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Abstract channel stop for the buried-channel is formed by a p-typdamip
Three types of submicron CCDs are implemented in singl8F2, 75keV, 4.0E13/cA). The SEM for the H-CCD with II-
poly 0.11 m CMOS technology to demonstrate the feasibility o&nd-spill input and oating diffusion is shown in Fig. 10. &h
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 comprisind6 16 pixel Frame-Transfer (FT)-CCDs With doping pro les plotted in Fig. 12-13. This design is siaf to
with 0:5 0:7 m 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+uotian 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 con nement are impteed  With an inverted surface. During the integration time, tiire
to minimize pixel pitch. surface is pinned with a large concentration of holes predity
Introduction the channel stops, which reduces the dark current at thddnte
; i ; . ; . An image is captured by integrating photocharge at each
As pixel size is approaching the limits of conventional opi electrode or at every other electrode for higher well cagadihe

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

beyond merely attempting to increase spatial resolutianfi], ) _
electrodes are held at an intermediate voltage. At the end of

we describe a multi-aperture approach to imaging, wheréy t; X o=
integration, the accumulated charge is ripple transferoedby-

image sensor is partitioned into an array of apertures, egtthts . ‘
own local subarray of pixels and image-forming optics. Awa row to the storage array and then into the H-CCD one pixel at

image is focused a certain distance above the sensor sudhgha? ime until every pixel has been double sampled at the @atin
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 %lfmulated potential diagrams along the channel (wherelver t
submicron pixels to obtain accurate depth measuremenigeder M@X 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 con nement i
This paper presents the design and characterization of &stygchieved in the surface-channel device due to the barrested
of CCD structures implemented in 0.h CMOS technol- by the poly gap spacing, whereas it is achieved in 'the buried-
ogy: surface-channel, buried-channel, and pinned phasgedsu cha_nnel device due to the mducec_;l pockets. The _plnned phase
channel. Each CCD structure differs in the location of chargleSign uses the self-aligned p-type implants as barriecsnme
storage during the integration time and in the sequencingef "€ charge. Although the surface potential is pinned to tzpel
electrodes during charge transfer. Our surface-chanrifjdevas StOP potential, the depleted channel under the electradaires at
reported in [2]. We used the buried-channel CCD design in &higher potential. With suf cient gate voltage, each of tresigns
multi-aperture image sensor reported in [3]. A new pinnedgsh Overcomes the pocket or barrier that cr_eates the con nerar_adt
buried-channel design is implemented to improve dark currecharge is transfered away from one region and then packed aga
and charge transfer ef ciency. at single electrode pitch into another. .
Design, Fabrication, and Operation Charge transfer ef.cency (CTE) is measured the highestter t
We use an FT-CCD architecture to minimize pixel pitch an:aurface-channel dew_ce at_just above 99.9%. We also fabddhe
liminate metal lavers in the active imaging area. Eash tsurface-channel device with p-type channel stops and folad
;c:rfcture consists of); pixel array, a storagge grray é bt She cTE degrades. When the surface channel electrodes dre rs
(H)-CCD, and a source follower re,adout cireuit (see' Fig. The accumulated with holes, the CTE drops to as low as 85% whereas

) the buried-channel devices don't degrade under this ciomdit
storage array is covered by metal layers that are also usedT 0. conversion gain for the 0.5m pixel is 193 V/e- and

distribute global control lines (see Fig. 2). A photomiaragh is 165 V/e- for the 0.7 m pixel. There is no signi cant difference

ing\;:lr?elln ;g':éﬁfﬁge?ﬁ qu'nhselsé?];;r?efslnsr:?j Egysezfﬁ?ov\?etween 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 electrodes are patterned with non-silicideggibton 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 of .
metal layers. The rst 2 metal layers are shown in Fig. 6. the poly layer and the open space in between each electrbde. T

; o . . dark current is about 35e-/sec for both the surface and dburie
In all designs, the polysilicon is doped by masking out th . . .
L o channel devices (See Fig. 19). The dark current improves by a
channels as shown in Fig. 7. The polysilicon for the surfac?- . .
LT . . actor of 15 for the pinned phase device.
channel device is doped N+ and the buried-channel designs ar
. . : References

doped P+ to shift the workfunction closer to the operatingge _ . . :

f CMOS circuits. The I0s on the test chip were designed {8 K. Fife, A El Gamal, and H. Wong, "A 3D multi-aperture imagensor
0 UIts. _ p we ar architecture,” Custom Integrated Circuits Conference, pp. 281-284, Sep.
allow both positive and negative voltage sequencing. SERDes 2006.
for each cross section of the surface-channel device ararshd2l —— "A 0.5 m pixel frame-transfer CCD image sensor in 110nm CMOS;”

in Fio. 8 and Fia. 9. El d . £ 180 d in 'EPM, pp. 1003-1006, Dec. 2007.

In Fg. o and FIg. 9. £ _eCtrO_ € spacing o unm was USed ) ____ A multi-aperture image sensor with 0.7 pixels in 0.11 m 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.



- : pixel

V16 _|__——— _J array
vw— MWW W] ]
vis—p T T T T ]
V19 —fa |_

NI : frame

bu Ced

D DD D ] eceo

TS HI5 Hi4 HI3 HO TX
RS
| i ]follower
VP coLB VP

Fig. 3.  Photomicrograph of a fabricated

16 16 FT-CCD. Two photos are combined

to simultaneously focus on the pixels and the
Fig. 2. CAD layout of thel6 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.

)

El'g'C?anwjt?:digﬁrigoegggre% 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.

VP (Fill/Spill Input) FD (Floating Diffusion) VP

N+ diffusion Bulk (Epi) N+ Polysilicon Electrode Metall 500nm P+ Transfer gate N+ Reset gate
Fig. 10. SEM of 16-stage H-CCD showing II/spill input for ettrical testing, oating diffusion for output charge-tmitage conversion, and the reset gate.
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Fig. '11. Design of the'pmned phase buned-g:hannel .CC y ( ms) y ( ms)
showing P+ electrodes with n-type channel against section A ) ) . ) )
and self-aligned p-type barriers against section B. Fig. 12. Simulated doping pro le along cross-Fig. 13. Simulated doping pro le along cross-
section A. section B.
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Fig. 14. Potential diagrams for the surface-channel CCDb wsiitgle electrode charge con nement during ripple chargedfer.
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Fig. 15. Potential diagrams for the buried-channel CCDs witigle electrode charge con nement during ripple chargasfer.
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Fig. 16. Potential diagrams for the pinned phase buried+wflaBCDs with single electrode charge con nement during Iepgharge transfer.
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Fig. 17. Pinned phase diagram showing . . T
the barrier potentials relative to the potentials Fig. 18. Measured QE for the buried-channel CCD. E'g: 1dg, hDark Is'cg:’gaDl dlsthl_lFutlon for the
under the electrode region at separate phases. uried-channe at RT.
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