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DESCRIPTION 

 

TITLE OF THE INVENTION: 

LIGHT-DIMMING LAMINATE AND DOUBLE GLASS 

 5 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a dimming laminate and a multiple glass. 

 

BACKGROUND ART 10 

[0002] 

 A dimming laminate (also referred to as a dimmer or a dimming glass) 

including a diming function material for controlling a transmission state of light by 

electric control is known.  Such a dimming laminate controls a transmission state of 

light so that a visual field of a user can be shielded or opened, or entrance of infrared 15 

rays can be controlled.  Thus, the dimming laminate is used as a housing material such 

as an indoor partition member or an exterior window. 

[0003] 

 A material using an electrochromic function material is known as the dimming 

function material for use in the dimming laminate as disclosed in Patent Document 1.  20 

The electrochromic function material is disposed on a glass layer.  In addition, 

according to Patent Document 1, soda lime glass is not used as the glass layer, but glass 

with a low alkali oxide content is used in order to minimize diffusion of alkali such as 

sodium from the glass layer into the electrochromic function material. 

[0004] 25 
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 A product with a dimming function disclosed in Patent Document 1 will be 

described below. 

[0005] 

 The product according to Patent Document 1 includes a glass layer having a 

thermal expansion coefficient of 50´10-7/°C or less and a thickness of 4 mm or less, an 5 

electrochromic function material disposed on the glass layer, a substrate having a larger 

thickness than the glass layer, and a laminate layer disposed between the substrate and 

either the glass layer or the electrochromic function material. 

 [0006] 

 In addition, Patent Document 1 suggests that a transparent glass layer having 10 

an alkali oxide content of 10% by mass or less and having a thickness from 0.5 mm to 4 

mm is used as the glass layer, polyvinyl butyral is used as the laminate layer, and soda-

lime glass is used as the substrate. 

 [0007] 

 That is, Patent Document 1 suggests that alkali free glass is used as the glass 15 

layer for preventing migration of an alkali component to the electrochromic function 

material, soda lime glass is used as the substrate for reinforcing the strength of the alkali 

free glass, and the alkali free glass and the soda lime glass are bonded by polyvinyl 

butyral. 

 20 

BACKGROUND ART DOCUMENT 

PATENT DOCUMENT 

 [0008] 

 Patent Document 1: Japanese Patent No. 5684113 

 25 

SUMMARY OF THE INVENTION 
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PROBLEMS THAT THE INVENTION IS TO SOLVE 

 [0009] 

 A method for manufacturing the product in Patent Document 1 includes a 

thermal treatment step called an autoclaving step in the same manner as a typical 

laminated glass manufacturing method.  That is, the product according to the Patent 5 

Document 1 is manufactured by putting polyvinyl butyral between an alkali free glass 

and a soda lime glass, setting those glasses between rollers to thereby perform 

preliminary bonding thereon, then putting the glasses into an autoclave to heat and press 

the glasses, for example, at 120-150°C and at 1-1.5 MPa. 

 [0010] 10 

 However, there is a problem that warpage occurs in the manufactured product 

due to a difference in thermal expansion coefficient between the alkali free glass and the 

soda lime glass.  As a result, distortion occurs in a reflection image on the product 

according to Patent Document 1.  Thus, there is a problem that the product according 

to Patent Document 1 has bad appearance.  In addition, when the product according to 15 

Patent Document 1 is applied to a glass plate forming a multiple glass, there is a 

problem that the thickness of a hollow layer in the multiple glass is reduced due to the 

warpage of the glass plate, causing deterioration in heat insulating performance or heat 

shielding performance, and further causing defective adhesion in a seal material for 

suppressing moisture permeation to the hollow layer.  Incidentally, the average thermal 20 

expansion coefficient at 50-350°C in the alkali free glass is 50´10-7/°C or less, while the 

average thermal expansion coefficient at 50-350°C in the soda lime glass is generally 

80-100´10-7/°C. 

 [0011] 

 The present invention has been developed in consideration of the foregoing 25 

situation.  An object of the present invention is to provide a dimming laminate capable 
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of reducing warpage occurring during manufacturing even when the dimming laminate 

is formed by a laminate of a plurality of substrates different in thermal expansion 

coefficient, and a multiple glass using the dimming laminate. 

 

MEANS FOR SOLVING THE PROBLEMS 5 

 [0012] 

 In order to attain the object of the present invention, a configuration of the 

present invention provides a dimming laminate including: a single dimming substrate in 

which a dimming function material is provided between two first transparent substrates; 

and a second transparent substrate that is bonded to one first transparent substrate of the 10 

two first transparent substrates through an adhesive layer, each of the first transparent 

substrates having a different average thermal expansion coefficient at 50-350°C from 

that of the second transparent substrate, in which a third transparent substrate is bonded 

to the other first transparent substrate of the two first transparent substrates through an 

adhesive layer, and a difference in average thermal expansion coefficient at 50-350°C 15 

between the third transparent substrate and the second transparent substrate is not higher 

than 20´10-7/°C. 

 [0013] 

 In order to attain the object of the present invention, another configuration of 

the present invention provides a dimming laminate including: a dimming substrate unit 20 

in which at least two dimming substrates each including a dimming function material 

provided between two first transparent substrates are laminated; and a second 

transparent substrate that is bonded through an adhesive layer to one first transparent 

substrate of two first transparent substrates located on an external side of the dimming 

substrate unit, each of the first transparent substrates having a different average thermal 25 

expansion coefficient at 50-350°C from that of the second transparent substrate, in 
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which a third transparent substrate is bonded through an adhesive layer to the other first 

transparent substrate of the two first transparent substrates located on the external side 

of the dimming substrate unit, and a difference in average thermal expansion coefficient 

at 50-350°C between the third transparent substrate and the second transparent substrate 

is not higher than 20´10-7/°C. 5 

 [0014] 

 In any one of the configurations of the present invention, it is preferable that 

the average thermal expansion coefficient at 50-350°C is equal between the third 

transparent substrate and the second transparent substrate.  In addition, on this 

occasion, in the configuration of the present invention, it is preferable that the average 10 

thermal expansion coefficient at 50-350°C in each of the third transparent substrate and 

the second transparent substrate is higher than the average thermal expansion coefficient 

at 50-350°C in each of the first transparent substrates. 

 [0015] 

 In order to attain the object of the present invention, further another 15 

configuration of the present invention provides a dimming laminate including: a single 

dimming substrate in which a dimming function material is provided between two first 

transparent substrates; and a second transparent substrate that is bonded to one first 

transparent substrate of the two first transparent substrates through an adhesive layer, 

each of the first transparent substrates having a different average thermal expansion 20 

coefficient at 50-350°C from that of the second transparent substrate, in which a third 

transparent substrate is bonded to the second transparent substrate through an adhesive 

layer, and a difference in average thermal expansion coefficient at 50-350°C between 

the third transparent substrate and each of the first transparent substrates is not higher 

than 10´10-7/°C. 25 

 [0016] 
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 In order to attain the object of the present invention, another configuration of 

the present invention provides a dimming laminate including: a dimming substrate unit 

in which at least two dimming substrates each including a dimming function material 

provided between two first transparent substrates are laminated; and a second 

transparent substrate that is bonded through an adhesive layer to one first transparent 5 

substrate of two first transparent substrates located on an external side of the dimming 

substrate unit, each of the first transparent substrates having a different average thermal 

expansion coefficient at 50-350°C from that of the second transparent substrate, in 

which a third transparent substrate is bonded to the second transparent substrate through 

an adhesive layer, and a difference in average thermal expansion coefficient at 50-10 

350°C between the third transparent substrate and each of the first transparent substrates 

is not higher than 10´10-7/°C. 

