TO S H I BA Dual power supply LDO Regulators
for Low Drop Out and Low Loss at low Voltage.

Application Note

Dual power supply LDO Regulators for Low Drop Out
and Low Loss at low Voltage.

Outline:

Dual Power Supply LDO Regulator realizes a low dropout voltage of 125 mV even at a low output voltage
of 0.8 V by providing a VBIAS terminal for gate-driving. The loss is the drop-out voltage of the LDO multiplied
by the output current. Mobile devices require low voltage and low loss, but this LDO is ideal for such applications.

This document explains the basic configuration of the LDO and how to achieve a low drop out by dual power
supply LDO, and propose an application circuits for CMOS sensors, MCUs, and RF power supplies that require

low voltage operation.

© 2021 1 2021-03-26

Toshiba Electronic Devices & Storage Corporation



TO S H I BA Dual power supply LDO Regulators

for Low Drop Out and Low Loss at low Voltage.
Application Note

Table of Contents

L, TNt OAUCION e 3

2. Low-dropout characteristics required to maximize the power efficiency of an LDO regulator . 4

2.1 What is dropoUt VOILAGE? ...ttt e e sabe e e sareeenneas 4
2.2 Low-dropout characteristics of dual-power-supply LDO regulators.........ccccccvevieieiieenieieciens 6
2.3. VBIAS voltage vs. Dropout voltage characteristiCs.........ocoviiiiiiiieiiece e 7

3. Examples of application circuits using a dual-power-supply LDO regulator for the power

supplies of CMOS image sensors, MCUs, and RF CIrCUIts .........cccoceeviiiie i, 8

3.1 Example of an application circuit for the power supply of CMOS image sensors ................. 8

3.2 Example of an application circuit for the power supply of MCUS..........cccoccveiiiiieiiieniece e 8

3.3 Example of an application circuit for the power supply of RF Circuits .........ccccoovvvieiieiininnns 9

S Y U] ] 1= Y2 SRR 9
S5.REIGLEA LINKS ...t h bbbttt b ne s 10
6. RESTRICTIONS ON PRODUCT USE- ... .ottt ste et e nnee e 11

©2021 2 2021-03-26

Toshiba Electronic Devices & Storage Corporation



TDS H I BA Dual power supply LDO Regulators

for Low Drop Out and Low Loss at low Voltage.
Application Note

1. Introduction

The average power consumption of mobile devices and other consumer electronics is generally
reduced by controlling power supplies according to their power use. Since consumer electronics
incorporate various electronic circuits including wireless communication, camera, display, audio, and
storage circuits, it is necessary to effectively control their power supplies in order to obtain the optimum
performance from each circuit. For this purpose, efficient use of power supply ICs is important.

Figure 1.1 Typical block diagram of consumer electronics
Because power supply circuits are closely related to all the blocks,
reducing their power consumption is crucial.

' Baseband

Management

Storage

Memor

To prolong battery operating time and reduce heat dissipation, it is necessary to maximize the
power efficiency of all the blocks.

Precise voltage conversion to roughly 1.0 V and high-current capability are required for the power
supplies of CMOS image sensors, MCUs, and RF circuits. It is therefore extremely important to
improve the power efficiency of LDO regulators. The following sections describe how to maximize

power efficiency of LDO regulators.
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2. Low-dropout characteristics required to maximize the power
efficiency of an LDO regulator

2.1 What is dropout voltage?

For typical voltage regulation, the input voltage for an LDO regulator must be higher than the required
output voltage. Dropout voltage is defined as the minimum input-output voltage differential required
to maintain output voltage regulation at a desired output current. Therefore, dropout voltage is also
referred to as the minimum input-output voltage differential. Table 2.1 is an example of a dropout
voltage table.

Table 2.1 Dropout voltage of the TCR5BM series (excerpt from the datasheet)

Reading a dropout voltage table
o . ) Suppose that you want to use an LDO
utput voltages VBIAS input voltage Unit
Min Typ. (N(’;:::O) regulator at Vour = 1.2 V and Ioyr = 500
mA. In this case, the maximum dropout
08V, 085V 33V - 90 125 mv voltage is 150 mV. Hence,
09V, 095V 33V — 95 130 mV
oV 23V - 9% 135 mV Minimum input voltage = 1.2V + 0.15V
105V, 1.1V 33V — 100 140 mV = 1.35 V
115V 33V — 100 145 mv Therefore, input voltage must be 1.35 V
[12v] 33V - 105 150 mv or higher, and Vgias must be over 3.3 V.

