 , which is efficient use of available liquid material . 
configured to facilitate polymerizing a resin or photosensi As may be appreciated from FIG . 5 discussed below , in 
tive liquid material disposed over a permeable tensioned some exemplary embodiments , the cavity 322 may be ini 
film ; as will be discussed in more detail below , the perme tially defined by an inner side wall 323a of top frame 320 
able tensioned film may be selectively textured , non - stick 45 that extends downward from a top perimeter 320a of top 
and elastic at the same time . frame 320 to a first inner surface or peripheral shallow 

Generally , reservoir assembly 300 comprises a lid 310 , a portion 322a ; cavity 322 is further defined by an edge 323b 
top frame 320 , a tensioned film 330 , a tensioning ring 340 , of the peripheral shallow portion 322a which terminates the 
a rigid substrate 350 , and a bottom frame 360 coupled with peripheral shallow portion 322a to form a deep inner side 
each other from top to bottom . As will be discussed further 50 wall 323c that perimetrically defines aperture 325b that 
below , in some exemplary embodiments , the tensioned film when covered with the tensioned film 330 forms or defines 
300 ( for example , and without limitation , a permeable the center deep portion 322b of the cavity 322 of the top 
selectively textured , non - stick and elastic tensioned film ) , frame 320. In exemplary embodiments , deep inner side wall 
may be wrapped around the tensioning ring 340. In other 323c maybe slanted slightly so that a top region of the deep 
exemplary embodiments , tensioning and securing tensioned 55 inner side wall has a greater perimeter than a bottom region 
film 330 to top frame 320 may comprise using high perfor of the deep inner side wall 323c . As mentioned above , this 
mance elastic double - sided adhesives to secure the tensioned staggered or step configuration helps collect the liquid 
film 330 to the tensioning ring 340 or another portion of the material at the center deep portion 322b of the reservoir , 
top frame 320. Because in some exemplary embodiments which facilitates the utilization of the liquid material in the 
supplying a gas through the permeable tensioned film 330 60 reservoir assembly 300. Without this feature , the liquid 
may be advantageous , the reservoir assembly 300 may material may spread to an entire reservoir surface , requiring 
further comprise a gas supplying module 390 having a gas more liquid material to be held in the reservoir assembly 300 
outlet ( not shown ) connected thereto for supplying gas , such for the same print job . As such , in exemplary embodiments , 
as air or oxygen , to the bottom of the tensioned film 330 . deep portion 322b of cavity 322 is configured to collect the 
Typically , as better shown in other views discussed below , a 65 photosensitive liquid within the reservoir assembly 300 , the 
media layer 330a may be disposed between the permeable deep portion 322b defined by : peripheral shallow portion 
tensioned film 330 and the rigid substrate 350 of the bottom 322a extending from inner side wall 323a of the top frame 
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320 to a curving edge 323b ; and a deep inner side wall 323c peripheral portion of the deep inner side wall 323c of the top 
extending from the curving edge 323b that perimetrically frame 320. The holding edge 325a forms a structural base to 
defines the aperture 325b . retain the tensioned film 330 in a manner such that the 

In exemplary embodiments , reservoir assembly 300 may tensioned film 330 is held underneath the top frame 320 in 
include a cover , for example and without limiting the scope 5 a tensioned manner . 
of the present invention , reservoir assembly 300 may In accordance with some exemplary embodiments of the 
include lid 310 , which may be placed on top of the top frame present invention , a reservoir assembly 300 for use in 
320 to enclose cavity 322 of top frame 320 of the reservoir three - dimensional printing , may include : a top frame 320 
assembly 300 and protect the liquid material filled therein . having a cavity 322 with an aperture defined on a bottom 

In some exemplary embodiments , top frame 320 may 10 edge of the top frame 320 , the cavity 322 configured to be 
further comprise one or more liquid volume indicators 323 at least partially filled with a photosensitive liquid ; a ten 
at the peripheral shallow portion 322a of the cavity 322 to sioned film 330 ( that may be preferably a permeable film ) 
indicate the volume of the liquid material within cavity 322 . stretchily coupled to the aperture so as to hold the photo 
In some exemplary embodiments , the liquid volume indi sensitive liquid within the cavity 322 of the top frame 320 ; 
cator 323 is one or more visual guides that may be formed , 15 a bottom frame 360 including a transparent or semi - trans 
etched , carved , painted , labeled , or otherwise marked on parent rigid substrate 350 , the bottom frame 360 configured 
different surfaces of the peripheral shallow portion 322a of to register with the top frame 360 ; and a media layer 330a 
the cavity 322 to visually provide users with an indication of sandwiched between the permeable tensioned film 330 and 
how much liquid material is available for printing . For the rigid substrate 350 of the bottom frame 360. While in 
example , and without limiting the scope of the present 20 some exemplary embodiments film 330 may be wrapped 
invention , because peripheral shallow portion 322a may be , around holding rim 325 to achieve a suitable tension , in 
in some exemplary embodiments of the present invention , other exemplary embodiments , a high performance elastic 
generally slightly slanted towards the center deep portion double - sided adhesive may be implemented around a bottom 
322b formed within the cavity 322 of top frame 230 , a first surface of top frame 320 ( for example , and without limiting 
indicator for indicating a maximum liquid material capacity 25 the scope of the present invention , at or about holding rim 
may be situated on an edge between the peripheral shallow 325 ) . In yet other exemplary embodiments , tensioned film 
portion 322a and inner side wall 323a of top frame 320 ; a 330 may be both wrapped around holding rim 325 and 
second indicator for indicating a medium liquid material secured to a portion of top frame 320 using an adhesive 
capacity may be situated on the peripheral shallow portion component as mentioned above . Whatever the tensioning 
322a some distance between inner side wall 323a of top 30 process that may be employed in accordance with the 
frame 320 and an edge 323b of the peripheral shallow present invention , the tensioning may be achieved in a hot 
portion 322a ; and a third indicator for a minimum liquid liquid or hot air chamber . As may be appreciated by a person 
material capacity may be situated the edge 323b of the of ordinary skill in the art , performing the tensioning pro 
peripheral shallow portion 322a where the peripheral shal whether wrapping , adhering , or a combination of 
low portion 322a terminates and deep inner side wall 3230 35 both upon cooling , the film may achieve a maximum 
perimetrically defines the center deep portion 322b . tension . 