 [0017] 

 In any one of the configurations of the present invention, it is preferable that 

the average thermal expansion coefficient at 50-350°C is equal between the third 15 

transparent substrate and each of the first transparent substrates.  In addition, on this 

occasion, in the configuration of the present invention, it is preferable that the average 

thermal expansion coefficient at 50-350°C in the second transparent substrate is higher 

than the average thermal expansion coefficient at 50-350°C in each of the first 

transparent substrates and the third transparent substrate. 20 

 [0018] 

 In any one of the configurations of the present invention, it is preferable that a 

difference in average thermal expansion coefficient at 50-350°C between the two first 

transparent substrates is not higher than 10´10-7/°C. 

 [0019] 25 
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 In any one of the configurations of the present invention, it is preferable that 

the average thermal expansion coefficient at 50-350°C is equal between the two first 

transparent substrates. 

 [0020] 

 In any one of the configurations of the present invention, it is preferable that an 5 

alkali metal oxide content of each of the first transparent substrates is not higher than 

3% in terms of mol% on the basis of oxides. 

 [0021] 

 In order to attain the object of the present invention, further another 

configuration of the present invention provides a multiple glass in which two glass 10 

plates are put separately from each other through a spacer, and circumferential edge 

portions of the two glass plates are sealed with a seal material, in which at least one 

glass plate of the two glass plates is the dimming laminate according to any one of the 

configurations of the present invention. 

 15 

ADVANTAGE OF THE INVENTION 

 [0022] 

 According to the present invention, it is possible to provide a dimming 

laminate capable of reducing warpage occurring during manufacturing even when the 

dimming laminate is formed by a laminate of a plurality of substrates different in 20 

thermal expansion coefficient, and a multiple glass using the dimming laminate. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 [0023] 

 [Fig. 1] Fig. 1 is a main portion sectional view of a dimming laminate 25 

according to a first embodiment. 
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 [Fig. 2] Fig. 2 is a main portion sectional view of a dimming laminate 

including a dimming substrate unit having two dimming substrates. 

 [Fig. 3] Fig. 3 is a main portion sectional view of a dimming laminate 

according to a second embodiment. 

 [Fig. 4] Fig. 4 is a main portion sectional view of a dimming laminate 5 

including a dimming substrate unit having two dimming substrates. 

 [Fig. 5] Fig. 5 is a main portion sectional view of a multiple glass to which the 

dimming laminate according to the first embodiment has been applied. 

 [Fig. 6] Fig. 6 is a main portion sectional view of a multiple glass to which the 

dimming laminate according to the second embodiment has been applied. 10 

 [Fig. 7] Fig. 7 is a summary table of amounts of warpage measured using 

laminates in Comparative Examples and Examples. 

 [Figs. 8] Figs. 8(A) to 8(D) are explanatory views schematically showing 

configurations of the laminates in Comparative Examples and Examples. 

 [Figs. 9] Figs. 9(A) and 9(B) are views for explaining warpage measuring 15 

positions in each laminate. 

 

MODE FOR CARRYING OUT THE INVENTION 

 [0024] 

 Preferred embodiments of a dimming laminate and a multiple glass according 20 

to the present invention will be described below with reference to the accompanying 

drawings.  In the present specification, assume that a numerical range using a sign "-" 

includes an upper limit and a lower limit designated by the sign "-". 

 [0025] 

 [Dimming Laminate 10 according to First Embodiment] 25 
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 Fig. 1 is a main portion sectional view of a dimming laminate 10 according to a 

first embodiment. 

 [0026] 

 A dimming laminate 10 shown in Fig. 1 includes a single dimming substrate 18 

in which a dimming function material 16 is provided between two first transparent 5 

substrates 12 and 14, and a second transparent substrate 22 that is bonded to one first 

transparent substrate 12 of the two first transparent substrates 12 and 14 of the dimming 

substrate 18 through an adhesive layer 20.  Each of the first transparent substrates 12 

and 14 has a different average thermal expansion coefficient at 50-350°C from that of 

the second transparent substrate 22.  In the dimming laminate 10, a third transparent 10 

substrate 26 is bonded to the other first transparent substrate 14 of the two first 

transparent substrates 12 and 14 through an adhesive layer 24, and an average thermal 

expansion coefficient at 50-350°C is equal between the third transparent substrate 26 

and the second transparent substrate 22. 

 [0027] 15 

 Alkali free glass is used as the first transparent substrates 12 and 14.  The 

alkali free glass is, for example, 0.1-2.0 mm thick.  The alkali free glass may be not 

thinner than 0.5 mm, not thinner than 0.8 mm, or not thinner than 1.0 mm.  On the 

other hand, the alkali free glass may be not thicker than 1.7 mm, not thicker than 1.5 

mm, or not thicker than 1.3 mm.  In addition, the average thermal expansion 20 

coefficient at 50-350°C in each of the first transparent substrates is preferably not higher 

than 50´10-7/°C, more preferably not higher than 45´10-7/°C, further more preferably 

not higher than 40´10-7/°C, especially preferably not higher than 38´10-7/°C.  On the 

other hand, the average thermal expansion coefficient at 50-350°C in each of the first 

transparent substrates may be not lower than 30´10-7/°C, not lower than 32´10-7/°C, or 25 

not lower than 35´10-7/°C.  Further, a difference in average thermal expansion 
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coefficient at 50-350°C between the first transparent substrates 12 and 14 is preferably 

not higher than 10´10-7/°C, more preferably not higher than 5´10-7/°C, further more 

preferably not higher than 1´10-7/°C.  Most preferably the average thermal expansion 

coefficient at 50-350°C is equal between the first transparent substrates 12 and 14.  

Furthermore, it is preferable that an alkali metal oxide content of each of the first 5 

transparent substrates is not higher than 3% in terms of mol% on the basis of oxides.  

Consequently, migration of an alkali component from the first transparent substrates 12 

and 14 to the dimming function material 16 can be suppressed suitably.  The alkali 

metal oxide content is more preferably not higher than 1% in terms of mol% on the 

basis of oxides, further more preferably not higher than 0.5% in terms of mol% on the 10 

basis of oxides.  Especially preferably each of the first transparent substrates is 

substantially free from alkali metal oxide.  In the present specification, "substantially 

free" means that nothing but inevitable impurities mixed from a raw material or the like 

are contained, that is, not intentionally added.  In the present invention, the first 

transparent substrate that is substantially free from alkali metal oxide, for example, has 15 

an alkali metal oxide content not higher than 0.1%.  Here, the average thermal 

expansion coefficient of the glass can be adjusted, for example, by changing the alkali 

metal oxide content.  When the alkali metal oxide content is reduced, the average 

thermal expansion coefficient can be reduced.  Incidentally, "thickness" in the present 

specification is a thickness including a tolerance according to JIS (Japanese Industrial 20 

Standard) R3202:2011. 

