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Manufacturer Product Number:

AO0Z2140DI

Series:

EZBuck™

Function:

Step-Down

Topology:

Buck

Number of Outputs:

2

Voltage - Input (Max):
5.5V

Voltage - Output (Max):
4.67V

Freguency - Switching:

650kHz

Operating Temperature:

-40°C ~ 85°C (TA)
Package / Case:
14-WFDFN Exposed Pad
Base Product Number:

AO0Z2140

Environmental & Export classification

RoHS Status:
ROHS3 Compliant
REACH Status:
REACH Unaffected
HTSUS:

8542.39.0001

Manufacturer:

Alpha & Omega Semiconductor Inc.
Product Status:

Active

Output Configuration:
Positive

Output Type:

Adjustable

Voltage - Input (Min):

3V

Voltage - Output (Min/Fixed):
0.8V

Current - Output:

3A, 5A

Synchronous Rectifier:

Yes

Mounting Type:

Surface Mount

Supplier Device Package:

14-DFN (3x2)

Moisture Sensitivity Level (MSL):
1 (Unlimited)

ECCN:

EAR99

DiGi is a global authorized distributor of electronic components.



A0Z2140DI Alpha & Omega Semiconductor Inc. IC REG BUCK ADJ 3A/5A DL 14DFN

ALPHA : OMEGA

SEMICONDUCTOR

General Description

The AOZ2140DI is a high-efficiency, easy-to-use DC/DC
synchronous buck regulator which supports 3V to 5.5V
input voltage range. The device is capable of supplying
3A of continuous output current with an output voltage
adjustable down to 0.8V (x1.0%).

A proprietary constant on-time PWM control with input
feed-forward results in ultra-fast transient response while
maintaining relatively 650kHz constant switching
frequency over the entire input voltage range.

The device features multiple protection functions such as
Ve under-voltage lockout, cycle-by-cycle current limit,
output over-voltage protection, short-circuit protection,
and thermal shutdown.

The AOZ2140DI also integrates a signal channel load
switch with typical 23mQ on-resistance in a small pack-
age. It contains one n-channel MOSFET for up to 5.5V
input voltage operation and 5A of continuous output
current.

The AOZ2140DI integrates an internal 290Q) load resistor
for quick output discharge when load switch is off.

The AOZ2140DI is available in a 3mmx2mm DFN-14L
package and is rated over a -40°C to +85°C ambient
temperature range.

Rev. 1.0 January 2019

A0Z2140DI

5.5V/3A Synchronous EZBuck™ Regulator
and Smart Load Switch

Features

EZBuck™:

3V to 5.5V input voltage range

3A continuous current per channel

Output voltage adjustable down to 0.8V £1.0%
Internal Rpgony PFET and NFET

— 140mQ high-side PFET

—45mQ low-side NFET

Fixed switching frequency is 650kHz
Ceramic capacitor stable
Cycle-by-cycle current limit
Short-circuit protection

Over voltage protection

Thermal shutdown

Smart Load Switch:

0.8V to 5.5V input voltage range

5A continuous output current

Low RDS(ON) NFET

—23mQ

Integrated quick output discharge resistor

Thermally enhanced 3mm x 2mm DFN-14L package

Applications

www.aosmd.com

Portable computers

Compact desktop PCs

Set top boxes

LCD TVs

Cable modems

Point of load dc/dc converters
Telecom/Networking/Datacom equipment

@

Green

Product
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SEMICONDUGTOR AOZ2140DI

Typical Application

INPUT1
3V to 5.5V

4 IN1

>
10uFx2+0.1uF

OFF |ON ppw——————1 EN1 LX
VOUT1
0.8V to 0.85*IN1
5V ﬁ vce
c2
c3 —
4.7uF A0Z2140DI FB | 22uFx2
GND

- i

| out PGND
VOUT 2/5A
105F N2 | —————————————— \Y
M INPUT2

%‘ - 0.8V to 5.5V
OFF |ON pw—— 1 EN2 g %

$ POWER GROUND

J__ ANALOG GROUND
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A
\ 4

|
|
|
EN1 | :
or | |
EN2 : :

T < > |
| | |
| | 50us | |
| | |
| | : |
| |

Vourz | | | :
T T T >
| | | ton
| | | |
| | | |
| | | I
| | | |

Vour1 : : : :
| | | ]
Lo ! !
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Ordering Information

Part Number Temperature Range Package Environmental

AOZ2140DI -40°C to +85°C 3mmx2mm DFN-14L Green

All AOS products are offered in packages with Pb-free plating and compliant to RoHS standards.