In some exemplary embodiments , top frame 320 may In order to improve the tensioning of tensioned film 330 , 
further comprises one or more hand grips 324 extended an exemplary assembly process in accordance with the 
peripherally and outwardly to help remove reservoir assem present invention may be employed . An exemplary assem 
bly 300 from the printer fixture and place it back in position . 40 bly process is shown in more detail and explained with 

In FIG . 4 and FIG . 5 , other characteristics of some reference to FIG . 10A - FIG . 10B , which illustrate two views 
exemplary embodiments of top frame 320 may be appreci that generally describe the process of assembling a tensioned 
ated . For example , in some exemplary embodiments such as film on the top frame , according to the present invention . 
the one presently shown , the top frame 320 and more In exemplary embodiments of the present invention , 
specifically an outer surface of the deep inner side wall 323C 45 tensioned film 330 may be a Selectively Textured Elasto 
may form a holding rim 325 that supports tensioned film 330 meric Membrane ( STEM ) film that has a non - stick surface . 
and acts as a sealing wall to prevent any liquid material from In some exemplary embodiments , the STEM film may 
spilling between the top frame 320 to the bottom frame 360 . include Polymethylpentene ( PMP ) . The material is com 
In some exemplary embodiments , film 330 may be wrapped monly referred to as TPX® , which is a trademark of Mitsui 
around holding rim 325 to achieve a suitable tension . In 50 Chemicals . The material may be typically used in gas 
other exemplary embodiments , a high performance elastic permeable packing industry . Polymethylpentene melts at 
double - sided adhesive may be implemented around a top 2235 ° C. , and it has a density of about 0.84 g / cm ” . The gas 
surface of tensioning ring 340 and or a bottom surface of top permeability of TPX® may be around 30 Barrer . In some 
frame 320 — for example along the channel 325c formed by exemplary embodiments , a PMP material is transparent , but 
holding rim 325 that is configured to receive tensioning ring 55 the surface of the PMP material may be textured to provide 
340 — in order to secure the tensioned film 330 to top frame an improved non - stick property . 
320 in a manner that seals cavity 322 an prevents any liquid Implementation of a STEM film for tensioned film 330 
material stored within top frame 320 from spilling . For may provide several advantages . Typical Stereolithography 
example , and without limiting the scope of the present systems either use flexible films ( PTFE ) that flexes and 
invention , in exemplary embodiments that employ such 60 causes the separation of the polymerized sections or an 
adhesive , a high performance elastic double - sided adhesive oxygen - permeable gel type material , e.g. , Polydimethylsi 
tape such as the 3MTM VHBTM Tape 4952 may be employed ; loxane ( PDMS ) , that creates the inhibition of the polymer 
such component may be useful because the adhesive tape ization process at its surface and leads to a minimal sepa 
can replace mechanical fasteners or liquid adhesives and ration force . In some exemplary embodiments of the present 
generally creates a permanent seal to keep the liquid mate- 65 invention , however , tensioned film 330 may be a STEM film 
rial within cavity 322 of top frame 320. Typically , holding that integrates the advantages from both PTFE films as well 
rim 325 includes a holding edge 325a that meets the bottom as oxygen - permeable gel type materials such as PDMS . For 

cess 
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example , and without limiting the scope of the present covered by the platform or previously polymerized section 
invention , tension film 330 may include a STEM film that below the platform . In some exemplary embodiments , media 
includes PMP so as to provide a greater gas permeability that layer 330a may be configured such that during its deforma 
creates a minimal suction force ; moreover , a STEM film that tion caused by the tensioned film 330 being pushed towards 
includes PMP flexes as a part arm ( i.e. a platform of system 5 the rigid substrate 350 , other areas of the media layer 330a 
100 such as exemplary platform 400 ) pulls up and the part that are not covered by the platform or previously polym 
( being printed or fabricated using system 100 ) starts to erized section below the platform of the system 100 , retain 
separate from the part arm . The STEM film that includes an original geometry . In any event , in some exemplary 
PMP generally includes a high yield stress which makes it embodiments of the present invention , as shown by way of 
rigid while allowing for fast energy recovery . The PMP 10 example in FIG . 11A - FIG . 11D , the thickness difference 
material also allows the molecules of oxygen to pass through between the portion of the media layer 330a that is com 
the tensioned film 330 to create an anti - cure effect that is pressed and the non - compressed media layer may create a 
similarly desirable . curvature on the tensioned film 330 having a tangent angle 

In some exemplary embodiments , in order to fully benefit of approximately between 2 ° -4 ° . Then , during the separation 
from both flexibility and gas permeability , a media layer 15 process , when the pressure is released , the tensioned film 
330a may be employed . For example , and without limiting 330 and the media layer 330a tend to recover their original 
the scope of the present invention , in some exemplary states . The detachment of the tensioned film 330 from the 
embodiments tensioned film 330 is a STEM film comprising media layer 330a or the transparent rigid substrate 330 first 
PMP that is suspended over a media layer 330a , wherein the starts at the border ( curved area ) , and then propagates 
media layer 330a is disposed between a top surface 350b of 20 towards the center until completely separated . The curvature 
the transparent rigid substrate 350 and a bottom surface caused by the difference in height helps to convert a sepa 
332a of the tensioned film 330 ( see for example FIG . 5A ) . ration in normal direction into a peeling process , where the 
In exemplary embodiments , as shown in FIG . 5A , the later one is much easier to realize in terms of the magnitude 
bottom surface 332a of tensioned film 330 may be a textured of the force . When air , or oxygen , is introduced through the 
or micro - textured surface as described in this disclosure in 25 tensioned film 330 to the bottom of the liquid material , the 
order to provide various benefits as will be discussed below . liquid material is not fully polymerized , therefore there is a 
Notably , without media layer 330a , a secondary suction thin layer of liquid resin between the polymerized sections 
force between tensioned film 330 and rigid substrate 350 and the tensioned film 330 which can reduce the suction 
may make separation more stringent and thus slow down the forces of the polymerized section for the separation of the 
process and efficiency of system 100 . 30 polymerized sections from the reservoir assembly 300 . 