 [0028] 

 An electrochromic function material is used as the dimming function material 

16 by way of example.  However, the dimming function material 16 is not limited 

thereto.  That is, any material can be used as the dimming function material 16 as long 25 

as it is a material whose optical property can be changed reversibly.  The dimming 



 

 11 

function material 16 may be a thin film with which at least one transparent substrate of 

the two first transparent substrates 12 and 14 can be coated, or a solid or gelatinous 

body that can be disposed between the two first transparent substrates 12 and 14.  An 

SPD (Suspended Particle Device) material, a liquid crystal material, a polymer 

dispersed liquid crystal material, a photochromic material, and a thermochromic 5 

material can be also used as the dimming function material 16 by way of example.  

The dimming function material 16 is protected from the outside by the two first 

transparent substrates 12 and 14.  Thus, the single dimming substrate 18 is constituted. 

 [0029] 

 Fig. 2 shows another form of a dimming laminate 10 including a dimming 10 

substrate unit 19 in which two dimming substrates 18 are laminated. 

 [0030] 

 The dimming laminate 10 shown in Fig. 2 includes: a dimming substrate unit 

19 in which two dimming substrates 18 each having a dimming function material 16 

provided between two first transparent substrates 12 and 14 are laminated; and a second 15 

transparent substrate 22 that is bonded through an adhesive layer 20 to one first 

transparent substrate 12 of the two first transparent substrates 12 and 14 located on an 

external side of the dimming substrate unit 19.  Each of the first transparent substrates 

12 and 14 has a different average thermal expansion coefficient at 50-350°C from that 

of the second transparent substrate 22.  In the dimming laminate 10, a third transparent 20 

substrate 26 is bonded through an adhesive layer 24 to the other first transparent 

substrate 14 of the two first transparent substrates 12 and 14 located on the external side 

of the dimming substrate unit 19, and an average thermal expansion coefficient at 50-

350°C is equal between the third transparent substrate 26 and the second transparent 

substrate 22.  In addition, the first transparent substrate 12 and the first transparent 25 

substrate 14 opposed to each other internally between the two dimming substrates 18 
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are bonded to each other through an adhesive layer 24.  Incidentally, the number of 

dimming substrates 18 is not limited to two, but it may be three or more.  When a 

plurality of dimming substrates 18 are provided, resolution for dimming control can be 

segmented. 

 [0031] 5 

 Return to Fig. 1.  The second transparent substrate 22 functions as a plate for 

reinforcing the dimming substrates 18.  Soda lime glass is used as the second 

transparent substrate 22.  The soda lime glass is, for example, 1.0-12.0 mm thick.  

The soda lime glass may be not thinner than 2.0 mm, not thinner than 3.0 mm, or not 

thinner than 3.5 mm.  On the other hand, the soda lime glass may be not thicker than 10 

10.0 mm, not thicker than 8.0 mm, not thicker than 6.0 mm, or not thicker than 5.0 mm.  

In addition, the average thermal expansion coefficient at 50-350°C in the soda lime 

glass is preferably 60-100´10-7/°C.  The average thermal expansion coefficient thereof 

at 50-350°C may be not lower than 70´10-7/°C, or not lower than 80´10-7/°C.  On the 

other hand, the average thermal expansion coefficient thereof at 50-350°C may be not 15 

higher than 95´10-7/°C, or not higher than 90´10-7/°C.  Here, the average thermal 

expansion coefficient at 50-350°C is measured in a temperature range of 50-350°C by a 

differential thermal expansion meter (TMA) according to JIS R3102:1995. 

 [0032] 

 For example, a sheet-like member made of polyvinyl butyral (PVB), ethylene 20 

vinyl acetate copolymer (EVA), thermoplastic polyurethane (TPU), or the like can be 

used as the adhesive layer 20.  The adhesive layer 20 is, for example, 0.1-2.0 mm 

thick.  The adhesive layer 20 may be not thinner than 0.5 mm, or not thinner than 0.7 

mm.  On the other hand, the adhesive layer 20 may be not thicker than 1.5 mm.  

When such an adhesive layer 20 is used, the first transparent substrate 12 of the 25 
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dimming substrate 18 and the second transparent substrate 22 can be bonded to each 

other in an autoclaving step after preliminary press-bonding. 

 [0033] 

 In the same manner as the second transparent substrate 22, soda lime glass is 

used as the third transparent substrate 26.  This soda lime glass is also, for example, 5 

1.0-12.0 mm thick.  The soda lime glass may be not thinner than 2.0 mm, not thinner 

than 3.0 mm, or not thinner than 3.5 mm.  On the other hand, the soda lime glass may 

be not thicker than 10.0 mm, not thicker than 8.0 mm, not thicker than 6.0 mm, or not 

thicker than 5.0 mm.  In addition, the average thermal expansion coefficient at 50-

350°C in the third transparent substrate 26 is 60-100´10-7/°C.  The average thermal 10 

expansion coefficient thereof at 50-350°C may be not lower than 70´10-7/°C, or not 

lower than 80´10-7/°C.  On the other hand, the average thermal expansion coefficient 

thereof at 50-350°C may be not higher than 95´10-7/°C, or not higher than 90´10-7/°C. 

 [0034] 

 In the same manner as the adhesive layer 20, a sheet-like member made of 15 

polyvinyl butyral, ethylene vinyl acetate copolymer, thermoplastic polyurethane, or the 

like can be used as the adhesive layer 24.  The adhesive layer 24 is also, for example, 

0.1-2.0 mm thick.  When such an adhesive layer 24 is used, the first transparent 

substrate 14 of the dimming substrate 18 and the third transparent substrate 26 can be 

bonded to each other in an autoclaving step after preliminary press-bonding.  In this 20 

manner, the dimming laminate 10 according to the embodiment is manufactured.  

Incidentally, it is preferable that the preliminary press-bonding of the second transparent 

substrate 22 and the third transparent substrate 26 to the dimming substrates 18 is 

performed concurrently and their bonding is performed in an autoclaving step to 

manufacture the dimming laminate 10. 25 

 [0035] 
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 Incidentally, the manufacturing process of the dimming laminate 10 includes a 

preliminary press-bonding step prior to the autoclaving step.  In the preliminary press-

bonding step, preliminary press-bonding is performed as follows.  That is, the 

dimming laminate 10 in which bonding by the adhesive layers 20 and 24 has not been 

performed yet is put into a rubber bag, and the rubber bag is connected to a 5 

depressurization system so that the dimming laminate 10 can be kept at a heating 

temperature of 80-130°C for a predetermined time under an environment depressurized 

by several hundreds of mmHg.  After the preliminary press-bonding step is terminated, 

the air pressure inside the rubber bag is returned to the outside air pressure, and the 

autoclaving step is carried out.  When the raw material of the adhesive layers 20 and 10 

24 is, for example, ethylene vinyl acetate copolymer (EVA), the dimming laminate 10 

may be manufactured only by the preliminary press-bonding step using the rubber bag.  

