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Abstract: A regulator design model is studied and simulated by using a dynamic bias technique. A dynamic
bias boosting circuit consists of three parts: detector, amplifier and bias boosting circuit. The above Regulator
1s presented using CMOS 90 nm process and the obtained results will be examined with other existing
technologies. The function of the diagram will be considered in this way that as soon as the slightest change is
seen In output voltage; these changes will be transferred to the detector circuit through nodes Vn and Vp. The
detector circuit makes sense of these changes and according to the type of detection, holds its output in the
supply voltage situation or ground situation and will transfer it to the input of amplifier circuit. The amplifier
circuit will work as an inverter and the detector's output will be appeared reversely in its output. The output
of amplifier circuit 1s transmitted to the input of bias boosting circuit. This circuit, by increasing current,
results in an increase in the regulated current in a short moment and returns the changes of regulator output
voltage to the normal mode. In the discussed regulator, we reduced the power consumption using dynamic
bias current to .5 mw and to some extent improved the line and load-transient response. The Technique of
Increasing the dynamic bias current in LDO design effectively improves the Ilinear and load transmission
response and leads to the creation of a precise and affecting voltage in the regulator's output and will be very
effective in portable applications where an accurate and noiseless power supply is require.
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INTRODUCTION

The management of circuit power in moving systems, such as radio frequency devices and medical
instruments 1s considered to be very important so that the power supply in these systems are more limited.
(Ho and M, 2010). In addition, a chip capacitor as a source of energy storage and stable output voltage is not
available in these systems. As a result, a Low-Dropout Voltage regulator with a relatively simple structure
will be considered for moving systems (Shen et al, 2013). In any case, the most important feature of low power
LDO is having a rapid transition and an increased rate of speed but it is difficult to obtain it. Recently,
dynamic bias is considered from effective ways to improve the transitional response in low power design
(Chen chang, Wing, 2011). Interruption and dynamic bias are shown in Figure 1. Bias current improves the
bandwidth and speed in the system. Increasing the bandwidth is required when there are rapid changes of
load current or output voltage in the circuit. Increasing the dynamic bias current can be done in a short
moment. A comparison with other methods of non-dynamic bias has been shown in Table 1. (Gangopadhy et
al, 2014).
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Figure 1: bias current in LDO regulator (A) interruption bias (b) dynamic bias
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Table 1: Comparison of bias methods (dynamic and interruption)

year 2010 2010 2012 This work
Biasing D . D . D . o .
method ynamic ynamic ynamic ynamic
Slevu}g Output Internal Internal Internal
Detection
Improvement Sle:;gate Slew-rate Slew-rate and | Slew-rate and
Bandw1dth Only BandW]dth BandWldth
Automatic
Shot-off Yes No Yes Yes

A dynamic bias-current boosting technique

The diagram of dynamic bias boosting circuit for LDO is shown in Figure 2. This circuit includes a speed
detector, amplifier and bias boosting circuit. The diagram's function will be considered in a way that as soon
as the slightest change is seen in the output voltage, these changes will be transferred to the detector circuit
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through nodes Vn and Vp. The detector circuit makes sense of these changes and according to the type of
detection, holds its output in the supply voltage or ground situation and will transfer it to the input of the
amplifier circuit. The Amplifier circuit will work as an inverter and the detector's output will be appeared
reversely in its output. The output of amplifier circuit is transmitted to the input of bias boosting circuit. This
circuit, by increasing current, results in an increase in the regulated current in a short moment and returns
the changes of regulator output voltage to the normal mode.

Bias current boosting circuit
Bias : Amplifier Detector
| boosting et T
BRI circut circuit
circuit

Low Drop Regulator | Vo
LDO

o,
)

Figure 2: Diagram of dynamic bias-current boosting technique

Speed detector circuit

A current mirror amplifier is shown in Figure 3. In a detection period, input V an + and V an» are
asymmetrical and cause many changes in the internal nodeVy. Based on the detection mechanism, the
complete improvement of speed detector circuit is shown in Figure 4. In fact the function of the speed detector
circuit is in a way that connecting the circuit output to the ground or power supply is possible by changing the
voltages of V, andVy. These voltages will be biased in steady state by the current mirror amplifier. Vy; Will be
biased when the supply voltage is connected to it and Vo will be biased when the ground is connected to it
that the pair transistors is shown in Fig. 5 by the VI characteristic. Continuous lines especially show the

relations between Vpg and Ipg for NMOS transistor in (%)N and dotted lines differently show the relations

between Vgp and Igp for PMOS transistor in(%)p.

