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1. Abstract
We proposed a scheme for an independent-source over-

driven sense amplifier that increases the sensing speed of a | VDD(L5 V)
small signal. The independent-source with distributed drivers ¢g—|§cs o—!{i—l{l Tgr‘:?,‘ér ol
eliminates the disturbance from the neighboring sense amplifi- DLt PCS
ers with low power consumption. Under an overdriving voltage Raestore —sA —sA
of 1.5 V and an array voltage of 1 V, for a retention time of 128  “™V* SAL e s 8Aa — —
ms, the sensing time by the proposed scheme is expected to be NCS
5 ns, which is better than the 7.3 ns by the conventional distrib- ¢n°—H:T‘—fq [LT Sﬁﬁrs&i oo
uted overdriven scheme. The proposed scheme will enable 3- } Small 'H Fall 1
cycle tycp, operation at 200 MHz for multi-gigabit DRAM array. Delayed Early
2. Introduction Fig. I Circuitry and current flow in the D-OD scheme.

The increase in power consumption is a serious problem
for multi-gigabit DRAMs. The power consumption would be

reduced by lowering an array voltage (i.e., data-line swing, ¢.g_[‘l: Lol | Retoreing t\:’gﬁ ;.SSV’
VDL), and, in sub-0.1-pm generation, the array voltage is ex- [gi BT Sk | e (—’
pected to be less than 1.0 V [1]. However, it degrades the read- il i sith ]
out signal for sense amplifier (SA), resulting in the sensing SAOR fiSAlLjpese +SA“+ %g_s 55%5‘5““3 e
speed slower than 5 ns. vppd® M - _{i-‘];l &90 3 A5t amplification]
istri i . < CSL Che
A distributed overdriven (D-OD) scheme has been pro o I,] I.:"'°_rL o 2 Selected

posed as a way of overcoming this problem [1]. In the D-OD 4, * = 2t )
scheme, the sensing time (£S4) is improved by applying a HL T R .+_l_ sl

higher voltage (VDD) to SAs in the early stage of sensing. vss ! ' 0005 10 15 30 40 50
Furthermore, the dependence of the £S4 on the distance from Tirog fie]

the sense-driver is improved by use of the distributed drivers [2] Fig. 2 Circuitry and waveforms of the DSSA scheme [4].

and meshed power lines [3]. This scheme is promising at op-

erations under a VDL of 1.4 V, but it is insufficient for a VDL . VDD(L5 V)

of 1.0V. This paper proposes an independent-source overdriven

SA that can reduce the signal voltage required for 5-ns sensing.

3. Concept behind Independent-Source Overdriven Sense

Amplifier
The problem in the D-OD scheme is caused by the com-
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mon-source configuration, in which the source nodes of the SAs DLt eso”? bt NSn on § [{l
are connected to common source lines (Fig. 1). In the D-OD 08 = Soyrce

scheme, the operation of an SA is disturbed by the neighboring vss + $— - - + Small 'H
SAs. It is possible to reduce this disturbance by use of the inde-
pendent-source configuration. The Decoded-source SA (DSSA)
scheme [4] improves the #S4 of the SAs that are selected by

Full '’

Fig. 3 Circuity and sensing current flow in the proposed scheme.

column selected line labeled as CSL (Fig. 2). However, this _ 150130 mV
improvement is limited to the column selected SAs. Therefore, == a7 102 mV Full 'H' signal:
the unselected SAs have the 1S4 and the restoring time delayed *é'g 100f] 106 mV
more than those in the conventional SA, because of the high 5 o2 20 37 [*~Leakage
impedance of series transistors. ERE so0l . Vth offset

The independent-source overdriven scheme can solve the = f’-—‘:j le—Array noise
problems in the D-OD and the DSSA schemes (Fig. 3). This E_mg Vg -for 5-ns sensing
scheme separates the source nodes of SAs. This allows us to -%ﬂ L
free both NMOS and PMOS source nodes from the neighboring o Vgz, :for 5-ns sensing
SAs. The NMOS source node is connected to a sense-driver, A=l | ,Array noise
which solves the impedance problem. The PMOS source node = §§ -50r 18 ”;Vth offset
is connected to an over-driver and a rest_ore-drlver, which solves ﬁ'f.J 88 o1 20 Full 'L/ signal:
the voltage drop at the VDL power line. Therefore, the pro- g&gﬁ_loo__ 20 87 mV _89 mV
posed scheme can improve the £54 of all SAs. - o (b)Proposed