Further, the dimming laminate 18 heated to 50-130°C may be passed between upper and 

lower nipper rolls to thereby apply pressure to the dimming laminate 18 and perform 

preliminary press-bonding thereon. 15 

 [0036] 

 In the dimming laminate 10 thus configured according to the first embodiment, 

deformation caused by bonding in the preliminary press-bonding step or the autoclaving 

step (e.g. heating temperature: 120-150°C, pressure: 1-1.5 MPa, time: 10 minutes), that 

is, a warp of the dimming laminate 10 is controlled by the difference in thermal 20 

expansion coefficient between the second transparent substrate 22 and the third 

transparent substrate 26 disposed on the opposite sides of the dimming substrates 18. 

 [0037] 

 Here, in the product according to Patent Document 1, there is a large difference 

in thermal expansion coefficient between the alkali free glass and the soda lime glass 25 

disposed on the opposite sides.  That is, the average thermal expansion coefficient at 



 

 15 

50-350°C in the alkali free glass is not higher than 50´10-7/°C, and the average thermal 

expansion coefficient at 50-350°C in the soda lime glass is 80-100´10-7/°C.  Thus, 

there occurs at least a difference of 30´10-7/°C.  Consequently, there occurs a warp in 

the manufactured product.  Specifically, since the amount of thermal expansion in the 

soda lime glass is larger than the amount of thermal expansion in the alkali free glass, 5 

there occurs an arc-shaped warp in which the surface of the soda lime glass not opposed 

to the alkali free glass is recessed. 

 [0038] 

 In contrast, in the dimming laminate 10 according to the first embodiment, the 

average thermal expansion coefficient at 50-350°C is equal between the second 10 

transparent substrate 22 and the third transparent substrate 26 disposed on the opposite 

sides, and hence the amount of thermal expansion is equal between the both.  Thus, 

warpage in the dimming laminate 10 is suppressed. 

 [0039] 

 Thus, according to the dimming laminate 10 in the first embodiment, warpage 15 

occurring during manufacturing can be reduced on a large scale because the dimming 

laminate 10 has a configuration in which the third transparent substrate 26 is laminated 

on the first transparent substrates 12 and 14 and the second transparent substrate 22 

having different thermal expansion coefficients. 

 [0040] 20 

 In addition, in the dimming laminate 10 according to the first embodiment, it is 

preferable that a difference in thickness between the first transparent substrate 12 and 

the first transparent substrate 14 is not larger than 1 mm.  Accordingly, warpage in the 

dimming laminate 10 is suppressed.  The difference in thickness between the first 

transparent substrate 12 and the first transparent substrate 14 is more preferably not 25 

larger than 0.5 mm, or further more preferably not larger than 0.1 mm.  On the other 
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hand, a difference in thickness between the second transparent substrate 22 and the third 

transparent substrate 26 is preferably not larger than 1 mm.  Accordingly, warpage in 

the dimming laminate 10 is suppressed.  The difference in thickness between the 

second transparent substrate 22 and the third transparent substrate 26 is more preferably 

not larger than 0.5 mm, or further more preferably not larger than 0.1 mm. 5 

 [0041] 

 In addition, in the dimming laminate 10 according to the first embodiment, the 

average thermal expansion coefficient at 50-350°C is equal between the second 

transparent substrate 22 and the third transparent substrate 26 disposed on the opposite 

sides, while the thermal expansion coefficient of each of the second transparent 10 

substrate 22 and the third transparent substrate 26 is larger than that of each of the first 

transparent substrates 12 and 14, and warpage in the dimming laminate 10 is 

suppressed.  Thus, compressive stress occurs easily in each dimming substrate 18.  It 

is therefore possible to suppress heat cracking in the dimming laminate 10 in use. 

 [0042] 15 

 Although the second transparent substrate 22 and the third transparent substrate 

26 equal in average thermal expansion coefficient at 50-350°C are used in the dimming 

laminate 10 according to the first embodiment, the present invention is not limited 

thereto.  It will go well if the difference in average thermal expansion coefficient at 50-

350°C between the second transparent substrate 22 and the third transparent substrate 20 

26 is not higher than 20´10-7/°C.  In this manner, warpage occurring in the dimming 

laminate 10 during manufacturing can be reduced so that a reflection image having no 

distortion can be obtained, as compared with the product according to Patent Document 

1.  In addition, the dimming laminate 10 according to the first embodiment may be 

applied to at least one glass plate of two glass plates constituting a multiple glass (see 25 

Fig. 5) as will be described later.  Even in this case, warpage in the dimming laminate 



 

 17 

10 can be reduced not to affect the heat insulating performance or heat shielding 

performance of the multiple glass, and defective adhesion in a seal material for 

suppressing moisture permeation to a hollow layer can be prevented.  Incidentally, the 

difference in average thermal expansion coefficient at 50-350°C between the second 

transparent substrate 22 and the third transparent substrate 26 is preferably not higher 5 

than 10´10-7/°C, more preferably not higher than 5´10-7/°C, further more preferably not 

higher than 2´10-7/°C, or especially preferably not higher than 1´10-7/°C. 

 [0043] 

 [Dimming Laminate 30 according to Second Embodiment] 

 Fig. 3 is a main portion sectional view of a dimming laminate 30 according to a 10 

second embodiment.  The dimming laminate 30 according to the second embodiment 

will be described as follows.  That is, members the same as those in the dimming 

laminate 10 according to the first embodiment shown in Fig. 1 are referenced 

correspondingly, and their description will be omitted. 

 [0044] 15 

 The dimming laminate 30 includes: a single dimming substrate 18 in which a 

dimming function material 16 is provided between two first transparent substrates 12 

and 14; and a second transparent substrate 22 that is bonded to one first transparent 

substrate 12 of the two first transparent substrates 12 and 14 of the dimming substrate 

18 through an adhesive layer 20.  Each of the first transparent substrates 12 and 14 has 20 

a different average thermal expansion coefficient at 50-350°C from that of the second 

transparent substrate 22.  In the dimming laminate 30, a third transparent substrate 32 

is bonded to the second transparent substrate 22 through an adhesive layer 24, and an 

average thermal expansion coefficient at 50-350°C is equal between the third 

transparent substrate 32 and each of the first transparent substrates 12 and 14. 25 

 [0045] 
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 Alkali free glass is used as the third transparent substrate 32 in the same 

manner as the first transparent substrates 12 and 14.  The alkali free glass is, for 

example, 0.1-4.0 mm thick, but it is not limited thereto.  The alkali free glass may be 

not thinner than 0.5 mm, not thinner than 0.8 mm, or not thinner than 1.0 mm.  On the 

other hand, the alkali free glass may be not thicker than 1.7 mm, not thicker than 1.5 5 

mm, or not thicker than 1.3 mm.  In addition, the average thermal expansion 

coefficient at 50-350°C in the alkali free glass is preferably not higher than 50´10-7/°C, 

more preferably not higher than 45´10-7/°C, further more preferably not higher than 

40´10-7/°C, especially preferably not higher than 38´10-7/°C.  On the other hand, the 

average thermal expansion coefficient at 50-350°C in the alkali free glass may be not 10 

lower than 30´10-7/°C, not lower than 32´10-7/°C, or not lower than 35´10-7/°C. 

