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Abstract: Complementary metal-oxide semiconductor (CMOS) 

consist of n-type metal-oxide semiconductor field effect transistor 
(NMOS) and p-type MOSFET (PMOS). In common practice, only 
three terminals of these transistors are used, namely gate, source 
and drain. Meanwhile, the fourth terminal, which is body 
terminal is tied to source. Changing body terminal bias causes the 
transistor to have a body effect. In this work, optimum body 
biasing for 0.13 µm NMOS and PMOS are identified. Effect of 
body biasing to the MOSFETs are investigated. In addition, how 
body biases affect CMOS circuits are also observed. Three type of 
body biasing are considered, namely Forward Body Biasing 
(FBB), Reverse Body Biasing (RBB), and Dynamic Threshold 
MOS (DTMOS). Drain current, Id versus gate voltage, VG and 
drain current, Id versus drain-source voltage, VDS for FBB, RBB 
and DTMOS are simulated to determine the optimum operating 
point for each biasing technique. To observe the effect of body 
biasing techniques on the circuits, inverter and common source 
amplifier are constructed using FBB, RBB and DTMOS. In 
addition, the circuits also constructed in zero body biasing (ZBB) 
for comparison. The results show that, optimum body biasing is at 
0.6 V for all three body biasing techniques. FBB and DTMOS 
cause the threshold voltage, Vth to decrease but increase the 
leakage current. On the other hand, RBB causes increase in 
threshold voltage, Vth yet reduces the leakage current of the 
CMOS. The results obtained in this work will enable other circuit 
designers to determine the optimum FBB, RBB and DTMOS 
operating point. 

   
Keywords: Body biasing, dynamic body biasing, forward body 

biasing, reverse body biasing, threshold voltage.  

I. INTRODUCTION 

Complementary Metal Oxide Semiconductor (CMOS) 
technology has been one of the most popular technologies in 
the computer chip design industry and is now widely used in 
many applications for integrated circuits [1-3]. This 
technology makes use of both NMOS and PMOS transistor 
devices. The transistors consist of four terminals, namely 
gate, drain, source and body. In practice, the body terminal 
(also known as bulk terminal) of the MOSFET is simply 
assumed to be tied down to the source terminal, which give a 
zero voltage drop between source and body terminals, VSB = 0.  
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If the body terminal is biased, source-body voltage, VSB is 
no longer zero, causing body effect. Body effect changes the 
threshold voltage of the transistor.  

There are three body biasing techniques, namely Forward 
Body Biasing (FBB), Reverse Body Biasing (RBB) and 
Dynamic Body Biasing (DBB). DBB is also known as 
Dynamic Threshold MOS (DTMOS). Several studies have 
been carried out to adopt techniques of body biasing in 
circuits such as low noise amplifier (LNA) [4], wireless 
sensor network (WSN) [5], power amplifier (PA) [6], floating 
current source (FCS) circuit [7], voltage differencing buffered 
amplifier (VDBA) [8], ultrahigh frequency (UHF) 
micropower rectifiers [9] and static frequency divider [10]. 
FBB helps to achieve low power consumption [4-5]. 
Meanwhile, RBB helps to improve linearity and power added 
efficiency (PAE) of the PA [6]. Besides, DTMOS allows the 
circuit to operate at ultra-low voltage and ultra-low power 
consumption [8-10].Each body biasing technique requires 
different dc biasing and has different effects on the circuit. A 
proper body biasing is needed to ensure that the circuit 
functions properly. The aim of this work is to determine the 
optimum operating point for NMOS and PMOS transistor 
when body biasing is applied to the transistor. In addition, the 
effect of each body biasing technique to circuits are observed. 

II.  BODY EFFECT 

In MOSFET structure, P-N junction between substrate and 
doped region (source/drain terminals) forms intrinsic body 
diodes (also known as parasitic diode). Fig. 1 shows the 
intrinsic body diodes in an NMOS. In MOSFET operation, 
these body diodes must be in reverse bias. Normally, the body 
terminal is assumed to be connected to the source terminal 
resulting in no biasing for the body diode between source and 
body terminals. Nevertheless, the difference in voltage 
between source and body terminals in body biasing technique 
causes the body diode to influence the MOSFET. Therefore, a 
proper biasing of the body is necessary to ensure that 
MOSFET operates in an appropriate region. 

