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Abstract channel stop for the buried-channel is formed by a p-typdanmip
Three types of submicron CCDs are implemented in singlé8F2, 75keV, 4.0E13/cf). The SEM for the H-CCD with fill-
poly 0.11um CMOS technology to demonstrate the feasibility oc&nd-spill input and floating diffusion is shown in Fig. 10.€Th
multi-aperture imaging systems that produce data frommidiged required sequencing for this design is described in [3].
arrays of CCDs integrated across a monolithic substratst Te The pinned phase buried-channel design is shown in Fig. 11
structures comprising6 x 16 pixel Frame-Transfer (FT)-CCDs With doping profiles plotted in Fig. 12-13. This design is #&mto
with 0.5—0.7um pixels are fabricated under various process co#fie open-pinned phase CCD described in [4] where the chagnel
ditions to implement devices which operate as surface+otian inverted during the integration time. Instead of integrgtcharge
buried-channel and pinned phase buried-channel. Rippegeh under the p-type implant, we integrate charge under therefte
transfer and single electrode charge confinement are ingoleed  With an inverted surface. During the integration time, timire
to minimize pixel pitch. surface is pinned with a large concentration of holes predity
Introduction the channel stops, which reduces the dark current at thédnte
; i ; . ; . An image is captured by integrating photocharge at each
As pixel size is approaching the limits of conventional ogi electrode or at every other electrode for higher well cagadine

improvements in resolution are diminishing. Scaling pixee- | X ) : 4
yond these limits, however, can provide new imaging cajtésil integration begins by depleting the CCDs of charge via feans
to the upper diffusion V0. During integration, the pixel ayr

beyond merely attempting to increase spatial resolutian[i], ) _
we describe a multi-aperture approach to imaging, wheréiy telectrodes are held at an intermediate voltage. At the end of

image sensor is partitioned into an array of apertures, wdtthits  ntegration, the accumulated charge is ripple transferosdby-
own local subarray of pixels and image-forming optics. At row to the_ storage array and then into the H-CCD one p|xel_at
image is focused a certain distance above the sensor sudheha® time until every pixel has been double sampled at the figatin
apertures capture overlapping views of the scene. The s diffusion and_ buffer_ed by the source follower transistor.
are post-processed to obtain both a high resolution 2D image Simulation and Measurement Results
and a depth map. A key feature of this design is in the use %Hmulated potential diagrams along the channel (wherewer t
submicron pixels to obtain accurate depth measurementgeder MaX potential occurs) for several phases are shown for all 3
from the localization of features within adjacent subastay designs in Fig. 14-16. Single electrode charge confinement i
This paper presents the design and characterization of stygchieved in the surface-channel device due to the baresged
of CCD structures implemented in 04m CMOS technol- by the poly gap spacing, Whereas it is achieved in 'the buried-
ogy: surface-channel, buried-channel, and pinned phagedbu cha_nnel device due tc_> the mduceql pockets. The _plnne_d phase
channel. Each CCD structure differs in the location of charg!€Sign uses the self-aligned p-type implants as barriecsnéine
storage during the integration time and in the sequencinthpef the charge. Although the surface potential is pinned to temoel
electrodes during charge transfer. Our surface-chanrsifjdevas StOP potential, the depleted channel under the electrodaires at
reported in [2]. We used the buried-channel CCD design in3higher potential. With sufficient gate voltage, each ofdesigns
multi-aperture image sensor reported in [3]. A new pinneeggh OVercomes the pocket or barrier that crt_aates the conflnear_uht
buried-channel design is implemented to improve dark curreSharge is transfered away from one region and then packed aga
and charge transfer efficiency. at single electrode p|_tch into another. _
Design, Fabrication, and Operation Charge transfer efflcency (CTE) is measured the highesh#or t
We use an FT-CCD architecture to minimize pixel pitch an%urface-channel deV|_ce at_Just above 99.9%. We also fabddhe
liminate metal lavers in the active imaging area. Eash tsurface-chamnel device with p-type channel stops and folad _
;c:rfcture consists of); pixel array, a storagge agrray é bt §he CTE degrades. When the surface channel electrodes dre firs
(H)-CCD, and a source follower re,adout cireuit (see, Fig. The accumulated with holes, the CTE drops to as low as 85% whereas

ﬂL% buried-channel devices don't degrade under this comdit

storage array s covereq by metal .Iayers that are _also u_sed.l_ e conversion gain for the 0.nm pixel is 193:V/e- and
distribute global control lines (see Fig. 2). A photomicragh is 165uV/e- for the 0.7um pixel. There is no significant difference

ing\év:elln a::r:?j.:.crlf;r?:e?lsxtil qunhselstt:iac\);r?elssme?r:z ggyseggf;jovpetween the 3 types of CCDs because the readout transiséors a
! P P {@entical. Despite the use of poly electrodes, the QE isomaisle