 [0046] 

 As described previously, a warp of the dimming laminate 30 caused by thermal 

expansion is controlled by the difference in thermal expansion coefficient between each 

of the first transparent substrates 12 and 14 and the third transparent substrate 32 15 

disposed on the opposite sides of the second transparent substrate 22. 

 [0047] 

 In the dimming laminate 30 according to the second embodiment, the average 

thermal expansion coefficient at 50-350°C is equal between each of the first transparent 

substrates 12 and 14 and the third transparent substrate 32 disposed on the opposite 20 

sides of the second transparent substrate 22, and hence the amount of thermal expansion 

is equal between the both.  Thus, warpage in the dimming laminate 30 is suppressed. 

 [0048] 

 Thus, according to the dimming laminate 30 in the second embodiment, 

warpage occurring during manufacturing can be reduced on a large scale because the 25 

dimming laminate 30 has a configuration in which the third transparent substrate 32 is 
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laminated on the first transparent substrates 12 and 14 and the second transparent 

substrate 22 having different thermal expansion coefficients. 

 [0049] 

 In addition, in the dimming laminate 30 according to the second embodiment, a 

difference between the total thickness of the first transparent substrate 12 and the first 5 

transparent substrate 14 (total thickness of all the first transparent substrates 12 and the 

first transparent substrates 14 when two or more dimming substrates 18 are provided) 

and the thickness of the third transparent substrate 32 is preferably not larger than 1 

mm, more preferably not larger than 0.5 mm, further more preferably not larger than 0.1 

mm.  Accordingly, warpage in the dimming laminate 30 is suppressed. 10 

 [0050] 

 In addition, in the dimming laminate 30 according to the second embodiment, 

the average thermal expansion coefficient at 50-350°C is equal between each of the first 

transparent substrates 12 and 14 and the third transparent substrate 32 disposed on the 

opposite sides of the second transparent substrate 22, while the thermal expansion 15 

coefficient of the second transparent substrate 22 is larger than that of each of the first 

transparent substrates 12 and 14 and the third transparent substrate 32, and the warpage 

in the dimming laminate 30 is suppressed.  Thus, compressive stress occurs easily in 

the dimming substrate 18.  It is therefore possible to suppress heat cracking in the 

dimming laminate 30 in use. 20 

 [0051] 

 Although the first transparent substrates 12 and 14 and the third transparent 

substrate 32 equal in average thermal expansion coefficient at 50-350°C are used in the 

dimming laminate 30 according to the second embodiment, the present invention is not 

limited thereto.  It will go well if the difference in average thermal expansion 25 

coefficient at 50-350°C between each of the first transparent substrates 12 and 14 and 
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the third transparent substrate 32 is not higher than 10´10-7/°C.  Here, when the 

difference in average thermal expansion coefficient at 50-350°C between each of the 

first transparent substrates 12 and 14 and the third transparent substrate 32 is not higher 

than 10´10-7/°C, it means that both the difference in average thermal expansion 

coefficient at 50-350°C between the first transparent substrate 12 and the third 5 

transparent substrate 32 and the difference in average thermal expansion coefficient at 

50-350°C between the first transparent substrate 14 and the third transparent substrate 

32 are not higher than 10´10-7/°C.  In this manner, the warpage occurring in the 

dimming laminate 30 during manufacturing can be reduced so that a reflection image 

having no distortion can be obtained, as compared with the product according to Patent 10 

Document 1.  In addition, the dimming laminate 30 according to the second 

embodiment may be applied to at least one glass plate of two glass plates constituting a 

multiple glass (see Fig. 6) as will be described later.  Even in this case, warpage in the 

dimming laminate 30 can be reduced not to affect the heat insulating performance or 

heat shielding performance of the multiple glass, and defective adhesion in a seal 15 

material for suppressing moisture permeation to a hollow layer can be prevented.  

Incidentally, the difference in average thermal expansion coefficient at 50-350°C 

between each of the first transparent substrates 12 and 14 and the third transparent 

substrate 32 is more preferably not higher than 5´10-7/°C, further more preferably not 

higher than 2´10-7/°C, especially preferably not higher than 1´10-7/°C. 20 

 [0052] 

 Fig. 4 shows another form of a dimming laminate 30 including a dimming 

substrate unit 19 in which two dimming substrates 18 are laminated. 

 [0053] 

 The dimming laminate 30 shown in Fig. 4 includes: a dimming substrate unit 25 

19 in which two dimming substrates 18 each having a dimming function material 16 
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provided between two first transparent substrates 12 and 14 are laminated; and a second 

transparent substrate 22 that is bonded through an adhesive layer 20 to one first 

transparent substrate 12 of the two first transparent substrates 12 and 14 located on an 

external side of the dimming substrate unit 19.  Each of the first transparent substrates 

12 and 14 has a different average thermal expansion coefficient at 50-350°C from that 5 

of the second transparent substrate 22.  In the dimming laminate 30, a third transparent 

substrate 32 is bonded to the second transparent substrate 22 through an adhesive layer 

24, and an average thermal expansion coefficient at 50-350°C is equal between the third 

transparent substrate 32 and each of the first transparent substrates 12 and 14. 

 [0054] 10 

 [Multiple Glass 40, 50] 

 Fig. 5 is a main portion sectional view of a multiple glass 40 to which the 

dimming laminate 10 according to the first embodiment has been applied.  Fig. 6 is a 

main portion sectional view of a multiple glass 50 to which the dimming laminate 30 

according to the second embodiment has been applied.  Since the multiple glasses 40 15 

and 50 shown in Figs. 5 and 6 have the same main portion configuration, description 

will be made using the same reference signs.  The multiple glass 50 will be described 

with the signs in parentheses.   

 [0055] 

 The multiple glass 40 (50) includes the dimming laminate 10 (30) configured 20 

to be rectangular, a glass plate 42, and a spacer 44 having a frame-like shape.  The 

dimming laminate 10 (30) and the glass plate 42 are placed at a distance from each 

other by the spacer 44 so as to form a hollow layer 46 between the dimming laminate 10 

(30) and the glass plate 42.  Opposite sides 44A of the spacer 44 are bonded to the 

dimming laminate 10 (30) and the glass plate 42 by primary seal materials 48 such as 25 

butyl based sealing materials, respectively. 
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 [0056] 

 Here, in the case of the dimming laminate 10 shown in Fig. 5, the third 

transparent substrate 26 of the dimming laminate 10 is bonded to the spacer 44 through 

the primary seal material 48.  In the case of the dimming laminate 30 shown in Fig. 6, 

the first transparent substrate 14 of the dimming laminate 30 is bonded to the spacer 44 5 

through the primary seal material 48.  In the case of the dimming laminate 30, the third 

transparent substrate 32 may be bonded to the spacer 44 through the primary seal 

material 48.  However, the form in Fig. 6 where the third transparent substrate 32 is 

disposed to face the outside is preferred in view of protection of the dimming substrate 

18. 10 

 [0057] 

 In addition, a recess portion 43 at edge portion between the dimming laminate 

10 (30) and the glass plate 42 is sealed with a secondary seal material 52 such as a 

silicone based sealing material, a polysulphide based sealing material, a polyurethane 

based sealing material, or a butyl based sealing material.  Thus, the hollow layer 46 put 15 

between the dimming laminate 10 (30) and the glass plate 42 is sealed off. 