Figure 3: A typical current mirror amplifier
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NMOS and PMOS transistors are placed in series and Ipgy=Ispp and Vspp-Vpp=Vpsy that Vpp can be considered

a supply voltage. In a specific (%)N and (%)p the output voltage of (Vi and V; o) is biased in V1 (about 0.5 Vbp)

and the Iz is the current in each transistor.

If the ratio of PMOS transistor to the level of (%)p % be increased, the output voltage will reach V; and the
drain current of Is will be identical in both transistors. If there is a reduction in the ratio of PMOS transistor
to 0.67(%)1: then the output voltage will drop to Vi and the drain current of I1 will be the same in both

transistors. Therefore, Vi and Vio can alternatively be connected to the supply voltage and the ground.
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Figure 4: The speed detector circuit
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Figure 5: Voltage Specifications- the current of speed detector circuit with different dimensions of transistor
Amplifier circuit

A trigger signal is used to generate quick returns in the circuits of bias amplifiers. The amplifier circuit will
be considered as CMOS with a simple structure. Waveform signal in the amplifier circuit is shown in Figure
6. (Vi and V; ) are connected to the input of an inverter and create the output of Vyp and Vpowy. When the
positive speed becomes apparent V, slowly increases based on the level of speed. In this case, the V;, voltage is
low and a large Vg is created to provide the maximum current in the PMOS transistor. Similarly, if the
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negative speed becomes apparent, Vx will increase and both (Vi; and Vo) will be pulled down. (Liao, Samuel,
2000)
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Figure 6: The signals of bias boosting circuit and amplifier during detection
Bias boosting circuit

A bias boosting circuit (Figure 7) provides a full signal increase in each two positive and negative periods. Vyp
and Vpown are alternatively produced by speed detector circuits and amplifier circuits. At a steady state, the
level of Vyp is low and the level of Vpowy 18 high and both of the transistors, Mgp and Mgy are off. Bias current
of Is will be achieved by Vz and series resistances of Rg; and Rg, A high-pass network including Cy , Ry, Cp
and Rp can turn on both transistors of Mgp and Mgy. The level of Ry will control the isolation between Vg
and the ground and Cy controls the ability of trigger signal coupling. Ry and Cy will be 1IMQ and 5PF
respectively. In fact, these amounts are considered to produce pulse 1 puS with current amplitude of 20 pA to
set up 6PF gate capacity when the supply voltage is 9V. Current will be established in the transistor in a
short moment that the pulse arrives. As a result, Vx and Iz will increase. After the end of the pulse, Mgp and
Mgy transistors are turned off automatically.
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Figure 7: Bias boosting Circuit
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Ultra-Low Power LDO by using Dynamic Bias-Current Technique

A dynamic bias current boost circuit is shown in Figure 8 for ultra-low power LDO using CMOS 90nm
process. Design parameters are shown in Table 2. The designed Is will be considered lower than 10nA and the
idle current of LDO will be equal to 1.28 pA. Figure 9, shows the simulation results of LDO's frequency
response in the normal bias (10nA =Ip) and also shows the maximum bias current (20pA = Ip) with the
capacity of 10nF for the output capacitor. We will see that the LDO's frequency will be increased from 8.5
KHz to 217.9 KHz while the phase margin will reduce from 89.4 to 87 degrees. So we'll see that dynamic bias
boosting technique, regardless of its stability, will improve the response time. When the bias increases, the
error amplifier output pole Pea, will be drawn to high frequencies. To illustrate the improved linear and load
response through bias boosting technique, the discussed LDO is simulated along with the contractual LDO
which is the same as discussed LDO without considering Cy ¢« Ry ¢ Cp and Rp. Both regulators of LDO have
power 9V, Output 2V, and maximum load current of 50mA. The LDO's load responses are shown in Figure 10.
Both of them have load changes from 0 to 50mA in 200nS. It should be noted that Iz, discussed LDO will be
considered immediately and temporary in each two positive and negative periods. Therefore, the response
time of the discussed LDO is considered much faster than normal LDOs. Dynamic bias technique is very
effective in increasing the linear response when we use low power consumption LDO.