 
Fig. 1. Intrinsic body diodes in NMOS structure 
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A non-zero voltage drop between source and body 
terminals, VSB cause the MOSFET to have a body effect. The 
body effect describes the threshold voltage, Vth changes due to 
the change in the voltage of the source-bulk, VSB. The effect 
can be expressed by the following equation, where Eq. 1 and 2 
represents threshold voltage for NMOS and PMOS, 
respectively.  

 
 
 
where Vth0 is the threshold voltage when VSB = 0, γ is body 

threshold parameter, ϕN & ϕP are surface potentials for NMOS 
PMOS, respectively and VSB & VBS voltage drop across source 
and body terminals for NMOS and PMOS, respectively. For a 
low supply voltage, surface potentials, ϕN (or ϕP for PMOS) 
can be neglected when compared to VSB (or VBS for PMOS) 
[11]. As depicted in Eq. 1 and 2, the positive VSB value 
increases the NMOS Vth but reduces the PMOS Vth value. On 
the other hand, the negative VSB value decreases the NMOS 
Vth but increases the value of PMOS Vth. 

III.  BODY BIASING TECHNIQUES 

Three body biasing techniques are available, namely 
Forward Body Biasing (FBB), Reverse Body Biasing (RBB), 
and Dynamic Body Biasing or also known as Dynamic 
Threshold Voltage (DTMOS). FBB can be obtained if the 
body voltage, VB is greater than the source voltage, VS for 
NMOS or VB is lower than VS for PMOS. On the other hand, 
VB must be smaller than VS for NMOS or VB greater than VS 
for PMOS to obtain RBB. For DTMOS, the gate terminal 
needs to be connected to the body terminal. Fig. 2 shows the 
symbol of FBB, RBB and DTMOS. 

 

Fig. 2. Symbol for MOSFET with (a) Forward Body Biasing 
(FBB), (b) Reverse Body Biasing (RBB) and (c) Dynamic 
Body Biasing (Dynamic Threshold Voltage, DTMOS). 

IV. OPERATING POINT 

In this work, circuits are constructed and simulated in 0.13 
μm CMOS technology using Mentor Graphic. Fig. 3 shows 
the FBB and RBB operating point simulations for NMOS and 
PMOS. For DTMOS operating point simulation, body 
terminal is connected to gate terminal as shown in Fig. 4.  In 
addition, zero body biasing was also simulated for 
benchmarking purposes. For the zero biasing, the body 
terminal is connected to the source terminal for both PMOS 
and NMOS.  

 
Fig. 3. The FBB and RBB operating point simulation for 

(a) NMOS and (b) PMOS 

 
Fig. 4. The DTMOS operating point simulation for (a) 

NMOS and (b) PMOS 
In these simulations, DC sweep analysis were used. The 

VDS was swept from 0 to 1.2 V, with 0.1 V step, and drain 
current, ID were observed.  For FBB and RBB, the VSB was 
swept according to biasing technique. The VDS sweeping is to 
determine the optimum supply voltage, meanwhile VSB 
sweeping is to determine the optimum body voltage.  The VSB 
sweeping voltage for FBB and RBB is shown in Table 1. The 
gate voltage, VG was biased so that the transistor remains on. 
Therefore, for NMOS, VG was set to the supply voltage, 
meanwhile for PMOS, VG was connected to ground. 

Table- I: VSB sweeping voltage for FBB and RBB 
Transistor Biasing technique VSB (V) 

NMOS 
FBB 0 to 1.2 V 

RBB 0 to -1.2 V 

PMOS 
FBB 0 to 1.2 V 

RBB 0 to -1.2 V 

For DTMOS, the body voltage was connected to the gate 
voltage, VG. The VG in Fig. 4 is swept from 0 to 1.2V with 0.1 
V step. 

A. Effect on circuit 

Inverter and common source amplifier circuits as shown in 
Fig. 5 and 6, respectively, 

 

             (1) 

             (2) 
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were constructed using FBB, RBB and DTMOS.  In addition, 
for benchmarking purposes, circuit with zero body biasing 
(ZBB) was also constructed and simulated. 