 [0058] 

 The spacer 44 is made of a hollow pipe material.  A hollow portion 44B of the 

spacer 44 is filled with a drying material 54 such as zeolite.  In addition, a through hole 

44C through which the hollow portion 44B and the hollow layer 46 can communicate 20 

with each other is formed in the spacer 44 so that gas in the hollow layer 46 can be dried 

by the drying material 54.  In addition, the hollow layer 46 may be filled with heat 

insulating gas (inert gas such as argon gas or krypton gas) as functional gas in advance.  

When the hollow layer 46 is filled with heat insulating gas in advance, the heat 

insulating performance of the multiple glass 40 (50) is improved. 25 

 [0059] 
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 Further, the hollow layer 46-side surface of each of the glass plate 42 and the 

third transparent substrate 26 (first transparent substrate 14) may be coated with a Low-

E (Low Emissivity) film 56 as a low radiation film for improving the heat shielding 

performance or the heat insulating performance.  The glass plate 42 may be made of 

so-called float glass manufactured by a float process.  Alternatively, the glass plate 42 5 

may be made of fireproof glass such as wired glass, or laminated glass. 

 [0060] 

 When the dimming laminate 10 (30) is applied to at least one glass plate of the 

two glass plates constituting the multiple glass 40 (50), a dimming function can be 

provided for the multiple glass 40 (50).  In addition, since warpage in the dimming 10 

laminate 10 (30) itself is reduced, influence on the heat insulating performance or the 

heat shielding performance of the multiple glass 40 (50) can be prevented, and defective 

adhesion in the primary seal material 48 for suppressing moisture permeation to the 

hollow layer 46 can be also prevented.  Incidentally, the glass plate 42 may be replaced 

by the dimming laminate 10 (30) in the multiple glass 40 (50). 15 

 [0061] 

 [Examination Result of Warp in Laminate] 

 In a data summary table shown in Fig. 7, data of warpage amounts measured 

using a total of ten laminates according to Comparative Examples 1, 2 and 3, Examples 

1 and 2, Comparative Examples 4, 5 and 6, and Examples 3 and 4 are summarized for 20 

each laminate.  Configurations of the ten laminates will be described below 

correspondingly to laminates 100A to 100D shown in Figs. 8(A) to 8(D).  In addition, 

an average thermal expansion coefficient at 50-350°C in soda lime glass which will be 

described below is 80-100´10-7/°C.  On the other hand, an average thermal expansion 

coefficient at 50-350°C in alkali free glass which will be described below is 30-40´10-25 

7/°C. 



 

 24 

 [0062] 

 <Configuration of Laminate> 

 The laminate 100A shown in Fig. 8(A) corresponds to each of laminates in 

Comparative Examples 1 and 2. 

 [0063] 5 

 The laminate 100A in each of Comparative Examples 1 and 2 is a laminate 

manufactured as follows.  That is, a soda lime glass 102 having a thickness of 4 mm 

and an alkali free glass 104 having a thickness of 1.1 mm were laminated on each other 

through an adhesive layer 106 made of polyvinyl butyral (interlayer: PVB).  Those 

glasses were heated and pressurized in an autoclaving chamber.  Thus, the laminate 10 

100A in each of Comparative Examples 1 and 2 was manufactured.  The thicknesses 

of the adhesive layers 106 in Comparative Examples 1 and 2 are 0.76 mm and 3.05 mm 

respectively. 

 [0064] 

 The laminate 100B shown in Fig. 8(B) corresponds to a laminate in 15 

Comparative Example 3. 

 [0065] 

 The laminate 100B in Comparative Example 3 is a laminate manufactured as 

follows.  That is, two alkali free glasses 108 and 110 each having a thickness of 1.1 

mm were laminated on each other through an adhesive layer 112 made of polyvinyl 20 

butyral (interlayer: PVB) and having a thickness of 0.76 mm, and one alkali free glass 

108 and a soda lime glass 114 having a thickness of 4 mm were laminated on each other 

through an adhesive layer 116 made of polyvinyl butyral (interlayer: PVB) and having a 

thickness of 3.05 mm.  Those glasses were heated and pressurized in an autoclaving 

chamber.  Thus, the laminate 100B in Comparative Example 3 was manufactured.  25 

Although the dimming function material 16 was absent, the laminate 100B in 
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Comparative Example 3 was evaluated on the assumption that the adhesive layer 112 

made of polyvinyl butyral was used in place of the dimming function material 16 and 

regarded as the dimming function material 16. 

 [0066] 

 The laminate 100C shown in Fig. 8(C) corresponds to a laminate in Example 1. 5 

 [0067] 

 The laminate 100C in Example 1 is a laminate manufactured as follows.  That 

is, two alkali free glasses (two first transparent substrates) 118 and 120 each having a 

thickness of 1.1 mm were laminated on each other through an adhesive layer 122 made 

of polyvinyl butyral (interlayer: PVB) and having a thickness of 0.76 mm, and one 10 

alkali free glass 118 and a soda lime glass (second transparent substrate) 124 having a 

thickness of 4 mm were laminated on each other through an adhesive layer 126 made of 

polyvinyl butyral (interlayer: PVB) and having a thickness of 0.76 mm, while the other 

alkali free glass 120 and a soda lime glass (third transparent substrate) 128 having a 

thickness of 4 mm were laminated on each other through an adhesive layer 130 made of 15 

polyvinyl butyral (interlayer: PVB) and having a thickness of 0.76 mm.  Those glasses 

were heated and pressurized in an autoclaving chamber.  Thus, the laminate 100C in 

Example 1 was manufactured.  Although the dimming function material 16 is absent, 

the amount of warpage is substantially equivalent to that in the dimming laminate 10 

according to the first embodiment.  That is, the laminate 100C in Example 1 was 20 

evaluated on the assumption that the adhesive layer 122 made of polyvinyl butyral was 

used in place of the dimming function material 16 and regarded as the dimming 

function material 16. 

