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Abstract
A positive feedback S/A is proposed that can ahiev
500ps array read latency for 1Mb twin 1T1MTJ
STT-MRAM designed in 90nm CMOS/40nm MTJ under
8.5ns write latency. This S/A also relaxes the iregqoent
on MTJ’s thermal stability factofi=E/k,T to ‘4>70" from
‘A>90’ in the conventional S/A estimated with the cend
tion of 1FIT error rate in 10 years for 256Mb arnaigh
the same design rule.
1. Introduction
Static power increase in cache memories is onéhef t
bottlenecks in improving computer performance.sltek-
pected that high-performance nonvolatile (NV) meew®r
using spin-transfer-torque magnetic tunnel junction
(STT-MTJs) will be applied to the cache to reduee stat-
ic power drastically. There have been proposed rabve
differential pair type STT-MRAM cells for perfor-
mance-oriented applications [1]-[3]. However, thsizes
are large for the high-density applications. A deralwin
1TIMTJ cell was proposed [4]. However, the access t
(4ns) is not fast enough. In this paper, we proppA
with positive feedback loop to latch the sensingewvery
fast. This scheme also provides substantially rded
turb-free data sensing.
2. Cell and S/A Design

high-speed signal sensing for twin 1T1MTJ STT-MRAM.

The scaling trend of MTJ switching time in the twin
1TIMTJ cell is shown in Fig. 5. In the simulatioribe
channel width and the gate length of the PFET teec
device is kept constant at 064 and 0.um, respectively.
The cell can be switched in 8.5ns for 40nm size MTJ

3. Read Disturb Failure Rate

Fig. 6 shows the simulated currents flowing throwgh
pair of MTJs in a cell for the both sensing schentegs
shown that the disturb current is suddenly attestlidue to
the positive feedback loop in the proposed S/Aleviie
read disturb current continues to flow in the camignal
sensing scheme. The read disturb-failure rate @&M&b
twin 1TIMTJ STT-MRAM with 512b parallel read using
the proposed sensing scheme is shown in Fig. 7fasca
tion of the MTJ's energy barrier normalized by that
energyE/k,T compared with the retention-failure rate. The
read disturb-failure rate is shown smaller than rbien-
tion-failure rate. On the other hand, the failurk tbe
STT-MRAM with the conventional S/A is limited byae
disturb and E/k,T > 90’ is required for realizing the macro
whose failure rate is less than a few FIT. By aghgpthe
proposed S/A, the required energy barrier is lichibg re-
tention and relaxed toE/k,T > 70’, which falls within a
realizable range [6].

The 512b parallel write current of 256Mb twin 1T1MT

Fig.1 shows the proposed S/A scheme compared witiSTT-MRAM using the architecture was simulated toneo

the conventional one [5] for twin 1T1MTJ cell. Then-
ventional sensing scheme relies on a differentiapldier
such as a current mirror type, the sensing of wridather
slow. On the other hand, the proposed S/A can latphir
of sensing nodes very fast, because the sensimgris
formed in a positive feedback loop that is formadthe
current path.

Fig. 2 is the actual implementation of the cell dhd
S/A into the 2kb unit (256 rows by 8 columns). AASInd
a DQ buffer (DQB) are shared among eight columrie T
unit is repeated 16 times in the row direction takm a
64kb cell array. Fig. 3 shows a 1Mb twin 1T1MTJ
STT-MRAM macro consisting of sixteen 64kb cell gsa

Fig. 4 shows the array read latency simulated ler t
1Mb twin 1T1MTJ STT-MRAM with the proposed posi-
tive feedback S/A that is compared with the conesal
current mirror S/A. The signal development timesvinich
the voltage difference between a pair of bit liBs and
BBL) is amplified to 80mV are compared. The prombse
S/A can develop the signal in 500ps, while the emtional
S/A takes 2.1ns for the signal amplification. Thius posi-
tive feedback sensing scheme is shown to be eftedti

pare with 6TSRAMSs as shown in Table I. It is muohafier
than low operating power (LOP) SRAM and even smalle
than low standby power (LSTP) one, due to the elatidon
of static current in cells.
4, Chip Features
Fig.8 shows the microphotograph of the 1Mb twin WD
STT-MRAM measuring 1.4mfmbeing 59% reduction from
the 4T2MTJ counterpart [3] due to the cell sizeuatithn
and the elimination of PL drivers used for the pogating
in the 4T2MTJ STT-MRAM. Fig. 9 is the operational
waveforms of the chip. Table Il summarizes the ez of
the 1Mb twin 1T1IMTJ STT-MRAM.
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Vy=1.2V Table | 512b write current of 256Mb twin 1T1IMTJ Table Il Features of 1Mb twin 1T1IMT STT-MRAM.

STT-MRAM compared with 6T SRAMs.

o STSRAM 1Mb twin 1T1IMTJ STT-MRAM
mvm T T Process 90nm CMOS (Lg=100nm) + MTJ
str-mram| LOP LSTP - 5
Cell size 0.88um
Power supply voltage 0.9V 0.9V Macro size 1.4Omm2/1Mb
Total Current/256Mbit 77mA 146 | 138ma Cell efficiency 66%
(Write cycle @15ns) Supply voltage |10V
& | Write Current/512bit 70mA 0.18mA Organization 64k word x 16bit
_§ Write Current/cell 136UA 0.36 HA Access time 400ps (Vg=1.0V,RT)
ST 7T -~
Fig.9 Measured operational waveform of g |AravControl Current/S12b)  7mA | _4mA | |Read current 52mA (Vga=1.0V, 2ns cycle)
1Mb twin 1TIMTJ ST-MRAM. @ | static Current/256Mbit 0 1.46A r134mA Write current 23mA (Vg=1.0V, 5ns cycle)
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