In some exemplary embodiments , media layer 330a could Accordingly , in some exemplary embodiments , the reservoir 
be in the form of a gas . For example , and without limiting assembly 300 may further comprise a gas supplying module 
the scope of the present the gas may include air , 390 having a gas outlet connected thereto for supplying gas , 
nitrogen , or oxygen . In some exemplary embodiments , such as air or oxygen , to the bottom of the tensioned film 
media layer 330a could be in the form of a liquid . For 35 330 . 
example , and without limiting the scope of the present As mentioned above , the tensioned film 330 is coupled at 
invention , the liquid may include water , or oil . In some the bottom of the cavity 322 of the top frame 320 to retain 
exemplary embodiments , media layer 330a could be in the the liquid material therein , wherein the liquid material 
form of a semi - liquid material . For example , and without cannot pass through the tensioned film 330 from its top 
limiting the scope of the present invention , the semi - liquid 40 surface to its bottom surface . The tension and strength of the 
material may include a gel , or any other rubber like mate tensioned film 330 should be strong enough to hold the 
rials . In exemplary embodiments , employing medial layer liquid material within the cavity 322 of the top frame 320 
330a may be achieved through the assembly process by , for without penetrating through the tensioned film 330 to the 
example and without limiting the scope of the present rigid substrate 350 and bottom frame 360. On the other hand , 
invention , leaving a desired clearance between a top surface 45 the air is able to pass through the tensioned film 330 due to 
350b of the transparent rigid substrate 350 and a bottom the gas permeability of the tensioned film 330 , wherein the 
surface 332 of the tensioned film 330 . air is guided to penetrate through the tensioned film 330 

In exemplary embodiments , a typical thickness of media from the bottom surface to the top surface . Therefore , the 
layer 330a may be between 0.05 mm to 0.25 mm . Notably , oxygen in the air will prevent polymerization at the top 
too great of a thickness may affect accuracy of some 50 surface of the tensioned film 330. As mentioned above , this 
Stereolithography - based 3D printing systems , whereas too will reduce the suction force as the liquid material is not 
small of a thickness may not significantly facilitate the fully polymerized at the bottom of the reservoir , and there 
separation process . This may be apparent upon illustration of fore , reduce the adhesion force between the newly solidified 
what occurs during the separation process : Before the pro section and the top surface of the tensioned film 330. In this 
jection starts at a specific layer , a previously polymerized 55 way , the 3D object being formed may be easily separated 
section or even a bottom surface of an elevator platform ( see from the tensioned film 330 in a manner that prevents 
for example FIG.9 ) and a top surface 331 of the tension film surface damage of the 3D object during the separation 
330 will sandwich a thin layer of liquid material such as a process . 
photosensitive resin within cavity 322 of top frame 320 . In some exemplary embodiments , the tensioned film 330 
Because of the pressure from the elevator platform , the 60 may be semi - transparent , micro - textured to create a matte 
tensioned film 330 , directly suspended over media layer finish . In such exemplary embodiments , the surface finish 
330a , will be pushed towards the rigid substrate 350 to for the overall texture of the textured surface may be 
contact or substantially contact the rigid substrate 350. Due between 0.2 um to 0.4 um thick . Such textured surface may 
to the existence of the media layer 330a which is usually soft provide multiple benefits - for example , and without limit 
and compressible , the pressure caused by the tensioned film 65 ing the scope of the present invention one benefit may be 
330 being pushed towards the rigid substrate 350 will to create a non - stick and or hydrophobic surface that reduces 
deform the media layer 330a at least to the extent of an area the adhesion of the polymerized parts to the tensioned film 
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330 ; the textured surface minimizes the creation of bubbles during separation . This is because tensioned film 330 may 
between the tensioned film 330 and the transparent rigid deform and along with the 3D printed object being printed . 
substrate 350. The textured surface also helps to blur the The deformation may be for a certain distance until fully 
boundaries of the projected patterns , which enhances the detached from the object . The travel of this distance takes 
surface finish of the fabricated parts . To these same ends , in 5 time to finish , and it happens in every printing cycle . 
some exemplary embodiments , the transparent rigid sub Therefore , it adds additional time to the entire cycle . 
strate 350 may also include a semi - transparent element with Accordingly , in exemplary embodiments , a glue layer with 
a predefined texture to blur the boundaries further to have a substantial thickness may be used as media layer 330a to 
type of analogue anti - aliasing effect that smoothes the edges prevent tensioned film 330 from flexing undesirably . The 
of the projected patterns and thus facilitates fabrication of 10 type of glue used as media layer 330a may be in a semi 
smoother 3D objects . liquid state , have a high durometer number , be rubber like , 

