| TAIWAN
SEMICONDUCTOR

AN-1010

Low Dropout (LDO) regulator index and

feature - application note

www.taiwansemi.com



p
=

RAIVVEA
SEMICOND OR

Taiwan Semiconductor

Content

1 Low Dropout (LDO) regulator iNtrodUCTION ......c..ececuieiiiiieeiiieesieeesteeesiee et e ee e e riee e s iae e sae e e ebeeesnee e e 2
1.1 Why needing Low Dropout (LDO) reGUIALON .....c.eeevcuieiiiieeeieeecieeesteeesteeesiteeestaeeesaaeessaaeesaeeesneeesnee e e 2
1.2 Low Dropout (LDO) regulator CONCEPT ....cceceiiee ettt et e et eeae e e e e saae e e e e eanaaeeeennaeeeennes 2
1.3 LDO @rChit@CIUIE oottt e st e e s bb e e sbe e e sbe e e sab e e e saree e e 3
1.4 LDO voltage stabilize CONCEPL ..ooueiiiii et s e e e st e e e s sbae e e s ssabaeeesssnaeeeennns 4
2 Low Dropout (LDO) regulator K€Y iNUEX .......ccccccuueeiiiiiieeieiiieee ettt et e e st e e s e saae e e e s aaae e s e enaaees 5
0 R D T o o Lo TU | AV 7o = PR 5
2.2 Thermal diSSIPatioN.........uuiiiiiiii it e s e e e e e e e e s et e e e e e e e e sesnsteeaeeeeeeeeasanssssanneaeeesaannne 5
2.3 QUIESCENT CUMTENT .eeiiiiiiiiiii e s e e e s s b e e e s s b et e e s s brae e s sananes 5
B ] 213 ST PP PP PP PPPRPPPPPPPPPPPPPRE 5
3 Low Dropout (LDO) regulator application CIrCUIt .......c.ueeeieiiiieiiiiiiec e e 7
4  Low Dropout (LDO) regulator embedded fuNCLioN.........c.coiiiiiiiii e 8
A1 EN@DIE ..t e e b s n e e e e re e s ne e neennneea 8
4.2 UNAEI VOITAZE FESEL ..ottt e e e e st e e e e e e e e estbbaaeeeeeeeeseassssbareeeseeeensstrrraneeeeenns 8
4.3 POWET ON EIAY FESEL ...ttt ettt e e e e e s br et e e e e e sesabsaaeeeeeeeeseassssbareeeseseensntrrraneaeeenns 9
VIV ol o Yo o - RO 10
4.5 Thermal SRULAOWN ..cocueiiiiiieeee et r e e s e e e e e enees 11
A.6 CUITENT IIMIT .ot e st b et s r e e sm e e e sneesseesaneesneeeaneenneeenees 11

1 Version: A2203



TAIWAN
SEMICONDUCTOR

Taiwan Semiconductor

1. Low Dropout (LDO) regulator introduction

1.1 Why needing Low Dropout (LDO) regulator

Low Dropout (LDO) regulator is suitable for low voltage difference provide close voltage regulation like
5V to 3V, the output voltage remains stable in spite of input voltage variation. Low Dropout (LDO)
regulator is easy to use with less external components. LDO operate no noise to offer good voltage
ripple suppression, it could provide automotive clean and reliable power (Figure 1).
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(Figure 1 — LDO application diagram)

1.2 Low Dropout (LDO) regulator concept

Low Dropout (LDO) regulator can regulate voltage if Vin close to Vout as formula:
Vour = Vin — Vdrop

Low Dropout (LDO) regulator utilized switch element (Mosfet) working in liner region to regulate voltage,
as a variable resistance (Figure 2).
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(Figure 2 — LDO block diagram)

1.3 LDO architecture
Low Dropout (LDO) regulator main circuit composition includes four portions (Figure 3):

Feedback resistors: Two resistors composed, it is responsible for sampling Vout variation
Reference voltage: it provides accurate voltage for operation amplifier comparison reference

3. Operation amplifier: It compares feedback voltage with reference voltage to control switch device
operation

4. Switch device: operate in linear region as a variable resistors to maintain Vout
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(Figure 3 — LDO main composition)
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1.4 LDO voltage stabilize concept

Low Dropout (LDO) regulator process voltage program: Once Vin increase or Vout increase, the feedback
resistance will sense Vout and make VF increase. Operation amplifier compares VF with reference
voltage and provide signal and make VA increase. The switch device belongs P-MOSFET, the Vps will
increase when Vgs increase. So Vout will decrease to compensate the beginning Vout raising (Figure 4).
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Voltage regulation process:
Vin 1 or Vout 1 = Vout 1 > VF } > VA 1 > VDS 1 2 Vout |,

(Figure 4 — LDO voltage stabilize process procedure)
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2. Low Dropout (LDO) regulator key index

2.1 Dropout voltage

Dropout voltage Vdr is the minimum voltage difference of Vin and Vout, the demand voltage when Vin
regulate to Vout as following formula:

Vour = Vin — Var
Vin = Vout + Vdr

Take TQL820CA14V50 datasheet as example (Figure 5). What is the Vin minimum needs to apply if we
need to regulate to Vout=5V, lout=200mA, the calculation is as below:

Vin = Voue + Var = 5V + 0.34V = 5.34V

TQL820CA14V50 datasheet:

ELECTRICAL SPECIFICATIONS (viy = 13.5V, T, = -40 to 150°C unless otherwise noted)
_______________________________ PARAMETER | conmimions symsoL | miN | Tvp | max [uniT
| | | | |
T Vin 1 Vour - Supply Voltage
/ /2
Vin : ! S5V /200mA oot vortane 0.05mA < lovr < 200m# | as s | s1 | v
H ! HpUE Vokag 5,44V < Vi < 28V |
' 1 0.05mA < lour< 100mA
] Vi
! Reset : Qutput Voltage 5.27V < Vi< 4OV | ‘ouT 49 5 5.1 \
H ! V> 18Vims, Cour=1pF
1| Reference i Start-up Slew-rate " FOUEIE L Gt - 35 - | vims
1 voltage H ue 0.5V < Vour < 4.5V e
| I 1 ] |
I EI \ Current Limit OV < Vour < 4 8Y T ~- | s | - mA,
1 atchdog ' 1 1 1 {
lout = 0.05 to 200mA,
! ' Load Regulation o AVour | <15 | <15 | 5 v
! i V=6V
1
V= 810 32V
| ! Line Regulation m=ste AVours | -20 0 20 v
! : lour = 1mA
D e Tt e Dropout Voltage (Va=Vir-Vour) lour= 200mA I va | = [ 110 Jaao [ mv]
= Dropout Voltage (Var=Vin-Vour) lout = 100mA | Ve | = | 70 [ 70 [ mv |

(Figure 5 — Vdr datasheet description of TQL820CA14V50)

2.2 Thermal dissipation

LDO regulate voltage by changing resistance of the switch element, there will be power dissipation in
LDO and the power will turn to heat. We need to make sure the heat have to be less than LDO junction
temperature.

Take TQL820CA14V50 datasheet as example (Figure 6). Determine temperature affect LDO calculation:
1. lin = lout + Ig (ground current)

2. LDO power dissipation: Pdr = (Vin —Vout) x lout + Vin x Ig
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3. Judge TA + (RthjA x Pdr) < Tj (LDO junction temperature)

Pdr = (Vin — Vout) x Tout + Vin x Ig

Pin=VinxIin °

: Your Pout = Vout x Iout

i TQL820CA14V50 datasheet:

|THERM&L PERFORMANCE

PARAMETER SYMBOL TP uNIT
Junction to Case Thermal Resistance Rauc ] “CW
Junction to Ambient Thermal Resistance | 50 cw |

,,,,,,,,,, Notes: The thermal data is based on the PCB JESD 51-3 at natural convection en 1s0p board with 1 copper layer (1 x 70pm Cu)
- and with 300mm? heatsink area on PCB

(Figure 6 — RthjA datasheet description of TQL820CA14V50)

2.3 Quiescent current

lq (quiescent current): When external current is zero, LDO consume current for internal circuits —
bandgap reference voltage, operation amplifier, output diver, current limit, thermal shutdown,
watchdog... Low Iq contribute low standby power dissipation, it is important for long standby mode
application in battery— smartwatch, cellphone, health tracker...

2.4 PSRR

Power supply ripple rejection (PSRR) represents noise ratio of input noise couples into output noise. LDO
can clean some input noise, then output minimal ripple with below decibel formula:

Vin(ripple)
PS RR(dB) =2 OIOg(W

Take TQL820CA14V50 datasheet as example (Figure 7). If Vin with ripple voltage 50mV, what is the Vout
ripple voltage LDO can suppress:

Ex: If vin (ripple) = 50mV
59dB =20 log(50mV/(Vout (ripple) ))
891 = 50mV/(Vout(ripple))

Vou(ripple = 56.1uA
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TQL820CA14V50 datasheet:

: ! Power Supply Ripple Rejection f= 100Hz PSRR 59 B
+ pply Ripple Rej v =05vpp - -

(Figure 7 — PSRR datasheet description of TQL820CA14V50)

3. Low Dropout (LDO) regulator application circuit

Vin connect capacitance C1 in series, it could prevent voltage self-exciting oscillation by harness wire
inductance effect. Vout connect capacitance C2, it could prevent voltage ripple. In reverse polarity
situation, surge current would flow through switch device. Connect reverse polarity diode in series to
protect is mandatory (Figure 8).

7
Thermal shutdown
]

1
: :
! I
| 1
[ I
[ I
C ]_ —_— : Reference : —_— C2
| voltage = 1
| = i
: Watchdog : 470uf
0.33uf i | Enable i
! 1
| I
! I

(Figure 8 — LDO circuit application diagram)

4’]' vin |

Reverse polarity diode
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4. Low Dropout (LDO) regulator embedded function

LDO main function is voltage regulation. For integrated circuit concept, LDO also integrate additional
functions for application demand.

