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MICROMACHINED OPTICAL
DEVICES EXAMPLES

* Photosensor 9/l magers (IR, visible, UV)
e Spectrophotometers
e Light emitters

e Optical modulators

* Fiber optic interfaces

* L enses and other optical components
e Other




BASIC OPTICAL TRANSDUCER CONCEP

Electron/hole pair generation in depletion regions of
semiconductor junctions gener ates voltages/currents.

In photoconductors, but bulk resistance drops dueto extra
photogenerated carriers.

| ndir ect conversion of photons may be used, such as conversion to
heat (can measuretemperature) or to gas expansion (via heat) asin
the Golay cdll.

Photoemission (photonsdirectly releasing electr ons from emissive
surfaces) can also be used (e.g. photomultipliers), but has not been
applied in micromachined devices yet.

For light emission, lasers, light-emitting diodes (recombination),
electroluminescence or incandescence may be used.
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BASIC PHOTOSENSOR CONCEPTS

Therearefour basic types of photosensors:

— photoemissive (electron released from metal by sufficiently ener getic photon)
— bulk photoconductive (no junction - photogenerated carrierslower bulk resistance)

— junction (electron-hole pairs generated in depletion region, can be used as photovoltaics
or photoconductors)

— indirect (conversion of optical to another form of energy that isthen sensed)

Thefirst threeare“direct” and thelast typeis*indirect.”
Direct photosensor s use some or all of thethree basic processes that
contributeto their final gain:

— carrier generation by photons
— carrier transport and/or multiplication

— interaction with external circuit

Thefinal gain of indirect photosensorsis mor e case specific.
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KEY PHOTOSENSOR SPECIFICATIONS

Quantum Efficiency (n): number of carriersgenerated per photon.

Responsivity (R, or R,): ratio of output voltage (or current) to the optical
Input power (V/W or A/W).

Noise Equivalent Power (NEP): amount of light required to yield a signal
just equal to the noise floor = noise voltage (V/VHZz)/responsivity (similarly

for current)
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Detectivity (D*): (VAVB)/NEP, which takesinto account detector area and
bandwidth (noise current is proportional to the squareroot of A and of B).
It can belooked at as a signal-to-noiseratio corrected for these effects.

vAB
NEP

D o

G. Kovacs © 2000




EXAMPLE
DETECTIVITIESAND

IDEAL D*

IDEAL D*
(300K)

- QUANTUM
EFFICIENCIES

RESPONSIVITY

OQUANTUM EFFICIENCY (%)

0.4 06 08

WAVELENGTH (um)
Wavelength (um)

G. Kovacs © 2000



LIGHT ABSORPTION

e A photon flux absorbed into a material falls off
exponentially as,

F(xX) = F,e™

* The absorption coefficient, a, Is characteristic of

each material and is often a strong function of the
wavelength.

e Consideration of this effect in the design of
photosensorsiscritical.
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Device Type

Response Time (s)

Typical
Operating
Temperature

Photomultiplier

> 106

10-7to 10-°

300 (sometimes
cooled)

Photoconductor

1to 106

10-3to0 10-8

4.2t0 300

M etal -Semiconductor-Metal
Photodetector

1orless

10-10to 10-12

300

p-n Photodiode

1lorless

106to 10-11

300 (sometimes
cooled to 77K)

p-i-n Photodiode

lorless

106to 10-°

300

M etal -Semiconductor Diode

1lorless

109to 10-12

300

Avaanche Diode

102 to 104

10-10

300

Bipolar Phototransistor

102

10-6to 10-8

300

Bipolar PhotoDarlington

104

10-5to 106

300

Field-Effect Phototransistor

10

107

300

CCD Ceéll (Metal-Insulator-
Semiconductor Capacitor)

10-5to 10-8

300 (sometimes
cooled)
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INTRINSIC PHOTOCONDUCTOR
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PHOTOEMISSIVE DEVICES

Photons at wavelengths shorter than the
cutoff for the photocathode material
release electrons dueto elastic collisions.

_he

I
max .I:

m

Multiple secondary low-work-function
cathodes (“dynodes’) are used to
provide gain.