2.1.1 Formula for calculating the power loss of an LDO regulator

The equation for calculating the power loss of an LDO regulator is shown below. When the supply
current of an LDO regulator is considerably lower than its output current, it exhibits a power loss equal
to dropout voltage (Vin — Vout) multiplied by output current. In this case, a power loss can be reduced
by selecting an LDO regulator with low dropout voltage and minimizing its input voltage.

Power loss of an LDO regulator = (input power) - (output power)
=(Vin X In) — (Vout X Iour)
* When supply current << Iout, Iin = Iout

= [(Vin = Vour ) x Tour

This is the minimum dropout voltage.
2.1.2 Formula for calculating the power efficiency of an LDO regulator

The equation for calculating the power efficiency of an LDO regulator is shown below. Power efficiency
is defined as output power/input power. Therefore, when the supply current of an LDO regulator is
considerably smaller than its output current, power efficiency can be approximated to Vour/Vm. It is
therefore important to minimize Vin as is the case for reducing a power loss. This means that selecting
an LDO regulator with low dropout voltage is important.
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Output power  Vgoyrt X Ipyt

Power efficiency of an LDO regulator = =
Input power Vin X IIn

* When supply current << Iour, Iin = Iour

Vour . . .
= Voo (i.e., the ratio of input voltage to output voltage)
IN
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2.2 Low-dropout characteristics of dual-power-supply LDO regulators

A conventional LDO regulator has a single power supply (VIN), which is used to drive the gate of an
internal P-channel MOSFET as shown below. Consequently, when the VIN voltage is low, the MOSFET
gate voltage decreases to a level that makes it impossible for the LDO regulator to maintain a regulated
output voltage. In contrast, dual-power-supply LDO regulators such as the TCR5BM series incorporate
an N-channel MOSFET to reduce on-resistance. In addition to VIN, dual-power-supply LDO regulators
have a pin called VBIAS that drives the gate of the internal MOSFET. Being independent of the VIN
input, the VBIAS pin helps reduce dropout voltage. This makes it possible to reduce the input voltage,
considerably reducing power loss. Dual-power-supply LDO regulators provide precise voltage regulation
with minimum power loss. The next subsection discusses the changes in characteristics over a range
of voltage applied to the VBIAS pin.

Table 2.2 Comparison between single- and dual-power-supply LDO regulators

Type of LDO regulator | Single-power-supply LDO Dual-power-supply LDO regulators
regulators

Internal P-channel N-channel

MOSFET polarity

Power supplies Only VIN VIN, VBIAS

Dropout The gate voltage for the internal | The gate voltage for the internal N-

o ) ] channel MOSFET is supplied from

characteristics P-channel MOSFET is supplied the VBIAS pin. This circuit

from VIN. configuration reduces the MOSFET

on-resistance and dropout voltage.

Lower Ron

Pch MOS
Y-

Vin
Power Supply

et
Limit

CONTROLL]
GND GND
Dropout V0|tage Dropout voltage vs Output current Dropout voltage vs Output current
characteristics VOUT = 1.0V VOUT = 1.0V, VBIAS = 3.3V
(Mour = 1.0V) 0.8 0.8
> e TCR3DM < TCR5BM
v 0.6 o
g 50
0.4 S04 Considerably lower than
5 5 single-supply LDO
30.2 2 05 g pply
Q.
2 o
I 5,
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Output current (A) Output current (A)
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2.3. VBIAS voltage vs. Dropout voltage characteristics

Figure 2.3 shows the Vgias-vs-dropout voltage curves of the TCR5BM12 (with Voyr=1.2 V) at different
temperatures. As shown in Figure 2.3, as Veias increases, dropout voltage decreases. Figure 2.3.1 and
Figure 2.3.2 show examples of a circuit with Veias = 3.3 V and Veias = 5.5V, respectively. Increasing
Veias from 3.3 V to 5.5 V makes it possible to reduce Vin and thereby improve power efficiency. Be sure
to check the “Dropout voltage” table provided in a datasheet when using VIN at low voltage.

If the power supply to the VBIAS pin is connected to other loads in parallel, a sudden change in any
of their load currents could cause an instantaneous drop in the VBIAS voltage. In order to maintain the

VBIAS pin at a proper voltage even in this situation, a 1-pF or greater capacitor should be added to the
VBIAS pin.