Please visit www.aosmd.com/media/AOSGreenPolicy.pdf for additional information.

Product

Pin Configuration

peND [ 1 | F———— ] 14 | IN1
C1L Lo
peND | 2 | | EEN K
| I
LX __3_1 I I L_12_ EN1
| I
x| a1 | GND I L1 | FB
— | I —
En2 |5 1 | L 10 ] vee
. | —_
| !
out| & | | I o] me
I L
out| 7 | L —e—e—J |8 ]m
14-Pin 3mm x 2mm DFN
(Top View)
Pin Description
Pin Number Pin Name Pin Function
1,2 PGND Power ground.
3,4 LX Converter switching node.
5 EN2 Enable input for smart load switch which is ON when EN2 is pulled high and is OFF when
EN2 is pulled low. Do not floating this pin.
6,7 ouT Smart load switch output.
8,9 IN2 Supply input for smart load switch. All IN2 pins must be connected together.
10 VCC Supply input for analog functions. Bypass VCC to GND with a 1uF~10uF ceramic capaci-
tor. Place the capacitor as close to VCC pin as possible.
11 FB Feedback input for converter. Adjust the output voltage with a resistive voltage-divider
between the regulator's output and GND.
12 EN1 Enable input for converter. Converter is enabled when EN1 is pulled high. The converter
shuts down when EN1 is pulled low.
13, 14 IN1 Supply input for converter. All IN1 pins must be connected together.
EPAD Exposed Pad | The exposed bottom pad must be connected to GND. This is also AGND of IC.
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Absolute Maximum Ratings

Exceeding the Absolute Maximum ratings may damage the

A0Z2140DI Alpha & Omega Semiconductor Inc. IC REG BUCK ADJ 3A/5A DL 14DFN

AO0Z2140DI

Recommend Operating Ratings

The device is not guaranteed to operate beyond the Maximum

device. Operating Ratings.
Parameter Rating Parameter Rating
1

IN1, IN2, LX to PGND(") -0.3V to 8Y Supply Voltage (Vpy) 3V to 5.5V

VCC, FB, EN1, EN2, to AGND -0.3V to 6V Supply Voltage (Ving, 0.8V t0 5.5V

TGND to _I'_A‘GND - -0.3Vito :5003;/ Output Voltage Range Vot 0.8V to 0.85*V)y

ti t +150°
unction Temperature (T,) Ambient Temperature (Tp) -40°C to +85°C
Storage Temperature (Tg) -65°C to +150°C Pack ™ | Resist
ESD Rating HBM/CDM® 2KV/TKV a‘;X‘ZQSFNe1T?® e)s's ance 10°CIW
- JC

Notes: 3x2 DFN-14 (®,) 65°C/W
1. LX to PGND transient (t<20ns) ------- -5V to V|n+5V.

2. Devices are inherently ESD sensitive, handling precautions are
required. Human body model rating: 1.5k in series with 100pF

Electrical Characteristics

EZBuck™

Ta =25°C, V|N=5V, V=5V, EN = 5V, unless otherwise specified. Specifications in BOLD indicate a temperature range of
-40°C to +85°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
VIN1 IN1 Supply Voltage 3 5.5 \Y,
VuvLo Under-Voltage Lockout Threshold of Ve rising 2.8 3 V
Vee Ve falling 24 | 255 Vv
Vee Hys Ve UVLO Hysteresis 180 mV
Iq Quiescent Supply Current lout = OA, Vgn1= 5V, VEnp = OV 150 MA
loFF Shutdown Supply Current VEN1 = VEne= OV 100 nA
BT o192 | s [ os0e | v
Load Regulation 0.5 %
Line Regulation 1 %
Irg FB Input Bias Current 10 nA
Enable
Ven EN1 Input Threshold o hreshold 14 05 x
EN1_HYS | EN1 Input Hysteresis 200 mV
Modulator
Ton On Time 310 ns
Tonomin | Minimum On Time ViN=5V=Vce, Vour=1V 200 ns
Torr_min | Minimum Off Time 310 ns
Soft-Start
Tss_ouTt SS Source Time 4 ‘ ms

Rev. 1.0 January 2019
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AO0Z2140DI

Electrical Characteristics (Continued)