Can obtain single-photon sensitivity and
nanosecond time speed.

S Dark current (thermionic, not photonic
\+ emission) isthe major limiting factor,
Phosphor and isamplified by the dynodes.

d : -
Tranasrp])arent i They are used for night vision, nuclear

Anode physics, etc.

|Glass
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Courtesy of Hamamatsu, Inc. G. Kovacs © 2000



IMAGE INTENSIFIERS

G. Kovacs © 2000




PHOTOCONDUCTORS

Photocurrent gain definesthe number of carriers
than can flow for each photogenerated carrier
beforeit recombines.

L ong-lived carriers contribute moreto a changein
conductivity.

|f carriersarenot swept out of the photoconductor

quickly, they can contribute longer.

Photocurrent gainissimply the carrier lifetime
. divided by the transit time.

~ Short transit paths, high mobilities and long

Output carrier lifetimes contribute greatly to increased

Leads Photoconductor gal n.
etalﬁ?fatik Photoconductor s can be 1,000X mor e sensitive
= : than photovoltaics and up to 1,000,000X more
I sensitive than ssmple photoemissive devices.

The CdScdll isaclassic design (with tremendous
sensitivity), and CdS can be applied to silicon
devices.

Side (Cut-Away) View
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Polyimide
Spacer Layer

\

!

Corning 7059 Glass Substrate

} (N Scan Inputs

L Synchro Output

N
N Sensor Elements

> (N Data Outputs

CdSe SENSOR
ARRAY

Glass substrate used with
separ ate amplifier array
torealize a fax machine
scanner.

TIW electrodes used for
contacts (etched with
peroxide).

Evaporated CdSe
deposited and HCI etched.

CdSe“activated” (doped)
using CdS/CdCl,/Cu)
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TYPES OF PHOTOJUNCTION DEVICES

e Photodiodes - ssimple.

Avalanche diodes - inherent gain, very fast (100 GHz
possible), noisy, high voltage.

PIN diodes - common, wide depletion region, fast.

Phototransistors - smple, common.

PhotoDar lingtons - higher gain, lower speed.

PhotoFETSs - not common.

Others...
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PHOTOJUNCTION DEVICES
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TYPICAL PHOTODIODES
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TYPICAL PHOTODIODES
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INTEGRATED PHOTODETECTORS




BRIEF SUMMARY OF PHOTOJUNCTION

DEVICE ISSUES

« WIDE DEPLETION REGION

— HIGHER quantum efficiency (n) since morelikely to get photon interactions....
— LOWER junction capacitance, C,

— LONGER transit time, t, -> slowsresponse, but high rever se bias helps (you normally use
photodiodesin reverse bias and end up with high speed operation)!

« NARROW DEPLETION REGION

— LOWERh
— LARGERC,
— SHORTER t, -> helps speed response, but capacitance may dominate

« BOTTOM LINE: speed isdetermined by threefactors:

— 1) diffusion of carriers generated outside the depletion region into it (reduced by making
the depletion region closeto the surface)

— 2) drift timein the diffusion region (reduced by making it only wide enough to absorb
maximally but not too thin so that capacitance goes up)

— 3) junction capacitance (reduced by strong reverse biasor intrinsic region).
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PHOTOSENSORSIN CMOS

Photodiode

VDD
ek irversion Load Transistor (M1)
(logarithmic 1/V M1
characteristic)
1

Common
Column
Output

Photodiode

(fA-nA Z
photocurrent) ,-._‘

v
\— Source Follower (M2)

Bias
Circuit
. M3 1
Row Selection

» Readily achievable, but need V, insensitive designs!

Reference: Ricquier, N., and Dierickx, B., “Random Addressable CM OS Image Sensor for Industrial Applications,” Sensors

and Actuators, vol. A44, no. 1, July 1994, pp. 29 - 35. G. Kovacs © 2000




CCD STRUCTURES

F 1 Active F o> Active

CCDs are members of the metal-insulator-semiconductor (M1S) class of
photodetectors.

Bias applied to electrode above dielectric causesinversion in substrate so that
photogenerated electron hole pairs are separ ated.