Tensioned film 330 is preferably retained in a tensioned be capable of absorbing and containing oxygen in it , and or 
manner for several reasons . Primarily , PMP , PPT , PPE or otherwise suitable for generating a desirable flexibility of 
any other material with properties suitable for tensioned film tensioned film 330. Moreover , the glue layer may act as a 
330 will typically allow a better diffusion of oxygen mol- 15 cushion when a part is pressed on it , further preventing the 
ecules when the material is stretched . In some exemplary tensioned film 330 from flexing undesirably . 
embodiments , a thickness of a tensioned film 330 compris It should be appreciated that the tensioned film 330 can be 
ing PMP may be between 0.05 mm and 1 mm when integrated with the tensioning ring 340 to omit the screw 
stretched . Stretching or tensioning also creates a flat surface engagement therebetween . The periphery of the tensioned 
while polymerization happens . Tensioning may be achieved 20 film 330 may be pre - mounted at the tensioning ring 340 to 
by various methods without limiting the scope of the present retain the tensioned film 330 in a tension manner . Likewise , 
invention , however , in some exemplary embodiments , struc at least a portion of the tensioning ring 340 can be made of 
tural components may facilitate tensioning . For example , a elastic material to apply an elastic stretching force to the 
structural design of the bottom section of the top frame 320 tensioned film 330 to retain the tensioned film 330 in a 
as shown in FIG . 4 may include features or characteristics 25 tensioned manner . 
that facilitate a stretched , tensioned configuration of ten In exemplary embodiments , transparent rigid substrate 
sioned film 330 . 350 may be a piece of glass , or any other optically clear flat 

In exemplary embodiments , tensioned film 330 is secured material , such as but not limited to a polycarbonate , acylates 
on the bottom of the top frame 320 at first , and then the panel that has a flat transparent surface . The transparent rigid 
tensioning ring 340 , as shown in FIG . 2 , which is made from 30 substrate 350 may be arranged or positioned underneath the 
metal or plastic , may be placed on top of it . Since the tensioned film 330 , and configured to support the tensioned 
tensioned film 330 is rigid and has a substantial thickness film 330 when a 3D object is being printed thereon . The 
( 125 microns - 500 microns ) , it is difficult to stretch . Thus , in tensioned film 330 may sit directly on the rigid substrate 350 
some exemplary embodiments , it may be desirable to apply due to the weight of the 3D object . 
heat . Applying heat may preferably include uniformly 35 Preferably , although not necessarily , air can flow freely 
applying heat to tensioned film 330 in order to soften the between the bottom of the tensioned film 330 and the rigid 
tensioned film 330 on the edges , and subsequently stretch substrate 350 , so that oxygen in the air can penetrate from 
tensioned film 330 from all edges — for example uniformly the bottom side of the tensioned film 330 to the top side of 
from all 4 edges of a rectangular tensioned film 330 . the tensioned film 330 due to the permeability of the 
Subsequently , tensioned film 330 may be fastened , for 40 tensioned film 330. The oxygen can be utilized to prevent the 
example in the shown embodiment by screws , to secure liquid photosensitive resin at the interface of the tensioned 
tensioned film 330 in place . Typically , screws may puncture film 330 from being fully polymerized . To these ends , in 
tensioned film 330 and secure the film in place . Accordingly , some exemplary embodiments , a flow of air attributes to air 
in some exemplary embodiments , tensioning ring 340 may channels such as air channels 350a , which may be indented 
include a plurality of screw holes formed around its perim- 45 on the top surface of the rigid substrate 350. The air can pass 
eter in order to receive the screws therein . In exemplary along the air channels 350a to the bottom side of the 
embodiments , a thickness of tensioned film 330 may be tensioned film 330. The air channels 350a may be extended 
selectively configured depending on the weight of the liquid and spaced apart from each other along the longitudinal and 
material being used and the 3D object to be printed . transverse directions of the rigid substrate 350. In exemplary 

In exemplary embodiments , in order to apply sufficient 50 embodiments , the air channels 350 interconnect with each 
tensioning on the tensioned film 330 , a pre - tensioned ten other so that the air or oxygen may be distributed uniformly 
sioned film 330 such as a STEM film may be sandwiched at the bottom of the tensioned film 330 ; at the same time , 
between the top frame 320 and the tensioning ring 340 , rigid substrate 350 may still provide a solid flat surface to 
employing fasteners to hold the STEM film in place in a support the tensioned film 330 . 
tensioned state . The top frame 320 , the tensioned film 330 55 In some exemplary embodiments , air channels 350a may 
and the tensioning ring 340 are coupled together to form a be formed by curving grooves on the top surface 350b of the 
reservoir for the liquid material , such that the tensioning ring rigid substrate 350. Meanwhile , due to the texture on the 
340 supports the tensioned film 330 so as to form a base sides of the tensioned film 330 , when the tensioned film 330 
structure to support the liquid material therein . This has sits on the rigid substrate 350 , there still exist small gaps 
advantages over other devices that may use a base frame 60 between the bottom side of the tensioned film 330 and the 
instead of a tensioned film to support the liquid material . rigid substrate 350 at certain locations . These small gaps 
Moreover , incorporating tensioning ring 340 makes the also facilitate the air flow between the tensioned film 330 
entire top container more space efficient , and easier to and the rigid substrate 350 during printing . 
assemble . The replenishment of the liquid material ( such as a 

