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Abstract— Leakage power has become a serious concern in
nanometer CMOS technologies. In this paper to minimize the
leakage power a supply voltage and body-bias voltage
generating technique for nanoscale VLSI systems are used.
The minimum level of VDD and the optimum body-bias
voltage are generated for different temperature and process
conditions adaptively using a lookup table method based on
the PVT monitoring and controlling systems. The adaptive
optimal body-bias voltage is generated from the proposed
leakage monitoring circuit, which compares the sub threshold
current (ISUB) and the band-to-band tunneling (BTBT)
current (IBTBT) along with current comparator & charge
pump circuit. . The result is simulated using HSPICE using
32-nm bulk CMOS technology.

Keywords— Leakage power, optimal VBody control,
optimal VDD control, process, voltage, and temperature
(PVT) variation.

I. INTRODUCTION

To achieve higher density, higher performance and low
power consumption, CMOS devices have been scaled for
more than 30 years[2-3].

Leakage current is a major drawback in nanoscale
CMOS. Because of the continued scaling of technology and
supply-threshold voltage, leakage power has become more
significant in power dissipation of nanoscale CMOS
circuits. Therefore, estimating the total leakage power is
critical to designing low-power digital circuits[4-5].

In nanometer CMOS circuits, the main leakage
components are the subthreshold, gate-tunneling and
reverse-biased junction band-to-band-tunneling (BTBT)
leakage currents. As transistor geometries decrease, it is
necessary to reduce the supply voltage to avoid electrical
breakdown and obtain the required performance. However,
to retain or improve performance, it is necessary to reduce
the threshold voltage (Vth) as well, which results in an
exponential increase of subthreshold leakage. To control
short-channel effect and increase the transistor driving
strength in deep-submicron (DSM) circuits, gate-oxide
thickness also becomes thinner as technology scales down.
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The aggressive scaling in the gate oxide results in a
tunneling current through the oxide, which is a strong
exponential function of the oxide thickness and the voltage
magnitude across the oxide. In scaled devices, the higher
substrate doping density and the application of ‘‘halo’’
profiles cause significantly large reverse-biased junction
BTBT leakage currents through the drain- and source-
substrate junctions[7].

This is a serious problem in portable electronic systems
that operate mostly in sleep mode. To minimize leakage
power dissipation, researchers have proposed several
circuit technigues such as multithreshold-voltage CMOS
(MTCMOS) and variable threshold-voltage CMOS
(VTCMOS) using variable substrate bias voltage.
However, these techniques require significant circuit
modification and performance overhead for leakage
reduction[10-11].

This chapter included the background study to minimize
the leakage power. To minimize the leakage power a
supply voltage and body-bias voltage generating technique
for nanoscale VLSI systems are used. The adaptive supply
voltage Vpp are generated for different temperature and
process conditions adaptively using a lookup table method
and the optimum body-bias voltage are generated by using
leakage monitoring circuit along with current comparator &
charge pump circuit.

Il. RELATED WORK

» To collect the material of VLSI design, process
corners and nanometer technology.

» To collect the material of different parameters like
process, voltage and temperature.

» To find out all required parameters such as supply
voltage, body-bias voltage at different temperatures &
processes for different process corners, subthreshold
current (ISUB) and the band-to-band tunneling
(BTBT) current (IBTBT) for different temperatures.

» Selecting appropriate software such as H-spice used
for simulation.



'

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347 - 6435 (Online)) Volume 2, Issue 3, March 2014)

» Doing the coding of different circuits for simulation.
» To simulate the results of different circuits.
» Plotting of graphs for different circuit parameters.

I11. FUNCTIONAL BLOCK DIAGRAM

The block diagram of VDD and VBody control system
used to generate novel adaptive supply voltage and body-
bias voltage for nanoscale VLSI systems is as shown in
figl.

A novel design method is used to minimize the leakage
power during standby mode using a novel adaptive supply
voltage and body-bias voltage generating technique for
nanoscale VLS| systems. The process, voltage, and
temperature (PVT) variations are monitored and controlled
independently by their own dedicated systems. The
minimum level of VDD and the optimum body-bias
voltage are generated for different temperature and process
conditions adaptively using a lookup table method based on
the PVT monitoring and controlling systems.
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Fig.1: Block Diagram of VDD & VBody control system based on
current comparator.

The Block diagram shown in Fig. I consist of following
circuits.

Process/temperature monitoring circuits,

Digital analog-to-digital(A/D) converter,

Lookup table with VDD regulator,

Leakage monitoring circuit,

Current Comparator,

Charge pump, and voltage controller including
VDD monitoring circuit.