EZBuck™

Ta =25°C, V=5V, V=5V, EN = 5V, unless otherwise specified. Specifications in BOLD indicate a temperature

range of -40°C to +85°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Under Voltage and Over Voltage Protection
VpL Under Voltage Threshold FB falling 70 %
TpL Under Voltage Delay Time 20 us
VpH Over Voltage Threshold FB rising 120 %
Power Stage Output
RpsHion) | High-Side PFET On- Resistance VIN = 5V 140 mQ
VCC =5V
High-Side NFET Leakage VEN =0V, VLX =0V 10 10 uA
RpsLon) | Low-Side NFET On- Resistance VLX = 5V 45 mQ
VCC =5V
Low-Side NFET Leakage VEN = 0V 10 uA
Over-Current and Thermal Protection
Over Current VCC =5V 5 A
Thermal Shutdown Threshold 150 °C
Smart Load Switch
Ta=25°C, V¢ = 5V, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Vin2 IN2 Supply Voltage 0.8 55 Vv
Vee VCC Supply Voltage 3 5.5 V

VuvLo Under-Voltage Lockout Threshold of Vcc rising 2.8 3 \Y
Vee V¢ falling 2.4 2.55
Ib Maximum Continuous Current VIN2 = VEN2 = 5V S A
lpLs Maximum Pulsed Switch Current VIN2 = VEN2 = &V 7 A
Pulse < 300ps, 2% Duty Cycle
lg Quiescent Supply Current of Vcc louTt = 0A 150 uA
VIN2 = BV, Vgnq =0V, VEgpo= 5V
lorr Shutdown Supply Current VEN1 = VEN2= OV 100 nA
lEN2 EN2 Leakage Current 1 uA
VENH2 EN2 High Level Voltage 1.4 \%
VENL2 EN2 Low Level Voltage 0.5 \
EN2_HYS | EN2 Input Hysteresis 200 mV
Switching ON Resistance
Ron Switch ON-State Resistance IoUT = -200mA 23 mO
VIN2 = 0.8V to 5V
Rpp Output Pull-Down Resistance IouT = 15mA 290 Q
VIN2 = 5V, VEN2 = OV

Rev. 1.0 January 2019
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A0Z2140DI Alpha & Omega Semiconductor Inc. IC REG BUCK ADJ 3A/5A DL 14DFN

AOZ2140DI
Switching Characteristics
50%
N\ torr |
EN2 : !
| t
I |
I |
I |
90% ) |
|
|
VOUT2
>
Test conditions: Tp = 25°C, C4=1uF, C5=0.1uF, R ou12=10Q, unless otherwise specified.
Symbol Parameter Conditions Min. | Typ. | Max. | Units
VIN2=VCC=5V
ton Turn-ON Time 310 bs
tb-oN Turn-ON Delay Time 110 us
tr Turn-ON Rise Time 464 bs
toFF Turn-OFF Time 1.97 Hs
tF Turn-OFF Fall Time 2.25 Us
VIN2=2.5V, VCC=3V
ton Turn-ON Time 241 us
tb-on Turn-ON Delay Time 150 VE
tr Turn-ON Rise Time 206 us
torr Turn-OFF Time 5.26 bs
te Turn-OFF Fall Time 3 us
VIN2=0.8V, VCC=3V
ton Turn-ON Time 172.5 us
tb-on Turn-ON Delay Time 148.8 bs
tr Turn-ON Rise Time 45.5 us
torr Turn-OFF Time 15.5 bs
te Turn-OFF Fall Time 2.85 VES
Rev. 1.0 January 2019 www.aosmd.com Page 6 of 20
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SEMICONDUGTOR AOZ2140DI

Functional Block Diagram

vece [|L: °
‘ uvLO
ENT LT ‘j TOFF_MIN
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S
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R
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FB [] DECODE ILIM COMP
[LNY p— )
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EN2 [j; Control
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SEMICONDUGTOR AOZ2140DI

Typical Performance Characteristics

EZBuck™
Tp=25°C, V|\=5V, Vout=1V, unless otherwise specified.