Multiple electrodes can be used to move char ge packets along by changing
the applied potentials.

Can bevery senditive (single photon) and huge arrays can be fabricated.
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Courtesy of Kodak, Inc., Rochester, NY. G. Kovacs © 2000
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Courtesy of Kodak, Inc., Rochester, NY.
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HgCdTe FOCAL PLANE HYBRID
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Courtesy of Texas Instruments, Inc., Dallas, TX.
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MICROMACHINED SOLAR CELLS

Metallization Pyramidal Pits o Solar cellsactually seldom
\ pay back the energy
v required to make them
(typically 8 - 10 yeard!).

Micromachined versions
can be made much more
efficient than conventional
designs by trapping more
photons.

Sunpower, Inc.,
manufactur es such devices.

Light

Silicon Substrate

N+t  Silicon
Dioxide

N DN
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PYROELECTRIC DETECTORS

Output Signal

Incident
Light

polyvinyl fluoride, lithium
tantalate, zinc oxide, €etc.

Example materials. barium
titanate, triglycine sulfate, Black, temperature = T

* These devicescan bevery sensitive to temperature, but have no DC
response (light must be chopped... they behave like capacitorswith
charge generated by photons).

« Want high ratio of pyroelectric to dielectric constant for speed.
* They generally have quite flat responses.
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As Field Oxide

G&;OXIM ﬁ ZnO ON M OS
(POLLA)

e Polla used RF-magnetron
sputtered ZnO (<250°C)
directly above NM OS.

ZnO easlly etched with
acetic.phosphoric:water

CVD_Oxide (1 1: 30)

Thesechipsincluded IR
Sensor s, anemometer s,
chemical reaction sensor
(calorimeters), etc.

Reference: Palla, D. L., Muller, R. S,, and White,
R. M., “Integrated Multisensor Chip,” |IEEE
Electron Device Letters, vol. EDL-7, no. 4, Apr.
1986, pp. 254 - 256.
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ELECTRICALLY POLED PVDF

 PVDF requirespolingin an electric
field to orient dipolesin the film.

Cylindrical Wafer

Focusing
Electrode\A|:\:, \
PVDF Needle at 8 - 15 KV
in—» ‘
—

L

;]

Reference: Asahi, R., Sakata, J., Tabata, O.,
Mochizuki, M., Sugiyama, S., and Taga, Y.,
“Integrated Pyroelectric Infrared Sensor Using
PVDF Thin-Film Deposited by Electro-Spray
Method,” Proceedings of Transducers‘93, the
7th International Conference on Solid-State
Sensors and Actuators, Yokohama, Japan,
June7 - 10, 1993, I nstitute of Electrical
Engineers, Japan, pp. 656 - 659.

Rotating
Chuck
(Grounded)

(@)

e Asahi, et al., demonstrated an electro-
spray method wherein the PVDF was

Motor

poled as it was deposited.

e TheprocessisMOS compatible and

the PVDF can be O, etched.

Etch  AuBlack
Silicon Hole Absorbing

Nitride \ Layer

Aluminum

Silicon
Dioxide
Silicon Substrate

Dioxide

/
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BOLOMETERS

Supporting
Member

Bolometric Detection

Underlying Active
Readout Circuits

Thermally sensitiveresistors are used astemperature (and hence light)
Sensors.

Like pyroelectrics, they have a flat response.

Bolometers have a DC response (no need for chopper).

Micromachined examplesinclude Honeywell IR imagers (vanadium oxide
thin-film sensors).
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HONEYWELL
MICROMACHINED
UNCOOLED IR IMAGER

Source: Wood, R. A., Han, C. J., and Kruse, P. W., “Integrated Uncooled Infrared Detector |maging Arrays,” Proceedings of the 1992 Solid-
State Sensor and Actuator Workshop, Hilton Head Island, SC, June 22 - 25, 1992, pp. 132 - 135.
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COoLD / HOT
T THE SEEBECK EFFECT
1
T

COLD HOT
MEASUREMENT OF
T1 T SEEBECK VOLTAGE
2

Metal B

Metal A (HEAT

/ - RELEASED)
= THE PELTIER EFFECT
: \ || I T
I

COLD
(HEAT
ABSORBED)

Metal B

THERMOPILES

 Thermopilesdirectly

generate electrical signals
through the Seebeck effect.