Figure 2.3 Dropout voltage
TCR5BM12 (Vg7 = 1.2 V,500 mA)

350 T ‘ 3.3V
-40C VBIAS \VBIAS GND
200 | ==25C 0.1 yF—— %
- VCT
| == Q5 °C
[ 1.35V 1.2V
I VIN TVIN VOUT T‘VOUT
250
[ 1.0 uF_I_ 2.2 uF _l_
[ m m
% 200 Figure 2.3.1 TCR5BM12 circuit example 1
Tg Example 1 Vin = 1.35V and Vour = 1.2 V when Vgias = 3.3V
§ 150 89% power efficiency at Iout = 500 mA
§ Example 2 55V
o .
a \ ,,,,,,,,,,,,,,, VBIAS # VBIAS GND q
\\D 0.1 yF——
> T ver
m
50 | 1.3V 12V
: VIN TVIN VOUT T‘VOUT
[ 1.0 uF 2.2 oF
2 3 4 5 6

VBIAS(V) Figure 2.3.2 TCR5BM12 circuit example 2
Viv = 1.3 Vand Vour = 1.2 V when Vgas = 5.5V
92% power efficiency at Iour = 500 mA
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3. Examples of application circuits using a dual-power-supply LDO
regulator for the power supplies of CMOS image sensors, MCUs, and
RF circuits

The following subsections show typical application circuits to obtain the best performance from the
TCR5BM and TCR8BM LDO regulators with low dropout characteristics. These application circuits are
for the power supplies of CMOS image sensors, MCUs, and RF circuits.

TOSHIBA

3.1 Example of an application circuit for the power supply of CMOS image sensors

Application circuit with a power efficiency of 89% Part number TCR5BM12A
Power loss 75 mW
233V Power efficiency | 89% (Vour/Vi)
o1 e oo ?” ICn:/IaOgSe VIN 135V
L35V ;/_7 veT Ly Sensor VBIAS 3.3V
VIN VOUT l Digital core VOUT 1.2V
1.0y 2.2 WF IOUT 500 mA
;l/_7 ;l/_7 CIN 1 pF
CBIAS 0.1 pF
Figure 3.1 TCR5BM12A for CMOS image sensor COUT 2.2 uF

The above application circuit example is intended only as a guide. For load transient response, ripple
rejection ratio, and other characteristics, see the application note LDO Regulator Application Circuits
for the Power Supplies of CMOS Image Sensors, which will shortly be released.

3.2 Example of an application circuit for the power supply of MCUs

Application circuit with a power efficiency of 77%

>33V

0.1 plZI
1.3V %

VBIAS

VCT

VIN

GND qr

1,

o

\

Part number

TCR8BM10A

Power losses

240 mW

Power efficiency

77% (Vout/Vm)

VOUT —L

1.0 pI:

7

MCU
CPU/ASIC

Core voltage

VIN

1.3V

VBIAS 3.3V
VOUT 1.0V
IOUT 800 mA
CIN 1 pF
CBIAS 0.1 pF
couT 2.2 uF

The above application circuit example is intended only as a guide. For load transient response, ripple
rejection ratio, and other characteristics, see the application note LDO Regulator Application Circuits
for the Power Supplies of MCUs, which will shortly be released.
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3.3 Example of an application circuit for the power supply of RF circuits

Application circuit with a power efficiency of 81% Part number TCR5BM11A
Power losses 125 mW
>33V Power efficiency | 81% (Vour/Vi)
;I_T__ VBIAS  GND I R ic VIN 1.35V
ey mr |V " VBIAS 3.3V
' VIN vouT *~— Core voltage VOUT 1.1V
1.0 ”;l,', > ”F;ILI', IOUT 500 mA
CIN 1 pF
CBIAS 0.1 pF
CcouT 2.2 yF

The above application circuit example is intended only as a guide. For load transient response, ripple
rejection ratio, and other characteristics, see the application note LDO Regulator Application Circuits
for the Power Supplies of RF Circuits, which will shortly be released.

4. Summary

Toshiba’s dual-power-supply LDO regulators provide a high-current and low-voltage output with high
power efficiency and low power loss. These LDO regulators are ideal for the power supplies of the
digital cores in CMOS image sensors, MCU cores, and RF circuits. See datasheets for detailed electrical
characteristics.

Dual-power-supply low-dropout LDO regulators that provide high power efficiency:
To download the datasheet for the TCR5BM 500-mA LDO regulator— Click Here

To download the datasheet for the TCR8BM 800-mA LDO regulator — [ SSSIgEIE

To download the datasheet for the TCR13AGADJ 1.3-A LDO regulator— F@[{e'8 g[=17=]

To download the datasheet for the TCR15AG 1.5-A LDO regulator— SR @& gElee

See the application note Low-Dropout (LDO) Regulator ICs for how to use LDO regulators.
To download the application note Low-Dropout (LDO) Regulator ICs— Click Here

To view the lineup of other LDO regulators— Click Here
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