Normal Operation Load Transient 0A to 3A
i 1 Vo
ATAYAVAYATAYAY AVAVAVAVAVAVATAS biviio (100mvidiv)
L L T L v
LAAAAAANAAAAANANA i e et 1L2)fc\/div)
Full Load Start-up Short Circuit Protection
“““ Py ‘ , . ‘

g™ (400mV/div) ; \,\
2 | H qv
——/ | EN e \ (4%OmV/diV)

. | (svrdiv) : Iy
VLX = WMH . VLX .
(4V/div) | (@Vidiv)
| T |
| (2AIdiv)
R 1 hx
(3A/div)

Efficiency vs. Load Current

95
90
\
85 Q—A%
X 80|
D75
c
2 70
L2
"uu]' 65— — vo=33v
60 | — Vvo=25v
55 —— V0=1.8V
- Vo=1V
50
0 1 2 3
Output Current (A)
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Typical Performance Characteristics

LDS
Turn-ON & Turn-ON Rise Times
(ViN2=5V,Vcc=5V,C4=1uF,C5=0.1uF R x=10Q)
T e

EN
(3VIdiv)

Vour
(2V/div)

Turn-ON & Turn-ON Rise Times

(Ving=2.5V V=3V, C4=1uF,C5=0.1uF,R x=10Q)

AutoFebruary 13,208 1315535

Turn-OFF & Turn-OFF Fall Times

(Vin2=5V,Vcc=5V, C4=1uF,C5=0.1uF,R x=10Q)

SEEEEE 1

Yo

M0 Sz0.0m
M0 Syz0.0m

G 20vin
@ 20vian

EN

1 (3vidiv)

Vour
(800mV/div)

EN
(3V/div)

Vour
(2V/div)
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AO0Z2140DI

Turn-ON & Turn-ON Rise Times

(Vin2=0.8V,Vce=5V, C4=1uF,C5=0.1uF,R x=10Q)

M0 Byz00m

G s oview
@ woomvidiy

Turn-ON & Turn-ON Rise Times

(Vinz=0.8V,Vcc=3V

, C4=1uF ,C5=0.1uF R 1x=10Q)

——————

Turn-OFF & Turn-OFF Fall Times

(Ving=0.8V,Vcc=5V, Cs=1uF,C5=0.1uF R x=10Q)

www.aosmd.com

—d] EN
(3V/div)
|| Vour
(400mV/div)
EN
=== (3V/div)
- 1 Vour
(400mV/div)
EN
(3V/div)
]V OUT
(400mV/div)
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AO0Z2140DI

Typical Performance Characteristics

LDS
Turn-OFF & Turn-OFF Fall Times Turn-OFF & Turn-OFF Fall Times
(v.N2=2.5v,ycc=3v, C4=1uF,Cs=O.1uF,RLx=1OQ) (Vin2=0.8V,Vcc=3V, C4=1uF,C5=0.1uF,R x=10Q)
—_— ] 7 ______________ Z;.‘__'.‘ 1
| EN EN
T (3VIidiv) 1 (3V/div)
] Vout o ] Vour
(800mV/div) (400mV/div)
Turn-ON & Turn-OFF @ IOUT=3A Turn-ON & Turn-OFF @ IOUT=3A
(Vinz=5V,Vcc=5V,C4=4.7uF,C5=4.7uF) (Vinz=0.8V,Vcc=3V,C4=4.7uF,C5=4.7uF)
____[ . |EN | ~_{EN
r T me———————————— (3V/div) 1 ] (3Vidiv)
@m T——————————] \Izovule. (@i ! == VOUT
(2vidiv) 1 (400mvrdiv)
lout P I lout
R IR N ‘ (2A/div) ‘ ‘ ‘ ‘ (2A/div)
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Typical Characteristics