 [0068] 

 The laminate 100D shown in Fig. 8(D) corresponds to a laminate in Example 25 

2. 
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 [0069] 

 The laminate 100D in Example 2 is a laminate manufactured as follows.  That 

is, two alkali free glasses (two first transparent substrates) 132 and 134 each having a 

thickness of 1.1 mm were laminated on each other through an adhesive layer 136 made 

of polyvinyl butyral (interlayer: PVB) and having a thickness of 0.76 mm, and one 5 

alkali free glass 132 and a soda lime glass (second transparent substrate) 138 having a 

thickness of 4 mm were laminated on each other through an adhesive layer 140 made of 

polyvinyl butyral (interlayer: PVB) and having a thickness of 0.76 mm, while the soda 

lime glass 138 and an alkali free glass (third transparent substrate) 142 having a 

thickness of 1.1 mm were laminated on each other through an adhesive layer 144 made 10 

of polyvinyl butyral (interlayer: PVB) and having a thickness of 0.76 mm.  Those 

glasses were heated and pressurized in an autoclaving chamber.  Thus, the laminate 

100D in Example 2 was manufactured.  Although the dimming function material 16 is 

absent, the amount of warpage is substantially equivalent to that in the dimming 

laminate 30 according to the second embodiment.  That is, the laminate 100D in 15 

Example 2 was evaluated on the assumption that the adhesive layer 136 made of 

polyvinyl butyral was used in place of the dimming function material 16 and regarded 

as the dimming function material 16. 

 [0070] 

 The laminate 100A shown in Fig. 8(A) corresponds to a laminate in each of 20 

Comparative Examples 4, 5 and 6. 

 [0071] 

 The laminate 100A in each of Comparative Examples 4, 5 and 6 is a laminate 

manufactured as follows.  That is, a soda lime glass 102 having a thickness of 4 mm 

and an alkali free glass 104 having a thickness of 1.1 mm were laminated on each other 25 

through an adhesive layer 146 made of ethylene vinyl acetate copolymer (inter layer: 
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EVA).  Those glasses were put into a rubber bag, and heated and depressurized 

therein.  Thus, the laminate 100A in each of Comparative Examples 4, 5 and 6 was 

manufactured.  The thicknesses of the adhesive layers 146 in Comparative Examples 

4, 5 and 6 were 0.8, 2.0, and 3.2 mm respectively. 

 [0072] 5 

 The laminate 100C shown in Fig. 8(C) corresponds to a laminate in Example 3. 

 [0073] 

 The laminate 100C in Example 3 is a laminate manufactured as follows.  That 

is, two alkali free glasses (two first transparent substrates) 118 and 120 each having a 

thickness of 1.1 mm were laminated on each other through an adhesive layer 122 made 10 

of ethylene vinyl acetate copolymer (inter layer: EVA) and having a thickness of 0.8 

mm, and one alkali free glass 118 and a soda lime glass (second transparent substrate) 

124 having a thickness of 4 mm were laminated on each other through an adhesive layer 

126 made of ethylene vinyl acetate copolymer (inter layer: EVA) and having a thickness 

of 0.8 mm, while the other alkali free glass 120 and a soda lime glass (third transparent 15 

substrate) 128 having a thickness of 4 mm were laminated on each other through an 

adhesive layer 130 made of ethylene vinyl acetate copolymer (inter layer: EVA) and 

having a thickness of 0.8 mm.  Those glasses were put into a rubber bag, and heated 

and depressurized therein.  Thus, the laminate 100C in Example 3 was manufactured.  

Although the dimming function material 16 is absent, the amount of warpage is 20 

substantially equivalent to that in the dimming laminate 10 according to the first 

embodiment.  That is, the laminate 100C in Example 3 was evaluated on the 

assumption that the adhesive layer 122 made of ethylene vinyl acetate copolymer was 

used in place of the dimming function material 16 and regarded as the dimming 

function material 16. 25 

 [0074] 
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 The laminate 100D shown in Fig. 8(D) corresponds to a laminate in Example 

4. 

 [0075] 

 The laminate 100D in Example 4 is a laminate manufactured as follows.  That 

is, two alkali free glasses (two first transparent substrates) 132 and 134 each having a 5 

thickness of 1.1 mm were laminated on each other through an adhesive layer 136 made 

of ethylene vinyl acetate copolymer (inter layer: EVA) and having a thickness of 0.8 

mm, and one alkali free glass 132 and a soda lime glass (second transparent substrate) 

138 having a thickness of 4 mm were laminated on each other through an adhesive layer 

140 made of ethylene vinyl acetate copolymer (inter layer: EVA) and having a thickness 10 

of 0.8 mm, while the soda lime glass 138 and an alkali free glass (third transparent 

substrate) 142 having a thickness of 1.1 mm were laminated on each other through an 

adhesive layer 144 made of ethylene vinyl acetate copolymer (inter layer: EVA) and 

having a thickness of 0.8 mm.  Those glasses were put into a rubber bag, and heated 

and depressurized therein.  Thus, the laminate 100D in Example 4 was manufactured.  15 

Although the dimming function material 16 is absent, the amount of warpage is 

substantially equivalent to that in the dimming laminate 30 according to the second 

embodiment.  That is, the laminate 100D in Example 4 was evaluated on the 

assumption that the adhesive layer 136 made of ethylene vinyl acetate copolymer was 

used in place of the dimming function material 16 and regarded as the dimming 20 

function material 16. 

 [0076] 

 <Warp Measuring Places in Laminate> 

 Figs. 9 are views for explaining places where a warp of each laminate 100A-

100D was measured.  Fig. 9(A) is a side view of the laminate 100A-100D, and Fig. 25 

9(B) is a plan view of the laminate 100A-100D.  In addition, each laminate 100A-
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100D has a rectangular shape with a long side a having a length of 1,335 mm and a 

short side b having a length of 825 mm.  Measuring positions were set in positions 

along lines L connecting apexes C-D, apexes A-C, apexes A-B, apexes B-D, apexes B-

C, and apexes A-D.  In addition, an evaluation value to be satisfied was set as h£3.0 

mm in each examination when a warp amount at each position is h (mm).  Further, the 5 

warp amount h (mm) in each laminate 100A-100D was measured by a measuring 

method according to JIS (Japanese Industrial Standard) R3205:2005. 

 [0077] 

 According to the examination results in Fig. 7, the laminate 100A in 

Comparative Example 1 satisfied h£3.0 mm at the measuring positions A-C (2.0 mm) 10 

and B-D (2.0 mm), but could not satisfy h£3.0 mm at the other measuring positions.  

The laminate 100A in Comparative Example 2 satisfied h£3.0 mm at the measuring 

positions A-C (1.0 mm), A-B (2.5 mm) and B-D (1.0 mm), but could not satisfy h£3.0 

mm at the other measuring positions.  The laminate 100B in Comparative Example 3 

satisfied h£3.0 mm at the measuring positions A-C (1.5 mm), A-B (3.0 mm) and B-D 15 

(1.0 mm), but could not satisfy h£3.0 mm at the other measuring positions. 