A lookup table is used to characterize the optimal VDD
target for various temperature and process conditions
detected by the temperature and process monitoring
circuits.
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The VDD targets for different temperature and process
conditions are derived from simulations or direct
measurements of the actual die of interest, whereas the
body-bias voltages for nMOSFET and pMOSFET are set
automatically by the control system to ensure that the chip
dissipates a minimal power in standby (sleep) mode. For
the most accurate tabulation of the optimal VDD choices
for a given process corner and temperature, measurements
would have to be performed on each chip. Even if the
lookup table is not fully tabulated by completely
characterizing the chip for all the possible conditions, the
VDD/VBody scaling results are still acceptable, because
the body bias controller compensates adaptively for the
parameters variations by adjusting the body-bias voltage
directly and continuously.

The power-supply voltage is set in the open-loop system,
and the body-bias voltage is set and controlled by the
closed-loop system including body-bias controller. Reverse
body biasing (RBB) is often used to reduce the leakage
power in MOS transistors. However, the recent research
has shown that if this RBB is too high, the leakage power
can be actually increased due to the contribution of the
BTBT currents. Therefore, this system proposes a new
optimal BBS to balance the sub threshold leakage with the
BTBT leakage as explained in the previous section.

The proposed system increases Vth by adjusting the
body-bias voltage in the RBB direction so as to reduce the
sub threshold-leakage current. When the optimum body
point is detected, the body-bias voltage adjustment is
stopped to avoid excessive reverse body bias. Although the
leakage monitoring circuits are mentioned in], their circuit-
models do not extract exact sub threshold leakage and
BTBT leakage components in the replica circuit.

In Fig.1, the body bias voltage generator consisting of
leakage monitoring circuit, current comparator and a
charge pump are used to detect the optimal body-bias
voltage. The circuit uses current-mode circuit technigue to
process the active signals in the current domain, and it
offers a number of advantages such as better sensitivity,
high speed, and low-power dissipation.

All paragraphs must be indented. All paragraphs must
be justified, i.e. both left-justified and right-justified.

IV. PROGRAMMING AND RESULTS

1. Temperature Monitoring Circuit:
Algorithm:

1. Start
2. Select process corner choice.



a. Slow process go to step 3.
b. Typical process go to step 5.
c. Fast process go to step 7.
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3. If slow process then, read voltage and

Temperature.
4. Return reference output voltage.

5. If typical process then, read voltage and

Temperature.
6. Return reference output voltage.

7. If fast process then, read voltage and

Temperature.

8. Return reference output voltage.
9. If Exit process then Exit.
10. End.

A) Slow Process Corner

Table 1:( a) slow process corner

Tempin°C 23 [ ‘ 23 0 I 100 | 125
Ourput voltage in mv
g T1MTs4 2 22 23150 (23812 1 24376 2
Supply vdd 0.8V 20754 | 216.04 | 224.18 | 23130 | 238.12 | 24376 | 248.6
voltage | vdd 0.0V | 20754 | 21604 | 224.18 | 23150 | 238.12 | 24376 | 248.6
fnvelt vdd 1V | 20754 | 216.04 | 224.18 | 23150 [ 238.12 | 24376 | 248.6
0 4
HETE
;-)y 20 - slow process
3
H 250 rn
H n !
§ - =
] - =t=vdd_0.8V
T 1304 J
« " ~B=vid_ 0V
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W g vid_1V
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Table 1:(b) Typical process corner
Tempin°C 25 0 35| 50 7 ‘ 100 ‘ 123
Output vollage inmv
Sypply | DSV | 288 | 23724 | 24535 | 2285 | 29064 | 26571 | 2711
voltagein | vid_0OV | 2288 | 23724 | 24335 | 25285 | 25064 | 26571 | 2711
W g v | e8| 23704 | 24535 | 25285 | 250 | 2671 | 7
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Fig.4.2.4. (d): Temperature dependence of reference voltage (Vout2)
in different supply voltages and process corners.

The simulated results in different supply voltages and
process corners with (L4/L3= 1.4) and temperature range of
-25° C to 125 ° C. As expected from (17), shows that the
reference voltage (Vout2) increases linearly as temperature
goes up. Also (Vout2) is not affected by the supply voltage
and process corner.

2. Process Monitoring Circuit:

Algorithm:
1. Start
2. Read supply voltage and temperature.