AQ0Z2140DI Alpha & Omega Semiconductor Inc. IC REG BUCK ADJ 3A/5A DL 14DFN

AO0Z2140DI

LDS
tON VS. VIN (Vcc=3V) tD-ON VS. V|N (Vcc=55V)
500 150
450 [————0€ 140 [———%¢
—_— a5oc - — 25°C
400 [———55¢ 130 [T —"g0°c
350 / - 120
- 300 g 110
ZE: 250 5 100
Q 0 Q
150 80
100 70
50 60
0 T T T T T T T T T T T %0 ! ! ! ! ! ! ! ' ! ! !
08 12 16 2 24 28 32 36 4 44 48 52 56 08 12 16 2 24 28 32 36 4 44 48 52 56
VIN (V) VIN (V)
tON VS. le (Vcc=55V) tR VS. VIN (Vcc=3V)
400 800
——-40°C —— -0°C
‘/O|— o0l— .
300|— 8¢ / 600|— — 80°¢ /
250 / 500 / e
m / - / //
ZE: 200 2 400
e € // /
150 300 //
100 200
50 100
0 T T T T T T T T T T T 0 T T T T T T T T T T T
08 12 16 2 24 28 32 36 4 44 48 52 56 08 12 16 2 24 28 32 36 4 44 48 52 56
VIN (V) VIN (V)
tp.on vs. ViN (Vcc=3V) trvs. ViN (Vcc=5V)
200 800
190 |— —0°c 00 — 40°C
— 25C — 25°C
180 [ —— goec 600 — 80°C pa
170 //
o~ 500
» 160 —_ //
=3 7]
g 150 — % 400 /
? e S] ///
Q 140 = a0
130 /
200
120
110 100
100 T T T T T U T 1 T 1 T 0 T T T T T T T T T T T
08 12 16 2 24 28 32 36 4 44 48 52 56 08 12 16 2 24 28 32 36 4 44 48 52 56
VIN (V) VIN (V)
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Typical Characteristics

T T T T T T T T
08 12 16 2 24 28 32 36 4 44 48

T T T T T T T T
08 12 16 2 24 28 32 36 4 44 48

T T T T T T T
08 12 16 2 24 28 32 36 4 44 48

LDS
torr vs. Vin (Vcc=3V)
20 4
18 — -a0°C
— 25 35
16 [N — &0°C
14 A 3
w 12 —_
»
I.I.é 10 \ 2 25
i >
(*] 8
2
6
4 \ 1.5
2
0 1
T T T T U U T T T U T
08 1.2 1.6 2 24 28 32 36 4 44 48 52 56
VIN (V)
tOFF VS. V|N (Vcc=55V)
25 35
— a0°C 33
— 25°C
20 31
— 80°C
29
m 15 27
=
= 25
Q 10 23
21
5 19
17
0 T T T T T T T T T T T 15
08 1.2 1.6 2 24 28 32 36 4 44 48 52 56
VIN (V)
tF VS. VIN (Vcc=3V)
4 35
— .a0°C
33
a5 — 25°C
’ —— 80°C 31
3 N 29
27
m
2 25 25
-]
23
2 e —
21
15 19
17
1 T T T T T T T T T T T 15
08 1.2 1.6 2 24 28 32 36 4 44 48 52 56
VIN (V)
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AO0Z2140DI

tF VS. V|N (Vcc=55V)

= -40°C
—950C

— 80°C

N

T
52 56

VIN (V)

RDSON VS. VIN (Vcc=5.5V, IQU-|-=200mA)

= -40°C
= 25°C
= 80°C
[ ——
N
i S S
B ——
e —

T
52 56

VIN (V)

Rpson Vs- Vin (Vcc=3V; loyt=200mA)

———~—

= -40°C
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= 80°C

T
52 56

VIN (V)
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Detailed Description

The AOZ2140DI is a multi-function product which
includes one EZBuck converter and one smart load
switch.

The converter of AOZ2140DI is a high-efficiency, easy-
to-use DC/DC synchronous buck regulator optimized for
notebook computers. The regulator is capable of supply-
ing 3A of continuous output current with an output volt-
age adjustable down to 0.8V.

The input voltage of AOZ2140DI can be as low as 3V.
The highest input voltage of AOZ2140DI can be 5.5V.
Constant on-time PWM with input feed-forward control
scheme results in ultra-fast transient response while
maintaining relatively constant switching frequency over
the entire input range. True AC current mode control
scheme guarantees the regulators can be stable with
ceramics output capacitor. Protection features include
Ve under-voltage lockout, current limit, output over volt-
age and under voltage protection, short-circuit protection,
and thermal shutdown.

The smart load switch of AOZ2140DI is enabled when
EN2 pin is on active high with 1.4V or above voltage. The
smart load switch is disabled when the EN2 pin is lower
than 0.5V.

The AOZ2140DI is available in a 14-pin 3mmx2mm DFN
package.

Enable and Soft-Start

The converter of AOZ2140DI has internal soft-start fea-
ture to limit in-rush current and ensure the output voltage
ramps up smoothly to regulation voltage. A soft-start pro-
cess begins when V¢ rises to 2.8V and voltage on EN1
pin is high. An internal current source charges the inter-
nal soft-start capacitor; the FB voltage follows the voltage
of soft-start (Vgg) when Vgg is lower than 0.8V. When
Vgg is higher than 0.8V, the FB voltage is regulated by
internal precise band-gap voltage (0.8V). SS_OK will be
high when Vgg ramps up to 1.2V, as Fig 1. The soft-start
time typical is 4ms from EN1 to Vg 14 settling. UVP and
OCP enable after SS_OK is high.