In fast 3D printing approaches requiring quicker printing 65 photosensitive resin ) during printing is determined by the 
cycles and in which rapid replenishment of resin is required , fluidity of the material which highly depends on the tem 
the flexibility of tensioned film 330 tends to be problematic perature , with low temperature compromising the resin 
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replenishment . Also , low resin temperatures slow down the is completely separated from the bottom of the top container , 
rate of reaction . Therefore , in cold environments , heating the the top container goes back to its original position and waits 
liquid material in the reservoir assembly 300 to the room for the next printing cycle . 
temperature increases the consistency of the polymerization The bottom frame 360 has a loop form defining a holding 
behavior , and also facilitate the rate of reaction . To these 5 cavity 362 therewith in , wherein the rigid substrate 350 is 
ends , in exemplary embodiments , a metallic heat module supported within the holding cavity 362 of the bottom frame 
370 may be placed between the rigid substrate 350 and the 360. The tensioning ring 340 is supported on the bottom 
bottom frame 360 , as shown in FIG . 2. When heat module frame 360 to cover the holding cavity 362. The gas outlet of 
370 is turned on , it generates heat and conducts the heat to the gas supplying module 390 is connected to the bottom 
the rigid substrate 350 which is in direct contact with the 10 frame 360 to supply the gas at the bottom side of the 

tensioned film 330 . heat module 370. The rigid substrate 350 further transfers In one embodiment , the reservoir assembly 300 further the heat to the liquid photosensitive resin through media comprises one or more removable filters 380 that can be layer 330a and the tensioned film 330 . placed underneath the bottom container 360 of the reservoir 
FIGS . 6 to 8 depict the bottom frame 360 that works as the 15 assembly 300. Such removable filters 380 have predefined base of reservoir assembly 300. Bottom frame 360 holds the texture and thickness to control how much the image is 

optically clear rigid substrate 350 , which in exemplary being blurred to enhance the surface finish further . The 
embodiments comprises a clear glass structure that is used to removable filters 380 are developed for different types of 
create a flat polymerization surface for the tensioned film applications . If an application requires less on details and 
330. The bottom frame 360 may comprise one or more 20 more on the surface finish , a more textured filter may be 
sliding hooks 361 provided at the bottom side of the bottom used . If an application requires a moderate surface enhance 
frame 360 , wherein the sliding hooks 361 are used to secure ment and a sharper image , a filter with less texture may be 
the reservoir assembly 300 on the cradle of the 3D printer applied . Such enhancement could be obtained by having the 
itself . The sliding hooks 361 prevent the reservoir assembly removable filter 380 with various thicknesses . This will 
300 from moving upward during the separation process . 25 define how far the texture is being placed from the focal 
Other mechanisms could also be used , such as clamps , point of the light processing device , so it determines how 
fasteners , screws , and other more complex systems , includ much the image is being blurred and affecting the final 
ing but not limited to magnetic systems . In exemplary surface enhancement . 
embodiments , bottom frame 360 together with rigid sub A system 100 for three - dimensional printing , in accor 
strate 350 can be coupled with top frame 320 and tensioned 30 dance with exemplary embodiments of the present inven 
film 330 by fasteners , such as screws and rivet . tion , may include : a computer 200 coupled to a light source 

In some exemplary embodiments , bottom frame 360 and 101 including instructions for selectively illuminating a 
top frame 320 may employ at least one fastening mechanism photosensitive liquid in accordance with a geometric profile 
or other similar force - generating mechanisms such as of a three - dimensional ( 3D ) object , the light source for 
springs 450 , as shown in FIG . 12A - FIG . 12C . In this case , 35 polymerizing the photosensitive liquid and forming a 
when a platform starts to move up after the current layer ( i.e. polymerized section of the 3D object ; and a reservoir 
that forms part of the 3D object being printed ) is cured , the assembly 300 adapted to receive the light source 101 , 
top frame travels with the platform due to the bonding force comprising : a top frame 320 having a cavity 322 with an 
between the current cured section and the tensioned film aperture defined on a bottom edge of the top frame 320 , the 
330. Therefore , springs 450 coupled to the top frame 320 40 cavity 322 configured to be at least partially filled with the 
and the bottom frame 360 elongate and tend to recover their photosensitive liquid ; a permeable tensioned film 330 
original states . Since the bottom frame 360 is typically stretchily coupled to the aperture so as to hold the photo 
secured ( i.e. against the 3D printer ) , the force generated sensitive liquid within the cavity 322 of the top frame 320 ; 
from the elongation of the springs aids in pulling back the a bottom frame 360 including a transparent or semi - trans 
top frame 320 towards bottom frame 360. Thus , this spring 45 parent rigid substrate 350 , the bottom frame 360 configured 
fastening mechanism is also a force - generating mechanism to register with the top frame 320 ; and a media layer 330a 
that facilitates the separation process . Accordingly , in exem sandwiched between the permeable tensioned film 330 and 
plary embodiments , a reservoir assembly may comprise at the rigid substrate 350 of the bottom frame 360 . 
least one force - generating mechanism , for example and FIG . 9 is a schematic view showing an exemplary opera 
without limiting the scope of the present invention , at least 50 tion of a system in accordance with the present invention . 
one spring coupled to a portion of a top frame and a portion More specifically , FIG . 9 depicts system 100 , including an 
of a bottom frame , configured to facilitate a separation elevator platform 400 that is partially submerged into a 
process during three - dimensional printing . portion of top frame 320 of the reservoir assembly 300 and 

