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enables costs to be reduced; since it has no bias circuit. 
The parasitic capacitance is utilized as the charging load at 
the drain of N3 transistor. To decrease the charged voltage, 
the threshold voltage of the two inverter composed of 
NMOS transistors N4, N5 and PMOS transistors P2, P3 
have been added. This will result a shorter charging time of 
BL and makes the lower read power dissipation. 
Additionally, the newly designed voltage type SA is 
capable of resisting the degeneration features of the 
floating gate transistor by using a voltage sensing method 
rather than a current sensing method. The transient current 
and charges for charging in one read process are described 
respectively: 

                 
( 	 ) = 	β	(V −	V − V 	)  ,        (5) 

   β	(V −	V − V 	) dt =	 C 	(V −	V 	)	, (6) 

where VBLT is the transient voltage of the BL,CN3 is the 
parasitic capacitance at the drain of N3 , and T is the 
charging time  =	 		 	 /(2 ). 

Using equation (5) and (6), the average charging time 
and current can be obtained during one read period. 

 
Results and discussion 
 

The 27oC operating condition for the modified 
voltage-type sense amplifier and the conventional sense 
amplifiers have been designed and simulated in CEDEC 
0.18-μm CMOS process. Simulations is executed to 
evaluate the circuit performance of the modified sense 
amplifiers with the previously reported voltage-type SA 
[12]. The transistors involved in the sensing circuitry were 
of equal size W/L= 0.18μ/0.18μ. The significant design 
factors are C1=0.1pF, SG=3V and CG=1.5V.  

By using the critical design parameters listed in above 
table the output data (Vout) for the modified SA is shown in 
Fig. 3 under 2.6V power supply voltage. As shown in Fig. 
4, the modified voltage type SA reads ‘0’ data at the 
beginning. At 0.4μS the SA reads ‘1’. The circuit is also 
able to work >2.6V, but above this operating voltage, the 
circuit experience noises. 

 

 

Fig. 3. Simulation results of voltage SA for a 2.6V power supply 
 
Furthermore, depending on the principle of the 

memory cell, VCG in equation (1) is the best value for 
voltage sensing and a lower voltage can be set for VCG. 
Using equation (2) and regulating the threshold voltage of 
the inverter in Fig. 3, the modified voltage mode SA is 

capable of operating at voltages as low as 1V. The Vout 
data for a 1V power supply voltage are shown in Fig. 4.  

The simulation results in Fig. 4 shows that the voltage 
required by the voltage-type SA can be significantly 
reduced from 2.6V to 1V, where the voltage was controlled 
by CG. In order to show the correct behavior of the 
voltage-type SA, the power supply voltage is set to 1V and 
the capacitive load to 0.1 pF.  

 

 

Fig. 4. Simulation results of the average current Icn, Vout and VBL 
 
The corresponding current consumption for the 

modified voltage-type SA is also shown in Fig. 4. Here the 
average current consumption during the read period is only 
43μA for the maximum clock speed of 20MHz. This 
feature is useful for some electronic systems focused on 
low voltage and low power such as RFID transponder. 

Fig. 4 also presents a comparison results among the 
Vout data, the average current consumption during the read 
period, and the corresponding bit line voltage under 1V 
power supply voltage. The figure further proves that the 
SA is capable of operating at a voltage as low as 1V. The 
circuit is also able to work <1V, but in this operating 
voltage, the circuit experience noises. 

Generally, the required working temperature range of 
the RFID tag is from −25°C to 85°C. As, the modified 
voltage-type SA circuit is able to work within the 
temperature range from −25°C to 125°C. Therefore, this 
modified circuit has no power differentiation in working 
temperature of RFID tag.  

A comparisons study of voltage-type sense amplifiers 
between this work and Liu et. al with minimum and 
maximum voltage level is shown in Table 1. From the 
study, it is shown that the circuit is able to work within 1V 
to 2.6V power supply voltages, which is lower than the Liu 
et. al. 

 
Table 1. Comparison study of voltage-type sa between liu et. al. 
and this work 

Research  
Vdd 
(Min) 

 
Vdd   
(Max) 

 
CMOS 
Technology 

Liu et. al.  1.4V  3.3V  0.35 μm 
This Work  1V  2.6V  0.18 μm 

  
The modified low voltage-type SA circuit layout is 

designed in CEDEC 0.18-μm CMOS process. In Fig. 5, the 
completed chip layout of the modified low voltage SA is 
presented. In this layout, the capacitor connected with the 
control gate transistor is about 0.1pF. This small capacitor 
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