Rev. 1.0 January 2019
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A0Z2140DI Alpha & Omega Semiconductor Inc. IC REG BUCK ADJ 3A/5A DL 14DFN

A0Z2140DI
EN1
VOUT1 Vss=1 2V
VSS=O.8V
Vss
SS_OK

Figure 1. Soft Start Timing of AOZ2140DI

Constant On-Time PWM Control with Input Feed-
Forward

The control algorithm of AOZ2140DI is constant on-time
PWM Control with input feed-forward.

The simplified control schematic is shown in Fig 2. The
high-side switch on-time is determined solely by a one-
shot whose pulse width is determined by one internal
resistor and is inversely proportional to input voltage
(IN1). The one-shot is triggered when the internal 0.8V is
higher than the combined information of FB voltage and
the AC current information of inductor, which is pro-
cessed and obtained through the sensed low-side MOS-
FET current once it turns-on. The extra AC current
information can help the stability of constant on-time con-
trol even with pure MLCC application, which has very low
ESR. Besides, the AC current information doesn't have
DC component so there is no offset when output load is
changed. It is fundamentally different from other 2
constant on-time control schemes.

IN1

¢ FB Voltage /AC
current Information

PWM

Programmable

One-Shot Comp

0.8V

Figure 2. Simplified Control Schematic of AOZ2140DI

True Current Mode Control

Pure MLCC solution is popular for DC/DC applications
due to small size, good performance at high frequency,
low ESR and ESL, and so on. However, the constant on-
time control is easy to happen double pulses or multiple
pulses in using pure MLCC solution. Because there is a
phase lag between output voltage ripple and inductor
current ripple and it get worst with low ESR application.
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The converter of AOZ2140DI senses the low-side MOS-
FET current and processes it into DC and AC items by
using AOS proprietary technique. The AC current infor-
mation is injected on the FB pin in phase. And hence, the
stability of constant on-time control can work stable with
low ESR of output capacitor and has better noise immu-
nity.

Current-Limit Protection

The AOZ2140DI has the current limit protection by using
Rps(on) Of the low-side MOSFET to be as a current sens-
ing. In order to get real current signal, a minimum con-
stant off-time is implemented after the on-time. The
threshold of current limit is about 5A of inductor valley
current. If the current exceeds the current limit threshold,
the PWM controller is not allowed to pulse one-shot. The
current limit will keep the low-side MOSFET turn-on until
the current in the low-side MOSFET is smaller than the
current limit threshold.

Output Current Over-current Protection

The AOZ2140DI considers this is a true failed condition
when OCP (inductor valley current=5A) is triggered con-
tinuously 20us. After that, AOZ2140DI will be turned-off
high-side and turned-on low-side MOSFETSs until induc-
tor current goes to zero.

Output Voltage Under-voltage Protection

There are two UVP thresholds. One is 70% of output volt-
age and the other is 50% of output voltage. The former is
with a 20us delay to prevent false trigger. High-side will
be turned-off and low-side will be turned-on until inductor
current reaches zero current. Please note, there is no
UVP function during soft-start.

Output Voltage Over-voltage Protection

The threshold of OVP is 1.2 times of output voltage.
When the output voltage exceeds the OVP threshold,
high-side MOSFET is turned-off and low-side MOSFETs
is turned-on until inductor current downs to zero.

Over Temperature Protection

AOZ2140DI provides an over temperature protection
function when the junction temperature is higher than
150°C. Both two outputs will be latched when OTP is trig-
gered.
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Applications Information

The basic AOZ2140DI application circuit is shown in the
first page. The related components selection and suitable
input/output voltage range are explained as below sec-
tions.