* They haveflat wavelength

sengitivitiesand DC
I eSPONSES.

They can readily be
fabricated asjunctions
between thin-filmswith
different thermoelectric
powers, such asaluminum
and polysilicon (already
availablein CMOS

Pr OCEsses).
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MICROMACHINED THERMOPILES

Thermocouples Cold
. , Junction

Hot
Junction

Thermocouples /Region

/

- /
Diaphragm
Silicon Ri

Hot
Junction
Region

Choi and Wise made micromachined arrays of thermopileson an
oxide/nitride membrane.

Absor ptivity at hot junctions maximized using bismuth black.
Thermal conductivity of thin films and diaphragm should be minimized.

Many ther mocouplesin series = thermopile, but as numbersincrease, so
does noise.
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$\0? POLY S1

SN
‘i | Sm— E T
BOPED  GATE 510, whir vyiadl —j
]

<100- St

Source: Choi, I. H., and Wise, K. D., “A Silicon-Ther mopile-Based I nfrared
Sensing Array for Use in Automated M anufacturing,” |EEE Transactions on
Electron Devices, vol. ED-33, no. 1, Jan. 1986, pp. 72 - 79.
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GOLAY CELLS

; ) Mirror and Lens Block
Window Pneumatic l Ballasting
Chamber Reservoir

> LLELEELLL

Flexible
Mirror

“—— Photosensor

To Amplifier

Golay cells have flat wavelength responses and high sensitivity.

Despite potential DC responses, they aretypically used with choppersto
minimize ambient temper atur e effects.

| mpinging light is converted to heat that expands gastrapped beneath a
membr ane.

Optical or other methods are used to detect deflection of the membrane.
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TUNNELING GOLAY CELL

Incident Radiation

Robust tunneling tip with
electrostatic feedback.
IR Absorber

Gas expansion force
measured.

Fabricated as adhesive
bonded three-wafer stack,
bulk micromachined.

Vented pneumatic
chamber blocks DC

response and pressure 2uw e
sensitivity. 1 I:DWE “ e

Wide Bandwidth Feedback Circuit
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Reference: Kenny, T. W., Kaiser, W. J., Waltman, S. B., and
Reynolds, J. K., “Nove Infrared Detector Based on a Tunneling
Displacement Transducer,” Applied Physics L etters, vol. 59, no.
19, Oct. 7, 1991, pp. 1820-1822.
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Rods

Cones

M ore photopigment

L ess photopigment

Slow response: long integration time
(can detect flickering light up to 12 Hz)

Fast response: short integration time
(can detect flickering light up to 55 Hz)

High amplification: single quantum detection

Probably less amplification

Saturating response

Nonsaturating response

Not directionally sensitive

Directiondly sensitive

Highly convergent retina pathways

Less convergent retina pathways

High sensitivity

Low sensitivity

Low acuity

High acuity

Achromatic: onetype of pigment

Polychromatic: three types of pigment

Optic nerve

Te[eTe[eJo[TeJeTTe[e]|Te[sT=To[o[ [ o[oT=[e]o] o]

Bipolar cell  Receptor

Ganglion cell

BIOLOGICAL
PHOTOSENSORS

m> Discs

—— Cytoplasmic space

Plasma
membrane

| ——— Cilium

.~ Mitochondria

Synaptic
terminal
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endoplasmic §
reticulum

Ciliu % -

Nucleus al : Source: Darnell, J., Lodish, H., and Baltimore, D.,
2 “Molecular Cell Biology,” Second Edition, Scientific
' American Books, W. H. Freeman and Co., New
York, NY, 1991.
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CHEMISTRY OF
VISION

11-cis-retinal

¢ Carbon #11 \
LIGHT
/ Middle

Log Relative Sensitivity

CHs

CH4
W)\/\ All-trans-retinal 500 00
CH Wavelength (nm)