[n spite of the addition of restore-drivers and disconnection = (;)léoi?% op  Conditions:
of source nodes, the area penalties referred to the D-OD scheme 150} VELSL V.G~ F, Co=Lin i
are about 13% in the SA area and only 2% in the total chip area, Fig. 4 Required signal for 1.0-V array voltage generation.

in the case of 4 Gb DRAMSs.
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4.Simulation

We estimated the required signal voltage for a VDL of 1.0 V
(Fig. 4) by circuit simulations. The parameters used for the simu-
lation are as follows; a cell capacitance Csof 30 fF, a data-line
capacitance Cp, of 110 fF, and a retention time of 128 ms. We as-
sumed the worst cell leakage of 40 fA, while the cell leakage in the
0.2-pm generation was 20 fA [5]. Based on these parameters, we
also assumed (1) the signal loss by the charge leakage of 37 mV,
(2) the signal loss by the Vth offset in SA transistors of 20 mV,
and (3) the signal loss by the array noise of 16 mV for high data
('H") and 21 mV for low data ('L').

We found that the D-OD scheme would require 57 mV for the
'H’, and 73 mV for 'L’ in 5-ns sensing (¥, and Vg, in Fig. 4), and
the total required signal voltages are estimated to be 130 mV for
'H' and 115 mV for 'L'. The available signal voltages are also cal-
culated to be only 106 mV for 'H' and 89 mV for 'L', which, how-
ever, are smaller than the values required in the D-OD scheme.
This means that the £S4 in the D-OD scheme becomes greater than
5ns

Figure 5 shows the simulated waveforms of the data-lines and
current of SAs with a full 'L’ signal and a degraded 'H' signal (55%
signal). The start of sensing by an SA with a full signal (SA1) is
faster than an SA with degraded signal (SA0). During the amplifi-
cation of SA1, the PMOS common source (PCS) level is clamped
by the current supplied to SA1, which results in much smaller
current supplied to SA0. This leads to ¢S4 of 6.8 ns for the degrad-
ed 'H' signal sensing.

Figure 6 shows the simulated waveforms in the proposed in-
dependent-source overdriven scheme. Even if the start of sensing
by SA1 is faster than SAO, the neighboring PMOS-source level
(PS0) is not clamped by the current supplied to SA1. The simulat-
ed PSO is higher than PS1 by 50 mV, and therefore, the current
supplied to SAOQ increases during the early stage of sensing. As a
result, the £54 for the 'H' with a degraded signal was about 4.6 ns,
which is faster than that of the D-OD scheme by 2.2 ns.

We found that the restoring time is 7 ns, which achieves 90%
of the VDL for 'H'. This time is better than those in the D-OD and
the DSSA schemes by 1 ns and 36 ns, respectively. This satisfies
the target of row cycle time of 45 ns.

We also obtained the dependence of the sensing time on the
sensing signal (Fig. 7). In the D-OD scheme, the '"H' sensing in 5 ns
needs a signal of 57 mV in the worst case, which results in only 46
ms for #zz. The slower sensing is mainly due to the disturbance by
the next-neighboring SAs. This is because the 1S4 with only the
next-neighboring SA is almost same as that with the SAs in a row
(512-SAs/source). The signal required in the proposed scheme is
only 30 mV, which, in turn, results in #, more than 128 ms. The
signal required for the 'L' in the worst case is also reduced to 49
mV, which is smaller than that in the D-OD scheme by 24 mV as
shown in Fig. 7 (b).

5. Conclusions

We proposed a scheme for an independent-source overdriven
sense amplifier that increases the sensing speed of a small signal
by suppressing the disturbance from the neighboring SAs. It can
reduce the minimum signal required to achieve the 5-ns sensing by
27 mV for 'H' and 22 mV for 'L". It can also reduce the restoring
time by 1 ns. This scheme will enable the DRAM arrays in next
generation to operate at 200 MHz (f,-,=15 ns) with an array volta-
ge of 1 V and retention time of more than 128 ms.
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Fig 5 Simulated waveforms of the D-OD scheme.
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Fig. 6 Simulated waveforms of the proposed scheme.
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Fig. 7 Dependence of the sensing time on sensing singals.