Input Capacitor Selection

For the converter of AOZ2140DI, the input capacitors
must be connected between IN1 pins and PGND pins.
The input ripple voltage can be derived as:

IO x(l_&)xﬁ

AV, =—F%—
" fxCy Viv' Vi

Therefore, C|y can be obtained by request input voltage
ripple and related parameters. Since the input current is
pulsating in the buck converter, the current stress of the
input capacitor should be considered when selecting the
capacitor. For the buck converter, the RMS value of the
input capacitor current can be calculated by:

’V V
ICINiRMS =1,x V_O(l_V_O)
IN N

Let m equal the conversion ratio:
V
=2 —m
Vv
The relation between the input capacitor RMS current
and voltage conversion ratio is calculated and shown in
Fig. 3. It can be obtained that when Vg is a half of V|,
C)n is under the worst current stress. The worst current
stress on C is 0.5:1g.
0.5

0.4

0.3

Teiy rus(m) / \
1 o 02

0.1

m
Figure 3. Iy vs. Voltage Conversion Ratio

For reliable operation and best performance, the input
capacitors must have current rating higher than Ig)n.rms
at worst operating conditions. Ceramic capacitors are
preferred for input capacitors because of their low ESR
and high ripple current rating. Depending on the applica-
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tion circuits, other low ESR tantalum capacitor or alumi-
num electrolytic capacitor may also be used. When
selecting ceramic capacitors, X5R or X7R type dielectric
ceramic capacitors are preferred for better temperature
and voltage characteristics. Note that the ripple current
rating from capacitor manufactures is based on certain
amount of life time and more capacitors are needed
when input voltage is low application. Further de-rating
may be necessary for practical design requirement.

For the load switch of AOZ2140DI, a capacitor of 1uF or
higher value is recommended to place close to the IN2
pins. This capacitor can reduce the voltage drop caused
by the in-rush current during the turn-on transient of the
load switch. A higher capacitance can be used to further
reduce the voltage drop during high-current application.

Inductor

The inductor is used to supply a constant current to the
output when it is driven by a switching voltage. For given
input and output voltage, inductance and switching fre-
quency together decide the inductor ripple current, which
is:

L= o X(l_ﬁ)
SxL Viy

The peak inductor current is:

AIL

ILpeak :IO +

High inductance gives low inductor ripple current but
requires larger size inductor to avoid saturation. Low rip-
ple current reduces inductor core losses. It also reduces
RMS current through inductor and switches, which
results in less conduction loss.

Usually, a peak to peak ripple current on the inductor is
designed to be 30% to 50% of the output current. When
selecting the inductor, make sure it is able to handle the
peak current without saturation even at the highest oper-
ating temperature.

There is a highest current RMS in the inductor in the
buck converter. The conduction loss on the inductor
needs to be checked for thermal and efficiency consider-
ation.

Surface mount inductors in different shape and styles are
available from capacitor vendors. Shielded inductors are
small and radiate less EMI noise. But they cost more
than unshielded inductors. The choice depends on the
EMI requirement, price and size.
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Output Capacitor

The output capacitor is selected based on the DC output
voltage rating, output ripple voltage specification and rip-
ple current rating.

The selected output capacitor must have a higher rated
voltage specification than the maximum desired output
voltage including ripple. De-rating needs to be consid-
ered for long term reliability.

Output ripple voltage specification is another important
factor for selecting the output capacitor. In a buck con-
verter, the output ripple voltage is determined by the
inductor value, switching frequency, output capacitor
value and ESR. It can be calculated by the equation
below:

1

AV, =Al, x(ESR o +———
o L ( Cco 8><f><C0)

Where Cq is the output capacitor value and ESR¢q is the
Equivalent Series Resistor of output capacitor.

When the low ESR ceramic capacitor is used as the out-
put capacitor, the impedance of the capacitor at the
switching frequency dominates. The output ripple is
mainly caused by the capacitor value and inductor ripple
current. The output ripple voltage calculation can be sim-
plified to:

1

AVy=Al, x ————
¢ Lx8><f><CO

If the impedance of ESR at switching frequency domi-
nates, the output ripple voltage is mainly decided by
capacitor ESR and inductor ripple current. The output rip-
ple voltage calculation can be further simplified to:

AV, = Al, x ESR,

For lower output ripple voltage across the entire operat-
ing temperature range, X5R or X7R dielectric type of
ceramic, or other low ESR tantalum are recommended to
be used as output capacitors.

In a buck converter, output capacitor current is continu-
ous. The RMS current of output capacitor is decided by
the peak to peak inductor ripple current. It can be calcu-
lated by:

ICOfRMS = ﬁ
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Usually, the ripple current rating of the output capacitor is
a smaller issue because of the low current stress. When
the buck inductor is selected to be very small and induc-
tor ripple current is high, the output capacitor could be
overstressed.