Fig. 4. The_ eleptrodes are pf'itterned W'th non-silicidegibton far short wavelengths as shown in Fig. 18. This is due to the th

as shown in Fig. 5. Each pixel array is separated by a wall oft v | dth in bet h electrbge. T

metal layers. The first 2 metal layers are shown in Fig. 6 € poly 1ayer and Ih€ open space in between each electrbee.
n all desi. ns. the polvsilicon is doped b maskin' o.ut thdark current is about 35e-/sec for both the surface and dburie

ans, _Poly bed by 9 channel devices (See Fig. 19). The dark current improves by a

channels as shown in Fig. 7. The polysilicon for the sun‘ac%ictor of 15 for the pinned phase device

channel device is doped N+ and the buried-channel designs ar P Rel?erences ’

doped P+ to. Sh.ift the workfunction closer to. the operatir_lggEa {](.} K. Fife, A. El Gamal, and H. Wong, “A 3D multi-aperture imagensor

of CMOS circuits. The 10s on the test chip were designed 10 rchitecture,” Custom Integrated Circits Conference, pp. 281-284, Sep.

allow both positive and negative voltage sequencing. SERDies 2006.

for each cross section of the surface-channel device anershd?l EM“/?)g-51/6?3Eil><gcl)gfa[f)ne?rgggf7€r CCD image sensor in 110nm CMOS,”

in Fig. _8 and Fig. 9. ElleCtrO.de spacing Pf 18_0nm was qsed M —, A rﬁulti—aperturey imagie sensor with Qurn pixels in 0.1um CMOS

all designs. The polysilicon is 130nm thick with gate oxide 0  technology,’|EEE J. Solid-Sate Circuits, pp. 2990-3005, Dec. 2008.

8nm. The channel stop for the surface-channel device isTBH. [4] J. Janesick, “Open-pinned phase CCD technoloydc.SPIE 1159, 1989.
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Fig. 3.  Photomicrograph of a fabricated

16 x 16 FT-CCD. Two photos are combined

to simultaneously focus on the pixels and the
Fig. 2. CAD layout of thel6 x 16 FT-CCD.  top metal.

Fig. 1. FT-CCD schematic showing the pixel array, frame buffer
H-CCD and follower readout.

\

Fig. 4. Channel and channel stops for the FT-CCD. Fig. 5. Placement of the polysilicon electrodes. Fig. 6. Metal routing and isolation between arrays.

)

Eg'c?anwgt?gﬁ;ﬂrigoegggre% polysilicon such that rjy g - cross-section of the surface-channel CCIFig. 9.  Cross-section of the surface-channel CCD
9 p : along the channel. against the channel stops.
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Fig. 10. SEM of 16-stage H-CCD showing fill/spill input foreetrical testing, floating diffusion for output chargeuoftage conversion, and the reset gate.



T T T T T T T T T T
10"° F 10° F
- 1017 é_ - 1017 é_
7 F il F
\g-/ 1016 g_ 5 1016 g_
2 1015 - =z 1015 é_
1014 é_ 1014 é_
1013 [ 1 1 | 1 | 1013 [ 1 1 | 1 1
) ] ) ) 00 01 02 03 04 05 00 01 02 03 04 05
Fig. '11. Design of the'pmned phase burled-phannel .CC y (ums) y (ums)
showing P+ electrodes with n-type channel against section A ) i i . ) ] ]
and self-aligned p-type barriers against section B. Fig. 12. Simulated doping profile along crossFig. 13. Simulated doping profile along cross-
section A. section B.
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Fig. 14. Potential diagrams for the surface-channel CCDb wsiitgle electrode charge confinement during ripple chagester.
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Fig. 15. Potential diagrams for the buried-channel CCDs witigle electrode charge confinement during ripple chargestea
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Fig. 16. Potential diagrams for the pinned phase buried+wflaBCDs with single electrode charge confinement duringleigharge transfer.
05 P T T T
0.0 ‘\“\\ T PTE L B B — 10f p———T—
\ L 0.6 E
— 051~ \ X 7 > 10 E
= L. tq-" _ . c 05 =
= . Barrier: V2=-1V 2 € 10 3
‘f—‘j 15F V3=-1V = 04 g =
= V2 = w - ©
g Electrode:V2 =-1V 103
< 20 € - g
= Barrier. V2=-1V 3 03 % ok
- arrier: - o~ =
25 V3=3V s a 10°F
3.0 o] 0.2 o
’ Electrode:V3 =3V — easured O 10' A
35 ] ] ] ] = 01 F E F
- - Estimated QE without Poly |
100 L LN VIRRIRINIINE)]
00 02 04 06 08 10 0.0 1 1 1 1 1 1 1 50 0 50 100 150 200
x (pms) 400 450 500 550 600 650 700 750 800

) ) ) ) Wavelength (nm) Dark Signal (e-/sec)
Fig. 17. Pinned phase diagram showing 9 Fig. 19 Dark sianal distribution for th
the barrier potentials relative to the potentials Fig. 18. Measured QE for the buried-channel ccD. ['9; 1¥- Dark signal cistribution for the

under the electrode region at separate phases. buried-channel CCD at RT.