4.1 Enable

Battery connected to LDO system still consume power in standby mode, MCU could control LDO
operation via Enable function to gain the battery power efficiency. Take TQL820CA14V50 as example:
EN pin receive low-logic signal from MCU to turn off LDO Vout; oppositely EN pin receive high-logic
signal to turn on LDO Vout (Figure 9).

%

you!
—_—
“«
M

N - —— —

(Figure 9 — Enable function operation waveform)

4.2 Under voltage reset

Once MCU powered unstable low voltage, it might operate incorrect logic operation. Take
TQL820CA14V50 as example: LDO could monitor its Vout if lower to reset lower threshold voltage VRTL
(ex. TQL820CA14V50 typ. VRTL = 4.6V), LDO RO pin will provide low-logic signal to reset MCU (Figure 10).
VRTL could be adjusted by connecting external resistor Rth1l and Rth2:

Verinew = Vrrra X (Ren1 + Renz) /Renz

Verru is adjustment threshold (ex. TQL820CA14V50 typ. Vgrry = 1.2V)
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(Figure 10 — Under voltage reset operation waveform)

4.3 Power on delay reset

MCU oscillator needs 1 — 10ms to be stable while power on. If MCU start working before oscillator stale,
MCU might initialize incorrectly. LDO power on reset delay time can prevent MCU initialize before
oscillator is stable. Take TQL820CA14V50 as example: When Vout exceeding reset upper threshold
voltage VRTH (ex. TQL820CA14V50 typ. VRTH = 4.7V), LDO RO pin will delay reset time (tRD = 8.5ms
when PI1 connect Vout) to switch low-logic signal to high-logic signal (Figure 11). The timing tRD can be
controlled by PI1 pin.

PI1 connected to trD
GND 16.5ms
ouT 8.5ms

|

!

| // |

i i \

T i \

| VRTL=4.7V — — —— 1—/—>§r‘ T

i i ¥

| i ]

Vout = 1 | tRD=8.5ms |
1

RO

-t
|
|
|
¥

i
PZmin(C1) PImean(Cy Pamax(C3) PSmIN(C3) PB1req(CT) PT.0C1) Pg--
130mV 2421V 526V 102mv - -
v

[Friveer _c3 oc ]

Xi= 295240ms AX= 8.18220ms
Xzs 11.9346ms 1AXs 122217Hz

(Figure 11 — Power on delay reset operation wave form)
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Watchdog timer is an important function to monitor MCU operation, watchdog monitor MCU signal
timing periodically. Once MCU provide no expected signal timing, watchdog will reset MCU. Take
TQL820CA14V50 as example: Watchdog timer WDO pin start by an high-logic signal time of tWDI,i
(ignore time, ex. TQL820CA14V50 typ. tWDI,i = 16ms), then remain time of tWDI,tr (trigger time, ex.
TQL820CA14V50 typ. tWDI,tr = 16ms when PI1, P12 connect Vout) to monitor MCU signal exist in this
period or not. If there is no MCU signal within tWDI.tr, WDO will provide low-logic signal to reset MCU
among 8ms. The Watchdog Trigger Time is programmable with PI1 and PI2. The timing selection as

follows:

PI1 connected to PI2 connected to tworr
GND GND 96ms
QUT GND 48ms
GND ouT 32ms
ouT ouT 16ms

Operation example 1:

Select Watchdog Trigger Time tWDI,tr = 16ms

1. No signal apply to WDI

2. All pulse falling edge signal all within tWDI,tr

3. WDO no provide low-logic signal

Operation example 2:

Select Watchdog Trigger Time tWDI,tr = 16ms
1. Apply to WDI (pulse 10ms/ width 35ms)

2. WDO start counting tWDI,i = 16ms

3. All WDI received falling edge signal within

tWDI,i is ignored

4. After tWDI,i finished, start counting

tWDI,tr=16ms

5. Find out WDI falling edge signal with tWDI,tr

6. Continue counting tWDI,tr

7. There is no WDI falling edge signal within

WDO
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8ms to reset MCU

10

o

: ‘:/ falling edge signal

|
v
|
|
|
|
|
' | |
‘,
|
|
|
|
|
|
|
|

%
Py
ﬁ’r xi
Xts 7 6509ms So0s3ms
a83ms @nine

Version: A2203



p
=

RAIVVEA
SEMICOND OR

Taiwan Semiconductor

Operation example 3:

Select Watchdog Trigger Time tWDI,tr = 16ms wpo | : s
1. Apply WDI (pulse 10ms/ width 15ms) ‘ ‘ |

2. All pulse falling edge signal all within twDLtr . ‘ |

3. WDO no provide low-logic signal A L $_ i__ ] =

4.5 Thermal shutdown

Thermal shutdown: Take TQL820CA14V50 as example will shut down once internal sense 160C; it
automatically restart after internal temperature back to 130C.

4.6 Current limit

Current limit: To avoid of output short circuit to ground, Take TQL820CA14V50 as example limits output
current from damage by excessive power dissipation.
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