 
Fig. 5. Inverter 

 
Fig.6. Common source amplifier 

Supply voltage of 1.2 V was used for inverter and amplifier 
circuits with ZBB, FBB, and RBB. On the other hand, the 
supply voltage of 0.6 V was used for DTMOS. The selected 
body voltage for FBB and DTMOS was 0.6 V.  It was -0.6V 
for RBB. The voltages were selected based on the optimum 
point of operation obtained in simulations. For each body 
biasing technique, power dissipations were observed. For the 
common source amplifier circuit, the gate terminal was given 
an input signal with an input frequency of 1 kHz and 
amplitude of 10 mV.   In this work, to investigate the effects 
of dynamic biasing on the circuit, DTMOS was applied to 
both NMOS and PMOS. In reality, however, dynamic body 
biasing for NMOS cannot be implemented in bulk CMOS 
technology [12]. This is because in a single chip, p-type 
NMOS substrates (body terminal) are shared together. Due to 
the connection of the body terminal to the gate terminal, 
which is the input terminal, the voltage always changes 
according to the input signal. Different NMOS carries 
different input signal that gives multiple voltage to the shared 
body terminals.  

V. RESULT AND DISCUSSION 

Results of simulation show that for each biasing technique 
there was an optimal body biasing point resulting in the 
highest drain current, ID when the transistor is on, and lowest 
leakage current when the transistor is off.  Fig. 7 shows the ID 
versus VSB for NMOS and PMOS with FBB at 1.2 V supply 
voltage. As shown in the graph, before the start to current 
falls, the peak ID occurs at VSB = 0.7 V. Nevertheless, VSB 

cannot be set at 0.7 as p-n junction in the parasitic diode (body 
diode) becomes forward biased at this point. It causes the 
drain current decreases when VSB reaches 0.7 V. MOSFET 
operations requires the parasitic diode to be in reverse biased. 
Thus 0.6 V was selected for the voltage of the body. PMOS 
also gives the same pattern where the optimum voltage of the 
body is 0.6 V.For RBB, the chosen body voltage for NMOS 

and PMOS is -0.6V. Since this project is to compare the three 
biasing techniques, DTMOS has selected the same body 
voltage value that is 0.6 V.  

 
Fig. 7. Drain current, ID vs VSB for FBB of (a) NMOS and 

(b) PMOS 
Fig. 8 shows the drain current, ID versus gate-source 

voltage, VGS for all body biasing techniques of NMOS and 
PMOS. The threshold voltage differences for ZBB, FBB, 
RBB and DTMOS can be seen from this graph.  In 
comparison to ZBB, FBB offers a lower Vth, while RBB gives 
a higher Vth. DTMOS also gives a lower Vth, but a little higher 
than FBB. Due to the connection of the gate terminal to body 
terminals in DTMOS, the ID is almost saturated after VGS 
crosses 0.7 V for NMOS and 0.8 V for PMOS. 

 
Fig. 8. Drain current, ID vs gate-source voltage VGS for 

FBB (a) NMOS and (b) PMOS  
 
 
 

(a) 

(b) 

(a) 

(b) 
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Fig. 9 shows ID versus drain-source voltage VDS for ZBB, 
FBB, RBB and DTMOS of NMOS and PMOS. The highest 
drain current is provided by FBB followed by ZBB, RBB and 
DTMOS. DTMOS supposed to produce high ID [13]. 
However, as this work sets VSB = 0.6 V for all biasing 
techniques for comparison purposes, VG for DTMOS also sets 
to 0.6 V automatically. That gives the low current of the drain 
in DTMOS. 

 
Fig. 9. Drain current, ID vs drain-source voltage VDS for 

(a) NMOS and (b) PMOS 
Table-II and III show leakage current and power 

consumption of each body biasing technique for NMOS and 
PMOS, respectively. As depicted in the Table, FBB shows the 
highest leakage current and power consumption for NMOS 
and PMOS. Meanwhile, RBB gives the lowest leakage 
current and power consumption.  RBB causes the depletion 
region in p-n junction of body diode to become wider 
resulting in the parasitic diode being reverse biased. 
Therefore, very minimum electron can travel through the p-n 
junction resulting in very low leakage current for RBB. In 
contrast, for FBB, the depletion region of p-n junction in the 
body diode decrease due to the VB. Therefore, only minimal 
electron can travel through the p-n junction, resulting in very 
low RBB leakage current. 