8

e Photonschange cis- to trans-retinal, and a second messenger
mechanism (cyclic GM P) keeps sodium channels open in membranes

-> a GAIN stage!
* Threetypesof cones provide color vision.
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LIGHT EMITTERS

Light emitting diodes (L EDS)
Diode lasers

Organic LEDs

| ncandescent devices

Plasma sour ces

Electr oluminescent sour ces
Field emitters
Bioluminescence

Other...
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LIGHT EMITTING DIODES

Electron Injection « When aforward biasisapplied
Large Numbers of  me— toan LED, eectronsacquire
enough energy to cross from
the n+ through the depletion
Transitions on the i+ region to recombinein the p+
region (similar for holes
leaving the valence band).

Electrons

side are non-radiative.

Large Numbers of

Holes Photons are emitted with no
phaserelationship to each
other (incoherent).

Very bright LEDs are now
commonplace (>3 cd).

Typical materials: GaP, Direct bandgap, large quantum
GaAs, GaAsP, SIC, etc. eff|C|ency (>800/0)
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Bond Wire

Epoxy Lens

CATHODE
()

Glass
| nsul ator Silicon

Phototransistor
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SILICON CARBIDE

Courtesy Cree, INnc.
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LOW-COST SOLID-
STATE LASERS

G. Kovacs © 2000




HIGH-POWER LASER DIODES




ORGANIC LEDS

Poly(ethylene terephthalate) substrate
+ polyaniline anode + substituted
poly(1,4-phenylene-vinylene) emitting
layer + calcium metal cathode

l l l l Emitted Light (electron source).

L ED output from devicesreported by
UNIAX Corp. visiblein normal
lighting, quantum efficiency = 1%.

Completed devices are flexible.

Multiple colors are possible.

Reference: Gustafsson, G., Cao, Y., Treacy, G. M., Klavetter,
F., Colaneri, N., and Heeger, A. J., “Flexible Light-Emitting
Diodes Made from Soluble Organic Polymers,” Nature, vol.
357, June 11, 1992, pp. 477 - 479.

Image courtesy UNIAX Corp.
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MICROMACHINED INCANDESCENT LAMPS

Nitride p+ Poly-Si Filament  Reactive sealed 2.5
Nitride -y .

um nitride window
with inter nal

(100) p-Type Silicon Substrate vacuum.

PSG Mesa Etch CIanne' e Filaments up to 500
ncnor

= um long, 5 X 1 um
Cr 0SS section.

Broadband IR
emission, 5 m\W
demonstr ated.

Etch Channel Sealed Channel

Etched E:avity

Reference: Mastrangelo, C. H. and Muller, R. S, “Vacuum-Sealed Silicon
Micromachined Incandescent Light Source,” Proceedings of the |[EDM,
1989, pp. 503 - 506.
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electrically-heated poly beam Si 0,
metal

SiN coating passivation
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FIELD EMISSION DISPLAY S

Row Conductors
(transparent)

/
‘ Glass

Control B bl l Tip

Grid—by—r' l‘—r Al‘_r Al‘_r Rtﬂ;ei;/e

| nsul ator A
I nsul ator

Phosphor

Substrate

e LCDsuse 80-90% of their power for backlighting, yet only 4% of the
light reachesthe viewer.

 FEDsprovide electron flux to directly illuminate phosphors (10’ V/cm
easy to generate), with no focusing required dueto short gap.

« Should be at least 2X mor e efficient than L CDs, hencethe big push to
develop them.
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BIOLUMINESCENCE

Movie courtesy Prof. H. C. Heller, Stanford Univer sity.
Source: Purves, Orians, Heller, and Sadava, “Life: The Science of Biology,” Sinauer Associates/W.H. Freeman & Co., New York, 1999.
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LIGHT MODULATORS

e Liquid crystals
e M echanical modulators
e Other?




LIQUID CRYSTAL DISPLAY S

FIELD OFF FIELD ON

Typical drive: AC squarewave,
3-10V PP

Typical speed: 10- 100 ms

1l

/ 7// ‘ ' /4// 7 MOI ecular size: 2nm X 0.5nm
JZ/// . //_;':{;7/,/7 ' diameter

Nematic LCDs have a polarizer of buffed glassand I TO coating, athin
layer of LC (= 10 um), an inner polarizer of buffed glass, and arear
reflector (or nothing if transmissive).