3. Slow process corner.
Check output for voltage and Temperature.
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4.  Typical process corner. Temperature vs. Vief (Vdd=0.9V)
Check output for voltage and Temperature. 6o ' ‘ —— s
5. Fast process corner. 00l —A ;D:mﬂ ]
Check output for voltage and Temperature. —— Fust
6. End.

100F PO &

s
E
g 4 T A 1
@ v v A4 _Q
A) SUPPLY VOLTAGE VDD= 0.8V E 00l |
o 5y
Table 2 (2) VDD =08V g
2 200t .
Vdd=00V 2
- - i
Output volgs(my) 100k ]
Temperanee®C | -23 0 25 30 73 00 | 123 . ‘ )
fypical 3739\ 20275119724 | 188 | 18264 | 179366 | 177.14 =50 0 30 100 150
Sow | 9068 | 61762 ] 8039 | 563 | B2l | 2B | 516 Temperature (C)
Fat | 20487 |28882 (26478 | 28182 | 27073 | 27861 | 27874 C) SUPPLY VOLTAGE VDD= 1.0V
Table2 (¢) VDD =LA,
5 . . Vid=1V
Temperature vs. Vref (Vdd=0.8V)
400 w — Ouiput vol mge(my)
20k -
- %0 —h— Sow TepenuezC| 5 | 0 | 5 | 0 | 53 | W0 | 1B
?z 300+ —F— Fast il
s B—f—8s——3 8 7 npicl | 35326 | 33733 | 36122 | 36377 | 36431 | 30264 | 33883
o o250k 4
= 250 M slow 26444122001 | 1971 | 18333 | 17486 | 16040 | 16597
= 200 f 1 - - P TER ETTeTe e
2 Fast 320071 3218 | 5152 | 309.13 | 303,651 (498 808 | 40408
£ 150} .
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Temperature (C)

g

n
8

Reference voltage(mv :l
~
8
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B) SUPPLY VOLTAGE VDD= 0.9V

Table2 () VDD =09V,

_ _ —a—typical
Vad=0.0y 100 =l slow
—ir—Fast
Output volage(mv) o
Temperatwrs°C | 23 0 3 30 75 100 123 25 o 25 50 7 100 125

Temperature®C

wpial 27695 | 27520 | 27488 |273.07| 27106 268.89 | 264.91

dow 18121 | 130.1 | 11121 | 103.88 [ 101.2 | 100.742 | 10143

Fast |S535 30020 | 35100 | 380,63 | 38381 3282 350885 The simulated result shows the linear variation of the
reference voltage according to process corner conditions.
The reference voltage is not affected by temperature and
supply voltage Variations.
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3. A/D Converter Circuit:
Algorithm:

1. Start
2. Read input voltage, clock and flag.
3. Invert input.
4. Return inverted output to flip flop.
5. Give output of D- flip flop to XOR gate.
6. Return Y1, Y2 and Y3 XOR gate output
voltage.
7.1fY1Y2Y3 =“100"then
Display low temperature or slow process corner.
8. If Y1Y2Y3 =“010"then
Display medium temperature or typical process
corner.
9.If Y1Y2Y3 =“001"then
Display high temperature or fast process corner.
10. End.
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Fig.4.4.2: Three output-cases of the time-based A/D converter.

Fig.4.4.2 illustrates the XOR gate outputs for the 4-stage
delay line The A/D converter has three cases:

1. Case #1Y1Y2Y3 =“100” is a low temperature or a slow
process corner,

2. Case #2 Y1Y2Y3 =“010” is a medium temperature or a
typical process corner, and

3. Case#3Y1Y2Y3 =“001” is a high temperature or a fast
process corner.

4. Look Up Table:
Algorithm:

1. Start.
2. Read temperature T1T2T3 and process P1P2P3.
3. If ((T1T2T3 = “100”) OR ((T1T2T3 = “010") OR
((T1T2T3 =“001")AND (P1P2P3 =100") )
Then display output.
4. If ((T1T2T3 = “100”) OR ((T1T2T3 = “010") OR
((T1IT2T3 =001") AND
(P1P2P3 =“010"))

29

Then display output.
5. If (TIT2T3 =100") OR ((T1T2T3 =“010") OR
((T1T2T3 =“001"") AND (P1P2P3 =“001"))

Then display output.

