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Target of Floating Body RAM 
(FBRAM)

• High performance RAM,
which can replace eSRAM.

• Large Density RAM,
which can replace eDRAM.

Hi h f /L d it RAMHigh performance/Large density RAM, 
which can be used as an embedded memory

ith Lo Fabrication Cost
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with Low Fabrication Cost.
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FBRAM Technologies

Overview of FBRAM development

Bit Line (M2)

FBRAM Technologies
 Cell Concept (ISSCC2002)

 Substrate Plate Cell (VL2004)

Word Line

 Substrate Plate Cell (VL2004)

 FD Operation (IEDM2004)

 Salicide for Array Device (IEDM2004)

 128Mb FBRAM (ISSCC2005)

@ 90nm Tech. 

Well Design Optimized for Array &
P-plate

Well Design Optimized for Array &

Supprot Device (IEDM2005)

 Cu Wiring used for SL and BL

Source Line (M1)
Thin BOX (25nm)

Salicide
Substrate Plate
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(IEDM2005)

 Scalability Estimation (IEDM2006) 
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Thin BOX (25nm)Substrate Plate
 Single Cell Operation (IEDM2007)

 Autonomous Refresh (IEDM2008)



Issue for Scaling
 Large Signal 
 K Vth 0 40V Keep Vth ~ 0.40V

 L R t ti Ti Long Retention Time
 Suppress Emax ~0.70MV/cm

 Array Functionality
 Keep Signal-to-Noise Ratio (SNR)

SNR = Vth / σVth > 18
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Scalability of Partially-Depleted and 
Fully Depleted FBCFully-Depleted FBC
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Memory Array Yield vs SNRy y
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Structure of Scaled FD-FBC
32nm65nm 45nm
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Lg=55nm
Cell size=0.02035m2

Lg=110nm
Cell size=0.068m2
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Cell size=0.0336m2



Id-Vg and Emax of Scaled FD-FBCg
32nm65nm 45nm
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Emax of 0-cell
=0.70MV/cm

Emax of 0-cell
=0.70MV/cm

Emax of 0-cell
=0.74MV/cm



Vth Distribution & SNR
@ 90nm Generation@ 90nm Generation
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TCAD Estimation of Vth Distribution & 
SNR @ 32nm Generation
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vth vs Channel Conc.
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Na = 5×1016cm-3
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Parameters of Scaled FD-FBCParameters of Scaled FD FBC

90nm 65nm 45nm 32nmG eneration

C ell Size (m 2
) 0.137 0.068 0.034 0.020

Tsi (nm ) 42 32 21 16

B ody C onc (cm
-3
) 3.E+17 2.E+17 1.E+17 5.E+16

b ( )u
c
tu
re

Tbox (nm ) 25 17 12.5 9
Lg (nm ) 150 110 75 55
Tox (nm ) 6.0 5.6 5.2 4.8
V w lh (V ) 1.5 1.35 1.2 1.0

S
tr
u

( )
V w ll (V ) -2.3 -2.0 -1.7 -1.45
V blh (V ) 2.2 1.9 1.7 1.5
V bll (V ) -1.5 -1.2 -0.9 -0.7
V pl(V ) 3 0 2 7 2 4 2 1

B
ia
s

V pl (V ) -3.0 -2.7 -2.4 -2.1
V th1(V ) 0.31 0.24 0.21 0.24
V th0 (V ) 0.72 0.66 0.67 0.67
V th (V ) 0.41 0.43 0.45 0.43

e
su
lt
s
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Em ax (M V /cm ) 0.72 0.70 0.70 0.74
SN R 18.3 17.9 17.9 20.5

R
e



SSummary
FBRAM b did t f f t hi h fFBRAM can be a candidate of future high-performance 
/large-density embedded memories with low fabrication 
costcost.

FD-FBC is scalable down to 32nm node keeping signalFD-FBC is scalable down to 32nm node keeping signal 
margin (threshold voltage difference), retention time, and 
signal noise ratio (SNR) constant.
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