Table 2: Parameters of the proposed LDO

Transistors Size
(um/pm)
Mg —Mo3 20/1
Mos—Mgo, M —Mps3, 10/1
Mpxe Mpp. Ma~Mag 10/0.18
Msn1, Msna 20/1
Mgy, Msps 30/1
Mpr 6000/0.18
Resistors and capacitors Value
Ry, Rp I MQ
Cu. Co 5 pF
Rel 82.5 kQ
Regn 577.5 kQ
R 20.6 kQ
Reo 3.7GQ
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Figure 8: LDO circuit by using the dynamic bias current boosting circuit
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Figure 9: the simulation of frequency response with 10 Nano vamps bias current (red) and 20 micro amps

The simulation result

(blue)

An LDO is considered through the dynamic bias current boosting circuit by using CMOS 90nm process. In
addition, a contractual LDO without the proposed circuit was used for comparison. Resistor and capacitor
values are respectively considered 1MQ and 5PF for simulation. Both LDOs have the output capacity of 10nF
in the stable mode and can provide 50mA output current with 2V voltage while the power supply is 9V. The
LDO's discussed and contractual idle current will be 1.25 mA and 1.28 mA respectively, figures 10 and 11
show the line and load response for both LDOs. The load current changes from 0 to 50mA within 200nS and
with Vin=0.9. The contractual LDO needs time of about 300nS for these changes while the discussed LDO
consumes time approximately 9nS to 28nS for increasing or decreasing the load. Bias current will increase
about 10nA, to a high of 20pA. For positive and negative changes of the input power, the discussed LDO needs
time between 36ps to140ps while the contractual LDO, with the same changes, needs time between 118us to

220us.
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Figure 10: Simulation of the load transient response in a normal regulator (red) and discussed regulator

(blue)



Specialty Journal of Electronic and Computer Sciences, 2017, Vol, 3(1): 1-10

¥plV)

T 1 1 1 T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s) x 107

W i 0l
Tne o) NG

Figure 12: The simulation of the line transient response in discussed regulator
Discussion and conclusion

In this article, the regulator has the input voltage of 9 volts, output capacitor 100 Pico farad and output
current of 50 mA at 90 nm technologies in which the output voltage is 2V and the DRAPOUT voltage is 0.1 V
and gives us 40dB. In the discussed regulator we reduced the power consumption to a low of 0.5 mw by using
dynamic bias current and to some extent improved the line and load transient response. The dynamic bias
boosting current technique in the design of LDO will effectively improve the line and load transmission
response and makes a precise and effective voltage in the output of the regulator and is very effective in
portable applications which require an accurate and noiseless power supply. Designing the regulator based on
the method of dynamic bias current reduces the circuit current and thus the drawn current from the battery
is reduced and can increase battery life. Reducing the DRAPOUT voltage cause reduction in power
dissipation, increase efficiency and consequently, improves the load charging. As was observed, the quiescent
current, (Ig) and Vdo partially reduced which results in longer battery life and an increase in the speed of
response. Designing the regulator based on dynamic bias current reduces the circuit current and thus the
drawn current from the battery is reduced and battery life will increase. Table 3 compares the discussed
regulator with other works.



Specialty Journal of Electronic and Computer Sciences, 2017, Vol, 3(1): 1-10

Table 3: Comparison of discussed regulators with other works

(9] [10] [11]
Year 2010 2010 2012 This
work
1]\3/11::}1125 Dynamic | Dynamic | Dynamic | Dynamic
VoutA
(V] 144 90.3 880 600
Iq 19u 20p 1.33u 1.28
Automatic
shut-off Yes No Yes Yes
Gainl[db] 58 55 46 40
Vour 0.8V 1.6V 0.8V 2v
Voo 0.2V 02V 0.1V 0lv
Iour 66.7mA 100mA 50mA 50mA
AMS AMS
Techlum] | CMOS | CMOS Cll‘gonf (;1(‘)’{3?
.35um .35um ~OH
Cout 100PF 100PF 100PF 100PF
. fgzzfcnyt** 99.972% | 99.98% | 99.997% | 99.9974%

To improve and increase the speed of the circuit, an analog bootstrap can be use between error amplifier and
power transistor in the LDO's structure. Frequency compensation can be utilized in LDO's structure to
improve and increase the stability of the circuit. Different structures can be used to by-pass power for more
integration and less input power. Also by drawing the circuit's Layout, the chip area occupied can be
calculated and compared with other works.
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