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This paper presents a new CAD tool — F3D - for eateu3D capacitance and distributed RC model etidrador
image sensor designs. Image sensor designs inoladg structures and circuits that are very semsttivcapacitive
and resistive effects caused by metal interconrautisdevices. These effects can be unintentiomalparasitic — such
as floating diffusion (FD) node capacitance beingacted by parasitic capacitance between metatctpoly
structures, or delays along clock or signal netsed by distributed RC effects, or intentional ehsas capacitance of
MIM or MOM structures used in sample and hold diisUADCs, and other circuits. F3D overcomes litiitas of
existing parasitic extraction tools and field sod/eand enables a predictive accurate capacitarizacton and
distributed RC model generation, automated idexaifon of all relevant capacitive coupling compasermncluding
long-range coupling, and detecting even small (dewd.01% or better) capacitance mismatch causeayloyt effects.

F3D is a rigorous field solver based on stochastitlom walk method (see Figures 1 and 2), enaldapacitance
extraction of complex three-dimensional large-asgactures — such as pixels, arrays, and preciai@log circuits
(ADC, electrostatic shields, etc.). Unique featuséshe tool — user-definable capacitance calcmtaticcuracy, mesh-
less simulation method free from boundary conditeomd meshing artifacts, integration with standafryspal
verification flows, SPICE-compatible output (DSRIE) and ease of use — make it superior to exjgpiopular parasitic
extraction and field solver software tools. Applioa of F3D for calculation of floating diffusiorFD, or sense node)
capacitance with varying metal layouts shows arelewt agreement with the measurement data. Exargdlé-3D
application for other structures and circuits esticn are presented as well.

FD capacitance determines the pixel conversion, gaid it should be designed to a specific targhtevaCapacitance
of small-size pixels is dominated by the coupliagacitances between the FD metal net and neighporéatals (Fig.3).
Capacitance tuning can be easily achieved througflalrfayout optimization — provided that the cafauie extraction
tool is reliable and accurate. Fig. 4 illustrataseacellent agreement between simulation and measnt results. F3D
predicts the capacitance trend for varying metgblds with absolute accuracy, and the total FD cidgace values
with one-point calibration (F3D does not simulagengconductor electrostatics and thus does not expra junction

and other non-linear capacitive semiconductor &jec

At the same time, F3D can be used as a generabpeifarasitic extraction tool providing guarantaecuracy on large
designs. One of breakthrough applications is shgr- accuracy extraction of nets with nominally ategtd or

weighted capacitances, such as in capacitor baA&f ADCs. Due to a close proximity of column AD@aused by
pixel pitch constraint), parasitic coupling frometbapacitor plates to the “outside world” violafgefect capacitance
weighting and leads to integral and differentiahliveearities (INL and DNL) and loss of ADC resotuti F3D enables
to detect capacitance mismatch as low as 0.01%etuify the root causes of the mismatch, and tbuechieve a more
reliable and higher performance designs from §iton. It should be noted that MIM and MOM cagacs can be
treated as interconnects and simulated with F3xctdeve higher accuracy, rather than relying ompbstic device

models utilized with most parasitic extraction fbased on area and periphery capacitance comgpnen



Fig.1. lllustration of the floating random walk rhetd as applied for capacitance extraction probkemarge number of
random walks (consisting of a series of hops) tadex] from the Gaussian surface of a net to gédtistical estimate
of the capacitance coupling between this net dnatlaér nets. Probabilities of hops are determimg&reen’s
functions of the electrostatic potential. Randontkwautomatically find all the nets that are capeely coupled to the
net of interest.
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Fig.2. lllustration of random walk method convergeffior calculated capacitance and reduction oistiz! error of
capacitance value with increase of the numbermadoem walks.
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Fig.3. Example layout showing couplings betweenard neighboring metals.
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Fig.4. Comparison between measurement and simuleggults of FD capacitance.