In one embodiment , the bottom frame 360 and the top is located above the tensioned film 330. When light from 
container can be integrated without any mechanical fastener . 55 light source 101 is projected from the bottom of the reservoir 
In this case , an actuator , such as a solenoid or linear stepper assembly 300 , the light will transmit through the tensioned 
motor may be used to connect the bottom frame 360 and the film 330 to the bottom side of the elevator platform 400 . 
top container . Since the exposure cycle is predetermined , the Then , the resin sandwiched between the elevator platform 
movement of the top container which is activated by the 400 and the tensioned film 330 is polymerized to form a 
actuator can be synchronized with movement of the plat- 60 cured layer of the 3D object , i.e. , the polymerized section 10 
form . When current layer is finished and the platform starts thereof , at the bottom side of the elevator platform 400 
to move up , the top container travels towards the same above the tensioned film 330. At the same time , air or 
direction but with a lower speed . By doing this , the sepa oxygen is introduced and is penetrated through the tensioned 
ration force is mitigated because of the low relative speed film 330 from the bottom side to the top side , so the resin at 
between the top container and the platform . This also helps 65 the top surface of the tensioned film 330 is not fully 
to alleviate the impact on the bonding between the attach polymerized . Therefore , a thin layer of photosensitive resin 
ment layer and the platform . When the current cured section 20 still remains as liquid between the newly cured layer of 
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the 3D object ( polymerized section 10 ) and the tensioned ates micro - channels in which no resin resides , and therefore , 
film 330 which will reduce the suction force for separating an overall adhesion force is lower . 
the cured layer of the 3D object from the tensioned film 330 . Yet another unique aspect of the invention includes com 
Once the cured layer of the 3D object is formed at the bottom ponents and methods that facilitate a type of anti - aliasing 
side of the elevator platform 400 , the elevator platform 400 5 effect that may be desirable when printing 3D objects . By 
is elevated to uplift the cured layer of a 3D object . Since the way of illustration , it is worth explaining that DLP Stereo 
elevator platform 400 is lifted , resin within the top frame lithograpy , for example , works with pixels . Therefore , alias 
320 will fill into the gap between the newly cured layer ing of the pixels is problematic for curved cross - sections , 
( polymerized section 10 ) of the 3D object and the top side and affects the surface area . When the bottom surface of the 
of the tensioned film 330. The liquid resin will then be 10 tensioned film 330 is textured , the texturing blurs the bound 
polymerized via the light to form a subsequent cured layer aries of patterns in images , and creates an anti - aliasing effect 
under the current cured layer . In other words , the uplift force by smoothing out edges of the 3D printed object being 
of the elevator platform 400 will not break the cured layers created . 
of the 3D object via the suction force during the operation . Now with reference to FIG . 10A - FIG . 10B , an exemplary 
Therefore , the cured layers can be successively formed 15 tensioning method is described . That is , in order to obtain a 
underneath the elevator platform 400 until the entire 3D consistent mechanical response at all locations on ten 
object is finished . sioned film , it is desirable to tension the tensioned film 

The present invention further provides a method of build uniformly . For example , turning first to FIG . 10A a general 
ing a 3D object via the reservoir assembly 300 , wherein the method 1000 for tensioning a film on a reservoir assembly 
method comprises the following steps . 20 in accordance with the present invention is shown . Although 

( 1 ) Dispose the tensioned film 330 ( i.e. , the air permeable method 1000 is shown in a particular sequence of steps , 
film ) at the bottom of the cavity 322 of the top frame 320 of other conceivable sequence of the steps may be practiced 
the reservoir assembly 300. The tensioned film 330 is held without deviating from the scope of the present invention . 
at the bottom side of the top frame 320 via the holding rim In an exemplary embodiment , method 1000 comprises : 
325 . 25 step 1001 in which a top frame of a reservoir assembly may 

( 2 ) Fill the liquid resin in the cavity 322 of the top frame be flipped so that an aperture along a bottom portion of the 
320. It is worth mentioning that the tensioned film 330 top frame is exposed . In this step , a permeable tensioned film 
prevents the liquid resin passing from the top side of the may be disposed over the aperture so as to cover a cavity of 
tensioned film 330 to the bottom side thereof . Also , heat is the top frame , wherein the cavity is configured to be at least 
applied to heat the liquid resin in the cavity 322 of the top 30 partially filled with a photosensitive liquid . In exemplary 
frame 320 via the heat transfer module 370 . embodiments , this step may be performed in a hot liquid 

( 3 ) Project the light from the bottom of the reservoir bath or a hot air chamber so as to allow the film to expand 
assembly 300 via the light source 101 to polymerize the when being stretched over the aperture of the bottom section 
liquid resin above the tensioned film 330 in order to form a of the top frame . 
polymerized section 10 of the 3D object . In step 1002 , the film may be stretched so that the film 

( 4 ) During the polymerization , introduce the gas to the may be stretchily coupled to the aperture in a manner to 
reservoir assembly 300 that the gas penetrates from the create a seal between the film and a portion of the top frame , 
bottom side of the tensioned film 330 to the top side thereof so that the film will hold the photosensitive liquid within the 
to prevent a thin layer 20 of the liquid resin above the cavity of the top frame , and the tensioned film may be 
tensioned film 330 from being fully polymerized for reduc- 40 suspended above a media layer disposed between the ten 
ing the suction force of the polymerized section of the 3D sioned film and a transparent or semi - transparent rigid 
object . substrate of a bottom frame of the reservoir assembly ( as 

( 5 ) Elevate the polymerized section 10 of the 3D object discussed above ) . In this step , a tensioning component may 
via an elevator platform 400. The liquid resin will fill into be placed and briefly positioned on top of ( i.e. a bottom 
the gap between the polymerized section 10 of the 3D object 45 surface of ) the tensioned film prior to securing the tensioned 
and the tensioned film 330 for being polymerized . film to the top frame . As mentioned with reference to step 

( 6 ) Repeat the steps ( 4 ) to ( 5 ) until the entire 3D object is 1001 , in exemplary embodiments , this step 1002 may also 
completed . be performed in a hot liquid bath or a hot air chamber so as 

The unique methods and features of the reservoir assem to allow the film to expand when being stretched and 
bly 300 include but are not limited to the following : 50 coupled over the aperture of the bottom section of the top 

First , the type of tensioned film 330 that may be used in frame . 
accordance with the present invention - for example a In step 1003 , the tensioned film may be secured to the top 
STEM film is simultaneously air permeable and elastic . frame in a manner such that the tensioned film is stretchily 
The permeability creates a thin layer of photosensitive resin coupled to the aperture to form a seal suitable for holding a 
at the top surface of the tensioned film 330 which is not fully 55 photosensitive liquid within the cavity of the top frame . In 
polymerized . This thin layer of liquid photosensitive resin some exemplary embodiments , the tensioned film may be 
helps to reduce the adhesion force between the cured section wrapped around a portion of the top frame ( as mentioned 
and the tensioned film 330. The elasticity creates the action above ) to achieve a suitable tension . In other exemplary 
of peeling to break the suction force . embodiments , a high performance elastic double - sided 