L C molecules continuousdly twist between the buffing orientations and, if
“off,” allow light to follow the twist and pass back-to-front (electrical drive
orientsthe L C orthogonal to the glass and destroysthis effect for a blacked

out region). G. Kovacs © 2000




Fig. 6. An animated liquid crystal advertising display.

Fig.7. The first Iit}uid erystal TV—An electron beam addressed liquid
crystal display (John VanRaalte, 1969). (a) Lower resolution. (b)
Higher resolution. (c) Off-the-air-programming.

G. Kovacs © 2000




G. Kovacs © 2000

SPLAYS

-
-
0p)
>
ad
O

DI

EEZIZ VW

ftExcel




M odulator
Type

Sideand Top Views

Cantilever Beam

Torsiona Plate

Rotation About
Torsion Axis

Membrane

Drumhead

Suspended Plate

MICROMECHANICAL
LIGHT MODULATORS
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An electron-beam deflected

WEST| NGH OUSE micromechanical light modulator was

developed by Westinghouse in the mid-

LIGHT 1970s
MODULATOR Al-coated SiO, “flaps’ supported by

epitaxial silicon posts on sapphire
substrates wer e sealed into a vacuum tube
with a CRT-like electron beam.

Deflection of up to 4° occurred since more
secondary electronswer e knocked off than
theimpinging electrons.

Output viewed through Schlieren optics.

| mages could berefreshed or stored for
hours.

| | nterestingly, the Al stress was controlled
chyesll by adjusting the background O, level
(400 nm incio during evapor ation.

Aluminum  5pm
Gnd\ e E_pitaXid
— — = Silicon Post
| Sapphire
Reference: Thomas, R. N., Guldberg, J., Nathanson, H. C., and
Malmberg, P. R., “TheMirror-Matrix Tube: A Novel Light Valve
for Projection Displays,” |EEE Transactionson Electron Devices, val.

ED-22, no. 9, Sept. 1975, pp. 765 - 775.
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Metal-Coated SiO.,, Membrane

Metal-Coated
SO, [100] Beam Forming
/ T Light Modulator

p-S EtchedWel  /

Galvanometer N Ground Glass
(40 Hz) N Screen

« Several mechanical optical modulatorswere developed at IBM for
computer display applications.

Reference: Petersen, K. E., “Micromechanical Light M odulator Array Fabricated on Silicon,” Applied Physics L etters, val. 31,
no. 8, Oct. 1977, pp. 521 - 523.

G. Kovacs © 2000



TORSIONAL LIGHT MODULATORS

Incident e Texas!|nstruments has been

St developing micr omechanical

| optical modulatorsfor over
Mirer a decade.

Torsiona

Hinge Sacrificial photoresist is
4 used as a spacer, and

| P underlying circuitsare
pariain Ll derived from a DRAM
' pr OCEsSS.

Very thin (=60 nm) Al
torssonal membersare used
and have survived 1 trillion

Actuation
Voltage CyCI S
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| < Mirror

Hinge Support Post

Mirror Support Post \\ // Y oke /
Metal 3 \ N

CMP Silcon
Dioxide

~—Torsion Hinge
Metal

N

Mirror

Support
p%%t Address

Electrode

Mirror
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Grating Up: Reflection

A

—~—
BB B =23 =3

Silicon Substrate

Permalloy

(NigsFe,) Serpentine
Layer' Copper sgrings

/Coils J

V\ ~Silicon v
Mirror Surface RIE Etched
Vias

5mm

Torque from
Permalloy

Incident Laser Beam

Grating Down: Diffraction

Silicon Substrate

Aluminum
Deflection
Electrodes

Aluminum
Mirror Surface
(200 nm)

Silicon Nitride
Membrane
v L v

Silicon
Dioxide

External Magnetic
Field

Electroplated
Silicon Nickel Polysilicon
Nitride
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T25KUY_ X240 @016 100.8U MSME

Clockwise: A) Unassembled “pop-up” corner-cube reflector.
B) CCR after assembly. ThisCCR isnot actuated. The
assembly was accomplished in a single flipping step, using
tweezers provided by MEM S Precision Instruments. C) A
similar but not identical CCR structureisshown in the
partially-assembled state.