6. End.
Table3
Measured Look up Table
Temperature °C Process Minimu Voltage level
m Supply
-25 | 50 125 | S T F Voltage
for Data
Retention
1 0 0 1 0 0 0.66V Vi
0 1 0 1 0 0 0.63V
V2
0 0 1 1 0 0 054V
1 0 0 0 1 0 059V
V3
0 1 0 0 1 0 0.560 V
0 0 1 0 1 0 0.480 V
V4
1 0 0 0 0 1 045V
0 1 0 0 0 1 042V V5
0 0 1 0 0 1 038V V6

5. Leakage Current Monitoring Circuit:
Algorithm:

1. Start.

2. Read temperatures and voltage.

3. Display leakage current components Isub and
IBTBT.

4. End.

Table4: Output of Leakage current Monitoring circuit for different values of

Temperature

TemperamreinC | 25 | 0 | 25 | 30 | 75 | 100 | 125
[ab (nd) 119 [ 23 | 414 | 684 | 1003 | 1631|2326

Iprer () 4597 (4334 | 4210|4135 [41.175] 4000 | 4083
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Fig.4.6.2: Leakage current as a function of temperature for leakage
monitoring circuit

The simulated result shows that the subthreshold current

(Isub) increases with increase in temperature and band to
decreases with

band tunneling current
temperature.

increase

6. Current Comparator And Charge Pump Circuit: 2o
Algorithm: 17.014359u
1. Start. 5
2. Read current and voltage. ;?20”953“ ]
3. If (Isub >IBTBT) then display charging of g
capacitor and increasing body bias voltage. 7014559 1
4. If (Isub =IBTBT) then display maintaining body
bias voltage. 2010359
5. If (Isub <IBTBT) then display discharging of
capacitor and decreasing body bias voltage.
6. End.
Table 5: Output of current comparator and Charge pump for different value of
Isub and Igrsr
S Modes of Body bias Detection of Body
. Taub(nd) | Iemr (RA) ) . _
No operation volage(Vbn ) bias voltage 193m |
Increasing the body-
| 694@mA) | 4135(fA) | LoubeIbtht 23091 (mV) - i
bias voltage. 143m
. e maintaining the body- =
2| () | 4155(fA) | Tsub=Ihtbt 93 34mV N : P
bias voltage E'93m o
maintaining the body- g
3] 684(md) | 694 (mA) [sub=Thtbt 03 34mv o i
bias voltage 43m
decreasing the body-
4 | 415 (fA) | 694 (n4) | Tsub 2Intht 12uv T i
bias voltage m L

35351m

309.51m

25951m

20951m

159.51m

1Sd=6 4n ‘ '
Dbi=41 5564
.. .. .y r.y r.y .y A r.y ..
W " w ~ A A ~ ~ A w
I T T T T T T
i] 20n 40n Eln B0n 100n
Time [ (TIME)

Fig.4.7.2 (a): Body Bias voltage for Isub > IBTBT

if Isub>IBTBT it
in charges the output capacitor of the charge pump, and
increasing the body-bias voltage.

The simulated result shows that
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Fig.4.7.2 (b): Body Bias voltage for Isub < IBTBT

T 1
100n

The simulated result shows that if Isub < IBTBT it
discharges the output capacitor of the charge pump, and
decreasing the body-bias voltage.
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Fig.4.7.2 (c): Body Bias voltage for Isub = IBTBT
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The simulated result shows that if Isub=IBTBT, it
maintains the body-bias voltage.

193 34m |
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ibt=6.54na
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T T T T T
0 20n 40n Eln 8 100n
Time [lin] [TIME]

Fig.4.7.2 (d): Body Bias voltage for Isub = IBTBT

The simulated result shows that if Isub=IBTBT, it
maintains the body-bias voltage.

V. CONCLUSION

As technology scales down below 90 nm, leakage
currents have become a critical issue. In the past, circuit
techniques and architectures ignored the effects of these
currents because they were insignificant compared to the
switching currents and threshold voltages were high
enough. However, in modern technologies, the role of the

leakage currents cannot be ignored and becomes
increasingly significant issue with further scaling.
Therefore, new circuit techniques and  design

considerations must be developed to control leakage
currents in standby mode in order to provide low-power
solutions.

In order to reduce standby power, this paper presents a
novel control system that uses an adaptive method to find
the optimal VDD/VBody scaling algorithm during standby
mode. Based on the temperature and process conditions,
the optimal supply voltages is generated to reduce the
leakage power, and body-bias voltage is automatically
adjusted continuously by the control loop to adapt to the
PVT variations. By tuning body-bias voltage using leakage
monitoring circuit, circuits can be biased at the optimal
point where sub threshold-leakage current and BTBT
leakage current are balanced to accomplish the minimum
leakage power.

The results show that the proposed control system is a
viable solution for high energy reduction in nanoscale
CMOS circuits.
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