Moreover , in exemplary embodiments as mentioned 60 adhesive may be implemented around a portion of the top 
above , both surfaces of the tensioned film 330 are micro frame in order to secure the tensioned film to top frame in 
textured . The texture of the tensioned film 330 makes it so a manner that seals the cavity and prevents any liquid 
the tensioned film 330 appears non - optically transparent ; but material stored within top frame from spilling ; in some 
when the resin or photosensitive material comes in contact exemplary embodiments , a high performance elastic double 
with the tensioned film 330 , the tensioned film 330 becomes 65 sided adhesive tape such as the 3MTM VHBTM Tape 4952 
optically clear . Furthermore , the micro - texture helps mini may be employed ; such component may be useful because 
mizing the adhesion force because the micro - texturing cre the adhesive tape can replace mechanical fasteners or liquid 
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adhesives and generally creates a permanent seal to keep the The foregoing detailed description has set forth various 
liquid material within the cavity . embodiments of the devices and / or processes by the use of 

In exemplary embodiments , a tensioning jig may be used . diagrams , flowcharts , and / or examples . Insofar as such dia 
As shown specifically in FIG . 10B , a tensioning jig in grams , flowcharts , and / or examples contain one or more 
accordance with the present invention may include four 5 functions and / or operations , it will be understood by those 
parts : a positioning ring 401 , a press ring 402 , two base bars within the art that each function and / or operation within 
403a and 403b . During the pre - tensioning process , the such diagrams , flowcharts , or examples may be imple 
positioning ring 401 is placed and positioned on the bottom mented , individually and / or collectively , by a wide range of 
side of the top frame 320 , and then the tensioned film 330 hardware , software , firmware , or virtually any combination 

10 thereof . ( the STEM ) is loosely placed on the bottom opening of the Those skilled in the art will recognize that it is common top frame 320 and the positioning ring 401 to cover the within the art to describe devices and / or processes in the cavity 322. The tensioning ring 340 is placed and briefly fashion set forth herein , and thereafter use engineering positioned on the top of the STEM . Next , the press ring 402 practices to integrate such described devices and / or pro is placed on the top of the STEM , and aligned with the 15 cesses into other stereolithography or three - dimensional positioning ring 401. At this step , the STEM has to be flat , printing systems . That is , at least a part of the devices and / or 
however , no extra tensioning force is needed to tension the processes described herein may be integrated into a stereo STEM . The positioning ring 401 and the press ring 402 are lithography or three - dimensional printing system via a rea 
then coupled by fasteners , such as screws , and the press ring sonable amount of experimentation . 
402 and two base bars 403a and 403b which are placed at the The subject matter described herein sometimes illustrates 
top side of the top frame 320 are fastened through screws as different components contained within , or connected with , 
well . Till now , the STEM , the positioning ring 401 , and the other components . It is to be understood that such depicted 
top frame 320 are sandwiched between the press ring 402 architectures are merely exemplary , and that in fact many 
and base bars 403a and 403b . In order to achieve a uniform other architectures may be implemented which achieve the 
tensioning for STEM , the top frame 320 , the tensioning ring 25 same functionality . In a conceptual sense , any arrangement 
340 , the STEM , and together with the tensioning jig are of components to achieve the same functionality is effec 
placed in a hot medium , such as water or oil , with a constant tively “ associated ” such that the desired functionality is 
temperature of 60-70 ° C. for 2 minutes to make sure the achieved . Hence , any two components herein combined to 
STEM is sufficiently heated up . Because of the heat the achieve a particular functionality may be seen as “ associated 
STEM has a tendency to expand , however , its border is fixed 30 with ” each other such that the desired functionality is 
by the positioning ring 401 and the press ring 402. There achieved , irrespective of architectures or intermediate com 
fore , the STEM may slightly warp towards the center . Next , ponents . 
by tightening six pressing screws , the pressing force exerted With respect to the use of substantially any plural and / or 
by the screws is uniformly transmitted to the STEM through singular terms herein , those having skill in the art may 
the tensioning ring which is in direct contact with six 35 translate from the plural to the singular and / or from the 
pressing screws . Since the press ring 402 is coupled with the singular to the plural as is appropriate to the context and / or 
top frame 320 , tightening six pressing screws will press application . The various singular / plural permutations may 
down the tensioning ring together with the STEM . The be expressly set forth herein for sake of clarity . 
displacement of the tensioning ring 340 results in a stretch All references , including but not limited to patents , patent 
on the STEM and makes it tensioned , and the warping of the 40 applications , and non - patent literature are hereby incorpo 
STEM may disappear as well due to this stretch . Once the rated by reference herein in their entirety . 
tensioning ring is pressed to its final position , fasteners , such An apparatus , system and method for three - dimensional 
as screws , are applied to the tensioning ring 340 to perma printing has been described . The foregoing description of the 
nently fix the tensioning ring 340 and the STEM in position . various exemplary embodiments of the invention has been 
After the tensioning ring 420 and STEM are fixed on the top 45 presented for the purposes of illustration and disclosure . It is 
frame 320 , the tensioning jig can be removed from the top not intended to be exhaustive or to limit the invention to the 
frame 320. All the aforementioned operations need to be precise form disclosed . Many modifications and variations 
finished in the hot medium with a constant temperature as are possible in light of the above teaching without departing 
described above . When the assembly of the top frame 320 , from the spirit of the invention . 
tensioning ring 340 , and the STEM is taken out of the hot 50 What is claimed is : 
medium , and cools down , the STEM has a tendency to 1. A reservoir assembly for use in three - dimensional 
shrink , however , as its border is secured in position by the printing , comprising : 
tensioning ring , this tendency of shrinkage will lead to a a removable top frame having a cavity with an aperture 
tension in the STEM . It is noteworthy to mention that when defined on a bottom edge of the removable top frame , 
tightening six pressing screws in the hot medium , the top 55 the cavity configured to be at least partially filled with 
frame 320 may deform due to both the thermal stress and the a photosensitive liquid ; 
tightening force transmitted to the top frame 320. In this a permeable tensioned film stretchily coupled to the 
case , one or more clamps 404 can be applied to the top aperture so as to hold the photosensitive liquid within 
opening of the top frame 320. Because the clamp is rigid and the cavity of the removable top frame ; 
has a fixed span which matches the dimension of the top 60 a bottom frame including a transparent or semi - transpar 
frame 320 , it will hold the top frame 320 in position and ent rigid substrate , the bottom frame configured to 
prevent it from being deformed . register with the removable top frame ; and 