 [0078] 

 Further, the laminate 100A in Comparative Example 4 satisfied h£3.0 mm at 

the measuring positions A-C (2.0 mm) and B-D (2.5 mm), but could not satisfy h£3.0 

mm at the other measuring positions.  The laminate 100A in Comparative Example 5 20 

satisfied h£3.0 mm at the measuring positions A-C (3.0 mm) and B-D (3.0 mm), but 

could not satisfy h£3.0 mm at the other measuring positions.  In addition, the laminate 

100A in Comparative Example 6 satisfied h£3.0 mm at the measuring positions A-C 

(0.5 mm) and B-D (1.0 mm), but could not satisfy h£3.0 mm at the other measuring 

positions. 25 

 [0079] 
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 On the other hand, the warp amount was zero at all the measuring positions in 

the laminate 100C in Example 1.  In addition, the warp amount h (mm) was in a range 

of 0.5-1.5 mm at all the measuring positions in the laminate 100D in Example 2, 

satisfying h£3.0 mm.  In addition, the warp amount h (mm) was in a range of 0.0-0.5 

mm at all the measuring positions in the laminate 100C in Example 3, satisfying h£3.0 5 

mm.  Further, the warp amount h (mm) was in a range of 1.0-1.5 mm at all the 

measuring positions in the laminate 100D in Example 4, satisfying h£3.0 mm. 

 [0080] 

 As is clear from the aforementioned examination results, according to the 

dimming laminate 10 corresponding to the laminate 100C and the dimming laminate 30 10 

corresponding to the laminate 100D, warpage occurring during manufacturing by 

heating treatment could be reduced on a large scale.  Thus, it is possible to provide the 

dimming laminate 10 and the dimming laminate 30 with good quality. 

 [0081] 

 Although the invention has been described in detail and with reference to its 15 

specific embodiments, it is obvious for those in the art that various changes or 

modifications can be made on the invention without departing from the spirit and scope 

thereof.  The present application is based on a Japanese patent application (Japanese 

Patent Application No. 2016-114526) filed on June 8, 2016, the contents of which are 

incorporated herein by reference. 20 

 

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS 

 [0082] 

 10...dimming laminate, 12, 14...first transparent substrate, 16...dimming 

function material, 18...dimming substrate, 19...dimming substrate unit, 20...adhesive 25 

layer, 22...second transparent substrate, 24...adhesive layer, 26...third transparent 
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substrate, 30...dimming laminate, 32...third transparent substrate, 40...multiple glass, 

42...glass plate, 44...spacer, 46...hollow layer, 48...primary seal material, 50...multiple 

glass, 52...secondary seal material, 54...drying material, 56...Low-E film, 100A, 100B, 

100C, 100D...laminate, 102...soda lime glass, 104...alkali free glass, 106...adhesive 

layer, 108, 110...alkali free glass, 112...adhesive layer, 114...soda lime glass, 5 

116...adhesive layer, 118, 120...alkali free glass, 122...adhesive layer, 124...soda lime 

glass, 126...adhesive layer, 128...soda lime glass, 130...adhesive layer, 132, 134...alkali 

free glass, 136...adhesive layer, 138...soda lime glass, 140...adhesive layer, 142...alkali 

free glass, 144...adhesive layer
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CLAIMS 

[Claim 1] 

 A dimming laminate comprising: a single dimming substrate in which a 

dimming function material is provided between two first transparent substrates; and a 

second transparent substrate that is bonded to one first transparent substrate of the two 

first transparent substrates through an adhesive layer, each of the first transparent 

substrates having a different average thermal expansion coefficient at 50-350°C from 

that of the second transparent substrate,  

wherein a third transparent substrate is bonded to the other first transparent 

substrate of the two first transparent substrates through an adhesive layer, and a 

difference in average thermal expansion coefficient at 50-350°C between the third 

transparent substrate and the second transparent substrate is not higher than 20´10-7/°C. 

[Claim 2] 

 A dimming laminate comprising: a dimming substrate unit in which at least 

two dimming substrates each including a dimming function material provided between 

two first transparent substrates are laminated; and a second transparent substrate that is 

bonded through an adhesive layer to one first transparent substrate of two first 

transparent substrates located on an external side of the dimming substrate unit, each of 

the first transparent substrates having a different average thermal expansion coefficient 

at 50-350°C from that of the second transparent substrate,  

wherein a third transparent substrate is bonded through an adhesive layer to the 

other first transparent substrate of the two first transparent substrates located on the 

external side of the dimming substrate unit, and a difference in average thermal 

expansion coefficient at 50-350°C between the third transparent substrate and the 

second transparent substrate is not higher than 20´10-7/°C. 

[Claim 3] 
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 The dimming laminate according to claim 1 or 2, wherein the average thermal 

expansion coefficient at 50-350°C is equal between the third transparent substrate and 

the second transparent substrate. 

[Claim 4] 

 The dimming laminate according to claim 3, wherein the average thermal 

expansion coefficient at 50-350°C in each of the third transparent substrate and the 

second transparent substrate is higher than the average thermal expansion coefficient at 

50-350°C in each of the first transparent substrates. 

[Claim 5] 

 A dimming laminate comprising: a single dimming substrate in which a 

dimming function material is provided between two first transparent substrates; and a 

second transparent substrate that is bonded to one first transparent substrate of the two 

first transparent substrates through an adhesive layer, each of the first transparent 

substrates having a different average thermal expansion coefficient at 50-350°C from 

that of the second transparent substrate,  

wherein a third transparent substrate is bonded to the second transparent 

substrate through an adhesive layer, and a difference in average thermal expansion 

coefficient at 50-350°C between the third transparent substrate and each of the first 

transparent substrates is not higher than 10´10-7/°C. 

[Claim 6] 

 A dimming laminate comprising: a dimming substrate unit in which at least 

two dimming substrates each including a dimming function material provided between 

two first transparent substrates are laminated; and a second transparent substrate that is 

bonded through an adhesive layer to one first transparent substrate of two first 

transparent substrates located on an external side of the dimming substrate unit, each of 
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the first transparent substrates having a different average thermal expansion coefficient 

at 50-350°C from that of the second transparent substrate,  

wherein a third transparent substrate is bonded to the second transparent 

substrate through an adhesive layer, and a difference in average thermal expansion 

coefficient at 50-350°C between the third transparent substrate and each of the first 

transparent substrates is not higher than 10´10-7/°C. 

[Claim 7] 

 The dimming laminate according to claim 5 or 6, wherein the average thermal 

expansion coefficient at 50-350°C is equal between the third transparent substrate and 

each of the first transparent substrates. 

[Claim 8] 

 The dimming laminate according to claim 7, wherein the average thermal 

expansion coefficient at 50-350°C in the second transparent substrate is higher than the 

average thermal expansion coefficient at 50-350°C in each of the first transparent 

substrates and the third transparent substrate. 

[Claim 9] 

 The dimming laminate according to any one of claims 1 to 8, wherein a 

difference in average thermal expansion coefficient at 50-350°C between the two first 

transparent substrates is not higher than 10´10-7/°C. 

[Claim 10] 

 The dimming laminate according to any one of claims 1 to 9, wherein the 

average thermal expansion coefficient at 50-350°C is equal between the two first 

transparent substrates. 

[Claim 11] 
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 The dimming laminate according to any one of claims 1 to 10, wherein an 

alkali metal oxide content of each of the first transparent substrates is not higher than 

3% in terms of mol% on the basis of oxides. 

[Claim 12] 

 A multiple glass in which two glass plates are put separately from each other 

through a spacer, and circumferential edge portions of the two glass plates are sealed 

with a seal material,  

wherein at least one glass plate of the two glass plates is the dimming laminate 

according to any one of claims 1 to 11.


