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n 
istive random access memory (MRAM) has 
ges as future non-volatile memory, so 
ectures has been studied for a long time 
rantee robust MRAM operation, the most 
 magneto-resistance (MR) degradation. MR 
d considerably as the voltage across the 
l junctions (MTJ) reaches the critical value. 
pes of MRAM reported so far take current-
f sensing scheme to cope with MR deg-

[6]. Due to the large size of current-sensing 
rs, the previous architectures can't follow 
M or SRAM architectures that allow page-
n for high-speed synchronous read-out. In 
 propose a noble MRAM sensing circuit 
 enough to fit into 1~2 column pitches like 
RAMs while providing stable operations.  

e 
s dependent upon the change of voltage 
MTJ. It changes little with a small voltage 
t decreases significantly at higher bias. It is 
 when the voltage reaches the critical value 
not function as a storage element. Therefore, 
ontrol the voltage applied to the MTJ not to 

al value which is in the range of 0.6V~1.0V. 
sensing scheme uses a conventional cross-
ype sense amplifier while keeping the bias 
the MTJ being lower than the critical value.  

d Operation 
s proposed sensing scheme. Our scheme is 
-2T cell structures for larger sensing margin 
eration at high speed. The sense amplifier 
structures as that of DRAM except two 
 and one additional transistor for Ibit current 
 voltage across MTJs remains below the 
e by limiting the gate voltage of pass 
K_SEL) between bit lines and the sense 

ce at each bit-line provides the same amount 
the both MTJs and produce voltages dif-
 the different resistances of the MTJs. The 
nce of MTJs is slightly amplified while 
h the block select transistors. Finally, it is 
d when the sense amplifier is activated. At 
igh voltage at SA,/SA node can be applied 
ross MTJs through the BCK_SEL transistors 

 
and can produce degradation of MR ratio. If the voltage of 
BCK_SEL is kept to half Vdd or below that, the voltage at 
the source node of BCK_SEL transistor cannot exceed 
'1/2Vdd – VTN'. Therefore, without any complicated sensing 
scheme, the voltage across MTJs can be controlled below 
the critical value.  

Fig 2. shows simulated waveform of the sensing ope-
ration. Initially BIT, /BIT are set to Gnd. When a word-line 
is selected and current sources become active, the bit line 
pair shows the voltage difference of about 100mV due to 
the difference of MTJ resistances. Then, the sense amp is 
enabled and the data is fully developed to Vcore (=2.5V) and 
Gnd.  The voltage between MTJ, measured as ‘BIT – pass 
TR’ in the figure, remains less than 400mV during the 
whole operation. 

In program mode, the bit line pair form a current loop so 
that WE is set to the high state[3]. The data at the write 
driver decides the direction of the current through the bit 
line. At the same time, a digit line driver is enabled and 
Idigit current flows through the digit line. Therefore Ibit and 
Idigit make magnetic field that can reverse the polarization 
of the soft layer of MTJ. The low gate voltage on 
BLK_SEL transistor shows high resistance during write 
operation. This is not desirable because the write operation 
requires large current of about 1mA on the bit line. So, 
voltage control circuit is added to switch the gate voltage 
to full Vdd in program mode. 
 To verify out sensing circuit, we designed 256-bit syn-
chronous MRAM using 0.35µm technology. The resistance 
of the MTJs are 20k and 29.5k (the MR ratio is 30%).  
Fig 3. shows the array schematic of the full chip. The cell 
array consists of 8 word line and 32 bit line pair, so that the 
total size is 256 bits. We adopt shared sense amplifier 
structure. Our sense amplifier has small enough that the 
layout can fit into 4-cell pitches. Once a word-line is 
selected, 32 sense amplifiers are activated at the same time 
and 32 bit data are latched for high-speed read-out 
afterwards.   

Simluation Result 
Fig 4. shows a full chip simulation result at 100MHz 

burst mode operation(CL=2, BL=4). The simulation shows 
one burst-mode write and one burst-mode read. The data 
(1,0,1,0) is written to the cell first, and read out in the next 
cycle. Fig 5. shows a full chip layout. Even though the 
current implementation contains only 256bit cells, it can be 
readily extended to ~Mbit MRAM once TMR uniformity is 
guaranteed. 
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3.Conclusion 
By means of limiting control signal voltage, we can 

safely adopt the sense amplifier of DRAM to an MRAM. 
The size of this sense amplifier is small enough to fit into 
the 4-cell pitch, so the page mode can be possible in 
MRAMs. 256bit synchronous MRAM is designed using 
0.35µm technology, and it shows reliable operation at 
100MHz.   
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Fig 3. Array schematic  
 

 
 

Fig 4. Full chip simulation  
 

 

Fig 1. MRAM sensing circuit 

 Fig 2. Simulated waveforms Fig 5. Full chip layout 
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