 
Table- II: Leakage current and power consumption of 

ZBB, FBB, RBB and DTMOS for NMOS 

  ZBB FBB RBB DTMOS 

Leakage 
current  

0.7 nA 59.0 nA 0.07 nA 0.7 nA 

Power 
consumptio
n 

0.8 nW 1100 nW 0.08 nW 0.8 nW 

 
 
 

Table- III: Leakage current and power consumption of 
ZBB, FBB, RBB and DTMOS for PMOS 

  ZBB FBB RBB DTMOS 
Leakage 
current  

0.9 mA 1.3 mA 0.7 mA  1.1 mA 

Power 
consumptio
n 

1.1 mW 1.6 mW 0.9 mW 393.3 mW 

As for the effect of body biasing techniques on circuits, 
drain current, leakage current and power consumption for 
inverter and common source amplifier were compared 
between different body biasing techniques. Two supply 
voltages, namely 1.2 V and 0.6 V have been used. Table IV 
and V show current and power consumptions for inverter and 
common source amplifier. 

 
Table- IV: Drain current, leakage current and power 

consumption in inverter for ZBB, FBB, RBB and 
DTMOS 

Supply 
voltage 

 ZBB FBB RBB DTMOS 

1.2 V 

Drain current 0.76 nA 6.53 µA 0.13 nA - 

Leakage 
current 

0.47 nA -327.5 µA 0.02 nA - 

Power 
consumption 

0.56 nW 393.0 µW 0.24 nW - 

0.6 V 

Drain current 0.41 nA 6.42 μA 0.03 nA 6.38 μA 

Leakage 
current 

0.36 nA 3.39 μA 0.07 nA 0.36 nA 

Power 
consumption 

0.21 nW 3.02 μW 0.08 nW 0.21 nW 

 
Table- V: Drain current, leakage current and power 

consumption in common source amplifier for ZBB, FBB, 
RBB and DTMOS 

Supply 
voltage 

 ZBB FBB RBB DTMOS 

1.2 V 

Drain current 0.06 mA 0.15 mA 1.97 μA - 

Leakage 
current 

0.7 nA 58.8 nA 0.07 nA - 

Power 
consumption 

0.84 nW 1.06 μW 0.08 nW - 

0.6 V 

Drain current 13.8 μA 70.8 μA 1.9 μA 44.1 μA 

Leakage 
current 

0.41 nA 43.0 nA 0.02 nA 0.41 nA 

Power 
consumption 

0.24 nW 1.02 μW  0.02 nW 0.24 nW 

 As shown in Table IV and V, there were no DTMOS 
parameters for 1.2 V supply voltage circuits. This is because 
the design of DTMOS is not suitable for supply voltages of 
more than 0.6 V [14]. If the supply voltage exceeds 0.6 V, the 
p-n junction of body diode becomes forward bias and allows 
current flows through substrate. As can be observed, RBB 
provides the smallest drain current, leakage current and power 
consumption for both inverter and common source amplifier 
circuits. 

VI. CONCLUSION 

In this study, three body biasing techniques are investigated, 
namely Forward Body Biasing (FBB), Reverse Body Biasing 
(RBB), and Dynamic Body Biasing or Dynamic Threshold 
Voltage (DTMOS).  

 
 
 

(a) 

(b) 
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Drain current, Id versus gate voltage, VG and drain current, Id 
versus drain-source voltage, VDS for FBB, RBB and DTMOS 
were simulated to determine the optimum operating point for 
each biasing technique. To observe the effect of body biasing 
techniques on the circuits, inverter and common source 
amplifier were constructed using ZBB, FBB, RBB and 
DTMOS. Current and power consumption for each circuit 
was observed and compared. The results proposed that 
optimum operating point for FBB and DTMOS is at VB = 0.6 
V, while RBB is at VB =-0.6.  At its optimum operating level, 
the supply voltage for FBB and RBB is 1.2 V, while the 
optimum supply voltage for DTMOS is 0.6 V. In fact, due to 
the forward biased parasitic diode, DTMOS cannot be 
operated at supply voltage greater than 0.6 V. The results also 
show that the threshold voltage was reduced by FBB and 
DTMOS but high leakage current was generated. On the other 
hand, RBB increases the threshold voltage but produces the 
lowest leakage current. For the effect of each body biasing 
technique on inverter and common source amplifier, RBB 
shows the lowest power consumption for both circuits due to 
the low leakage current. 
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