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ExecutiveSummary

Tunablelenstechnologypromisesto revolutionizethe waysmartphonesachievezoom. Conventionally,smartphonecameras
simulate zoom by employing multiple modules that are each optimized for different focusing distances. Then, image-
processingalgorithmsblendthe informationcapturedby thesemodulesto createa sharpphotograph. Tunablelenseswould
allow a singlecameramoduleto vary its focusingdistance,whichnot only achievesa true opticalzoombut alsoreducesthe
numberof modulesnecessary. Xiaomihaspartneredwith OFILMandNEXTLENSto bring the first smartphonetunablelensto
market. NEXTLENSisaspinoffof Optotune, whichspecializesin tunableopticsfor scientificapplications.

Theliquid lensmoduleis comprisedof a transparentfluid wrappedin a deformablemembranethat canbe shapedby a voice
coil motor system. Byworkingin tandemwith conventionalfixedlenses,the liquid lenscameramoduleiscapableof focusing
distancesbetween3 cmς8 cm. It cantherefore achievea 2.7x opticalzoomandperform doubleduty asboth a macroand
telephotocameramodule,all while comingin at a costcomparableto typicaltelephotomodulesfound in SamsungandApple
flagships.

Thisreport presentsoptical,X-rayandSEMimaging,andEDXandFTIRchemicalanalysisusedto analyzethe liquid lensandthe
entire liquid lenscameramodulein the XiaomiMi MIXFOLD. Weanalyzeeachmajorsystemin the module,includingthe liquid
lens,the fixedoptics,the voicecoilmotor, andthe CMOSimagesensor(CIS).

Cross-sectionalanalysisrevealsthe structuresof eachcomponentand how they fit together to achievethe tunablecamera
module. Delayeringanalysisallowsus to determine the processesand technologynode of the CIS,while chemicalanalysis
identifiesthe materialsusedin the liquid lensandinfraredfilter.

Thisinformation is usedto determine the manufacturingprocessesof the liquid lens and CIS,which are presentedin this
report. We then calculatethe costof eachstep and presentitemizedmanufacturingand BoM coststhat covereverymajor
systemandusethis to estimatethe sellingpriceof the cameramodule.
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Physical Analysis Methodology

Å The camera module is removed from the smartphone.

Å The camera module is separated into the optical module and the filter housing & PCB.

Å The optical module is torn down to extract components

Å Liquid extracted from the liquid lens is sent for FTIR analysis.

Å The lens module (fixed lenses) is extracted and analyzed.

Å The voice coil motor is extracted and analyzed.

Å The filter housing & PCB are torn down to extract components.

Å The IR filter is extracted and analyzed.

Å The CIS is extracted and analyzed.

Å The minor bill of materials on the PCB is itemized.

Å The CIS Die is analyzed by optical and SEM imaging between successive removal of layers to get dimensions, find die 
markings, identify main blocks, identify processes, count pads, etc.

Å A second sample of the camera module is used to take a cross section, and selected areas are analyzed by optical 
and SEM imaging to analyze their structure and geometry.  EDX imaging is used to analyze chemistry.
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Liquid Lens Concept & Mechanism

Radiusof CurvatureandFocusingDistance:

o For spherical lenses, the radius of
curvatureaffectsthe focusingdistance

Mechanism:

o Usea voicecoilmotor to pusha ring against
the liquid-filled sack. The deformationwill
changethe focusingdistance.

Two lenses with different radii of curvature and 
therefore two different focusing distances

©2021 by System Plus Consulting

A liquid lens in two different configurations and 
therefore two different focusing distances

©2021 by System Plus Consulting

A deforming ring controls the focusing distance of a liquid lens
©2021 by System Plus Consulting

LiquidLensConcept:

o A lens comprisedof liquid in a flexible sackcan be
deformed mechanically to control the radius of
curvature.
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Camera Module Overview

Module Cross-Section - Optical View ©2021 by System Plus Consulting

Module Overview showing 
Cross-Sectional Axis - Top View
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OpticsModule Teardown

Optics Module Pulled Apart with Containing Ring Removed  -
Side View with Face of Metal Enclosure Removed

©2021 by System Plus Consulting

Module Cross-Section
w/ Optics Module Indicated
©2021 by System Plus Consulting

Components of the Optics Module - Exploded View achieved with putty
©2021 by System Plus Consulting

metal enclosure (one wall removed)

mobile VCM 
frame

base plate
(one corner 
pillar lost)

fixed lens 
module

containing 
ring
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Liquid Lens Teardown

Intact Liquid Lens  -
Image courtesy of NEXTLENS

Separated Liquid Lens Module with 
Cross-Sectional Axis Indicated

©2021 by System Plus Consulting

Cross-section of liquid lens with punctured flexible membrane - Optical View ©2021 by System Plus Consulting

flexible 
membrane torn 

to separate

containing ring
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Liquid Lens Chemistry - FTIR of Liquid
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SensorDie Overview, Dimensions & Marking

Die Sensor - Overview & Dimensions
©2021 by System Plus Consulting

o Die Area:

o Nb of PGDW per 12-inch wafer:

o Pad number:

o Pixel array area:

o Pixel size:

o Resolution:               

o Color Filter               
Pattern:

o Marking:

Bayer Color Filter Pattern
©2021 by System Plus Consulting

Marking - Optical View ©2021 by System Plus Consulting
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SensorProcess ςTechnologyNode by SRAM CellArea

Logic Die Overview
©2021 by System Plus Consulting

6T-SRAM Cell Area - SEM View
©2021 by System Plus Consulting

o The process uses 6T-SRAM

o 6T-SRAM Cell Area:

o Technology node: 
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SensorDie Cross-Section - Pixel Array

Sensor Die Overview Showing 
Cross-Sectional Plane
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Cross-Section of the Pixel Array - SEM View
©2021 by System Plus Consulting
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Liquid Lens Process - Filling, Laminatingand Singulating
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SensorFront-EndCost- StackingStepCosts

Operation name Step Cost BreakDown

CIS Wafer Preparation

Operation name Step Cost BreakDown

Logic Wafer Preparation

Operation name Step Cost BreakDown

Wafer Bonding

Operation name Step Cost BreakDown

Final Steps on Bonded Wafer
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Liquid Lens - DeformingRing Panel StepCost

Cross-section of Liquid Lens Module with 
Deforming Ring Indicated
©2021 by System Plus Consulting

Process Operation TOTAL COSTBreakdown
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Liquid Lens - Lens Costand SellingPrice

Cost Breakdown Cost Breakdown Cost Breakdown

Low Yield Medium Yield High Yield
Liquid Lens

BOM Cost

Laminate Panels, Singulate & Test Cost

Nb of potential lenses per panel

Nb of good lenses per panel

BOM Cost

Laminate Panels, Singulate & Test Cost

Yield losses Cost

Liquid Lens Total Cost

Gross Profit

Liquid Lens Total Price
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Camera Module - Minor Bill of Materials, Assembly& Test Cost

Minor BOM, Assembly & Test Cost
Low Yield Medium Yield High Yield

Cost Breakdown Cost Breakdown Cost Breakdown

EEPROM Memory

Capacitors

Housing & Structure

Filter

AF Driver

Liquid Lens

Connector

PCB Substrate

Gasket

Minor BOM Cost

Assembly & Test Cost

Yield losses Cost

Total Minor BOM, Assembly & Test Cost
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