While the embodiments and alternatives of the invention a media layer disposed between the permeable tensioned 
have been shown and described , it will be apparent to a film and the rigid substrate of the bottom frame , the 
person skilled in the art that various other changes and 65 media layer comprising a clearance between a top 
modifications can be made without departing from the spirit surface of the transparent or semi - transparent rigid 
and scope of the invention . substrate and a bottom surface of the permeable ten 
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sioned film in a manner so that the permeable tensioned a media layer disposed between the permeable ten 
film is suspended above and detached from the media sioned film and the rigid substrate of the bottom 
layer . frame , the media layer comprising a clearance 

2. The reservoir assembly of claim 1 , further comprising between a top surface of the transparent or semi 
a deep portion of the cavity configured to collect the 5 transparent rigid substrate and a bottom surface of 
photosensitive liquid , the deep portion defined by : the permeable tensioned film . 

13. The system of claim 12 , wherein the permeable a peripheral shallow portion extending from an inner side tensioned film includes polymethylpentene . wall of the top frame to a curving edge ; and 14. The system of claim 12 , wherein the reservoir assem 
a deep inner side wall extending from the curving edge bly further comprises a deep portion of the cavity configured 

that perimetrically defines the aperture . to collect the photosensitive liquid , the deep portion defined 
3. The reservoir assembly of claim 1 , wherein the per by : 

meable tensioned film includes polymethylpentene . a peripheral shallow portion extending from an inner side 
4. The reservoir assembly of claim 1 , wherein the per wall of the top frame to a curving edge ; and 

meable tensioned film includes a non - stick surface . a deep inner side wall extending from the curving edge 
5. The reservoir assembly of claim 1 , wherein the per that perimetrically defines the aperture . 

meable tensioned film is wrapped around and secured about 15. The system of claim 12 , wherein the permeable 
tensioned film includes a non - stick surface . a holding rim of the top frame . 

6. The reservoir assembly of claim 1 , wherein the per 16. The system of claim 12 , wherein the media layer 
meable tensioned film is adhered and secured to the top further comprises of a gas including air , oxygen , or nitrogen . 
frame using a double - sided adhesive tape . 17. The system of claim 12 , further comprising a heat 

7. The reservoir assembly of claim 1 , wherein the media module coupled to the rigid substrate . 
layer further comprises of a gas . 18. The system of claim 12 , further comprising a gas 

8. The reservoir assembly of claim 7 , wherein : supply module coupled to the bottom frame , the gas supply 
the gas comprises air , oxygen , or nitrogen . module adapted to supply a gas through a portion of the rigid 

25 substrate . 9. The reservoir assembly of claim 2 , further comprising 
at least one visual indicator situated on a surface of the 19. The system of claim 12 , further comprising a remov 
peripheral shallow portion of the top frame . able filter configured to control a blurring effect to enhance 

10. The reservoir assembly of claim 2 , further comprising a surface finish of the 3D object . 
a force - generating mechanism coupled between the top 20. A reservoir assembly for use in three - dimensional 
frame and the bottom frame configured to facilitate a sepa printing , comprising : 
ration process during three - dimensional printing . a top frame having a cavity with an aperture defined on a 

11. The reservoir assembly of claim 1 , further comprising bottom edge of the top frame , the cavity configured to 
a gas supply module coupled to the bottom frame . be at least partially filled with a photosensitive liquid , 

12. A system for three - dimensional printing , comprising : 35 wherein a deep portion of the cavity is defined by a 
a computer coupled to a light source including instruc peripheral shallow portion extending from an inner side 

tions for selectively illuminating a photosensitive liq wall of the top frame to a curving edge , and a deep 
uid in accordance with a geometric profile of a three inner side wall extending from the curving edge that 
dimensional ( 3D ) object , the light source for perimetrically defines the aperture ; 
polymerizing the photosensitive liquid and forming a a polymethylpentene ( PMP ) film wrapped around or 
polymerized section of the 3D object ; and adhered to a holding rim of the top frame so that the 

reservoir assembly adapted to receive the light source , PMP film is tensionedly coupled to the aperture in a 
comprising : manner to hold the photosensitive liquid within the 
a top frame having a cavity with an aperture defined on cavity of the top frame ; 

a bottom edge of the top frame , the cavity configured a bottom frame , removable from the top frame , including 
to be at least partially filled with the photosensitive a transparent or semi - transparent rigid substrate , the 
liquid ; bottom frame configured to register with the top frame ; 

and a permeable tensioned film stretchily coupled to the 
aperture so as to hold the photosensitive liquid a media layer disposed between the permeable PMP film 
within the cavity of the top frame ; and the rigid substrate of the bottom frame , the media 

a bottom frame , removable from the top frame , includ layer comprising a clearance between a top surface of 
ing a transparent or semi - transparent rigid substrate , the transparent or semi - transparent rigid substrate and 
the bottom frame configured to register with the top a bottom surface of the permeable PMP film . 
frame ; and 
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