Designed in the Sandia SUMMIT 4-level process
Elliot Hui, 7/22/99

Courtesy E. Hui, U. C. Berkeley.

25KV X180
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MICROMACHINED OPTICAL
STRUCTURESAND SYSTEMS

e Optical surfaces
e L enses
 Waveguides

* Optical Switches

o |[nterferometers

e Variablefilters

e Optical “benches’

e |ntegration with CMOS




FIBER-OPTIC SWITCH

cBkKY X12.8 2.5@mm

Courtesy Prof. H. Guckel, University of Wisconsin.

Reference: H. Guckel, K.Fischer, B.Chaudhuri, E.Stiers, SMcNamar a,
" Single M ode Optical Fiber Switch," HARMST’99, Tokyo, Japan, June 1999.
G. Kovacs © 2000




MICROMACHINED "OPTICAL BENCH"

Edge-emitting
laser

Fresnel
Zone Plate

Source (Image): Lee S. S, Lin., L.Y.,and Wu, M. C., “Surface-Micromachined Free-Space Micro-Optical Systems Containing Three-
Dimensional Microgratings,” Applied Physics Letters, vol. 67, no. 15, Oct. 9, 1995, pp. 2135 - 2137.
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MICROMOTOR SCANNED GRATINGS

7y €
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SPECTROPHOTOMETERS

Output \Multilayer
Dielectric
Mirrors

»

Bond \
Pad
. Corrugated Movable

Support | Anti-Reflection  Silicon

Control Input

Coating Mesa
Electrodes

Reference: Jerman, J. H., Clift, D. J., and Mallinson, S. R., “ A Miniature Fabry-Perot

Interferometer with a Corrugated Silicon Diaphragm Support,” Sensorsand Actuators A, vol.

29, 1991, pp. 151 - 158.

e Several groupsare
working on
micromachined
spectrophotometers.

Tunable Fabry-Per ot
Interferometersare
being developed.
Computed-gratings
spectrophotometers

have been
demonstrated.
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TUNABLE SLI

Flexures
Pull To
Increase
Cut-Off
Wavelength

—

Source: Ohnstein, T. R., Zook, J. D., Cox, J. A., Speldrich, B. D., Wagener, T. J.,
Guckel, H., Christenson, T. R., Klein, J., Earles, T., and Glasgow, | ., “Tunable IR
Filters Using Flexible Metallic Microstructures,” Proceedings of the IEEE Micro
Electro M echanical Systems Conference, Amsterdam, Netherlands, Jan. 29 - Feb. 2,
1995, pp. 170 - 174.
G. Kovacs© 2000




GRATING SPECTROMETER
OPERATION

Incident Light

e Light disperses
according to its
wavelength.

e Finegrating pitch of 0.8

Diffraction Grating

Chip Window
um allows for short

- proj ection distance of
er]g;d/etector Y- A% - 4 ~1cm.

e Micromachining isused
Increasing Wavelength to createthe gratings.

B ——
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GRATING FABRICATION

Incident Light

@ e Blazed gratingsare more
efficient than binary.

 Femiletopor ot
azelin aseriesor m

steps.
e Quartz wafers are exposed
using an electron beam
IL_L.IL_HI L_L.I L_L.I L_L.IL_H system. A chromium layer
Binary Phase Grating acts as a maSk for the
successive RI E etching.

G. Kovacs © 2000




LOW-COST SPECTROMETER SYSTEM

Incoming

Lens

Micromachined
Grating

Courtesy G. Yee, Stanford University.
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LOW-COST SYSTEM RESPONSE

He-Ne Laser, 632.8nm

Fluorescein in Ethanol 594nm

Fluorescein in Water 515nm
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Lateral Dispersion (Pixels

Courtesy G. Yee, Stanford University.
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