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MotivationMotivation
•• 33--D integration can:D integration can:

•• provide larger packing density by vertically stacking several chprovide larger packing density by vertically stacking several chips.ips.

•• improve the performance and reduce the power consumption by improve the performance and reduce the power consumption by 
eliminating long horizontal wiring.eliminating long horizontal wiring.

•• 33--D integration based on waferD integration based on wafer--toto--wafer bonding method is only wafer bonding method is only 
applicable to devices with high process yield.applicable to devices with high process yield.

•• ChipChip--toto--wafer bonding strategy with parallel selfwafer bonding strategy with parallel self--assembly is assembly is 
necessary for high throughput.necessary for high throughput.

FabricationFabricationAbstractAbstract
A fully dry selfA fully dry self--assembly method for chipassembly method for chip--toto--wafer stacking is developed wafer stacking is developed 
in this paper.  The assembly elements and substrate have in this paper.  The assembly elements and substrate have 
complementary and interlocking features that place the assembly complementary and interlocking features that place the assembly parts parts 
in the designated binding sites on the substrate.  Proper inin the designated binding sites on the substrate.  Proper in--plane plane 
orientation is achieved by deploying secondary features on the porientation is achieved by deploying secondary features on the parts and arts and 
substrate.  These features are fabricated by a series of siliconsubstrate.  These features are fabricated by a series of silicon deep RIE, deep RIE, 
sidewall passivation coating and isotropic etching. Experimentalsidewall passivation coating and isotropic etching. Experimental results results 
show 100% assembly is accomplished on substrates with 2cm diametshow 100% assembly is accomplished on substrates with 2cm diameter, er, 
and 95% of assembly is done within 1 minute.and 95% of assembly is done within 1 minute.

Fabrication ResultsFabrication Results

Design of Assembly SystemDesign of Assembly System

Experimental ResultsExperimental Results

•• SelfSelf--assembled parts on substrate. The maximum orientation error is assembled parts on substrate. The maximum orientation error is 
1.7 degrees and the maximum translational error is 1.7 degrees and the maximum translational error is ±± 5 5 µµm.m.

ConclusionConclusion
•• A fully dry selfA fully dry self--assembly method for chipassembly method for chip--toto--wafer stacking was wafer stacking was 

developed.developed.

•• A high assembly yield and a high assembly rate were achieved as A high assembly yield and a high assembly rate were achieved as well well 
as proper inas proper in--plane orientation of the parts.plane orientation of the parts.

•• Multiple stacking of various elements in a designated order can Multiple stacking of various elements in a designated order can be be 
implemented.implemented.
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(a) Assembly part (b) Substrate

(c) Initial assembly state (d) Final interlocked state

(e) Cross section of (c) (f) Cross section of (d)

  

  

  

 
 

(a) Lithography(a) Lithography (b) Isotropic RIE silicon (b) Isotropic RIE silicon 
etchetch

(c) Silicon DRIE(c) Silicon DRIE (d) Passivation film (d) Passivation film 
depositiondeposition

(e) Passivation film DRIE(e) Passivation film DRIE (f) Silicon deep RIE(f) Silicon deep RIE

(g) Isotropic silicon etch(g) Isotropic silicon etch (h) Removal of mask and (h) Removal of mask and 
passivationpassivation
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•• Plot of assembly rate. The error bars indicate the standard deviPlot of assembly rate. The error bars indicate the standard deviation. ation. 
The data are averages of 10 iterations. 95% of assembly is reachThe data are averages of 10 iterations. 95% of assembly is reached ed 
within 1 minute of vibration.within 1 minute of vibration.
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•• Please also have a visit to our groupPlease also have a visit to our group’’s work on micro self assembly, s work on micro self assembly, 
““Catalyst Enhanced Micro Scale Batch AssemblyCatalyst Enhanced Micro Scale Batch Assembly,,”” poster no. 223.poster no. 223.