For the smart load switch, a capacitor of 0.1uF or higher
value is recommended to place between the OUT2 pins
and GND. The switching times are affected by the capac-
itance. A larger capacitor makes the initial turn-on tran-
sient smoother. In order to prevent the output voltage
droop, this capacitor must be large enough to supply a
fast transient load.

Output Voltage Regulation Performance

As well known, off-time is used to compensate power
loss in constant on-time topology. In order to avoid
switching frequency is too high and stability issue, off-
time usually has a minimum value. Therefore, regulation
performance of output voltage is limited through mini-
mum off-time, as shown in Fig.4. For an example to
explain clearly, the regulation of 4.5V to 3.3V is good
when lo<1A. If it operates with 10>1A, the output voltage
is decreased with lo is increased due to minimum off-
time limitation. Please note that the results of Fig.4 oper-
ate in force CCM condition and the results are changed
with different power loss.

DCR of Inductor=7mQ

35
3.3
3.1 —
29 &

25
\

23
2.1
1.9
17

15 T T T T T
0 0.5 1

Vo (V)

lo (A)

5V t0 3.3V
= 4.5V to 3.3V
42103.3V
= 3.6V to 3.3V
= 3V to 1.8V
3.3Vto 2.5V
3Vito 2.5V

Figure 4. Output Voltage Regulation Performance
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Thermal Considerations and Layout
Considerations

In the AOZ2140DI buck regulator circuit, high pulsing
current flows through two circuit loops. The first loop
starts from the input capacitors, to the VIN pin, to the LX
pins, to the filter inductor, to the output capacitor and
load, and then return to the input capacitor through
ground. Current flows in the first loop when the high side
switch is turned-on. The second loop starts from the
inductor, to the output capacitors and load, to the low
side switch. Current flows in the second loop when the
low side low side switch is turned-on.

In PCB layout, minimizing the two loops area reduces the
noise of this circuit and improves efficiency. A ground
plane is strongly recommended to connect input capaci-
tor, output capacitor, GND, and PGND pin of the
AOZ2140DI.

In the AOZ2140DI buck regulator circuit, the major power
dissipating components are the AOZ2140DI and the out-
put inductor. The total power dissipation of the converter
circuit can be measured by input power minus output
power.

P

total _loss

= (VINl '11N1 +V[N2 'IINz)_(Vm '101 +V02 '102)

The power dissipation of the inductor can be approxi-
mately calculated by the DCR of the inductor and the out-
put current.

2
=1, R, .11

indcutor _loss inductor

The actual junction temperature can be calculated with
the power dissipation in the AOZ2140DI and thermal
impedance from junction to ambient.

T junction = (})total _loss - Pinductoriloss) : ®JA

The maximum junction temperature of the AOZ2140DI is
150°C, which limits the maximum load current capability.

The thermal performance of the AOZ2140DI is strongly
affected by the PCB layout. Extra care should be taken
by users during the design process to ensure that the IC
will operate under the recommended environmental con-
ditions.
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Layout Considerations 4.

Several layout tips are listed below for the best electric

and thermal performance. 5.

1. The LX pins and pad are connected to internal low
side switch drain. They are low resistance thermal 6.
conduction path and most noisy switching node.
Connected a large copper plane to LX pin to help 7.
thermal dissipation.

2. The IN pins and pad are connected to internal high 8.
side switch drain. They are also low resistance ther-
mal conduction path. Connected a large copper
plane to IN pins to help thermal dissipation.

3. Input capacitors should be connected to the IN pin

and the PGND pin as close as possible to reduce the
switching spikes.

Vour1

m

IN1 IN1 EN1 ™

A0Z2140DI Alpha & Omega Semiconductor Inc. IC REG BUCK ADJ 3A/5A DL 14DFN

AO0Z2140DI

Decoupling capacitor Cy,cc should be connected to
Vcc and AGND as close as possible.

Voltage divider R1 and R2 should be placed as close
as possible to FB and AGND.

A ground plane is preferred; PGND and AGND must
be connected to the ground plane through vias.

Keep sensitive signal traces such as feedback trace
far away from the LX pins.

Pour copper plane on all unused board area and
connect it to stable DC nodes, like VIN, GND or
VOUT.

I14 — 13)
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I11|
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I12|
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0000
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0000

[$]
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@SEM\CONDUCTOR AOZZ140DI
Package Dimensions, DFN3x2A-14L, EP1_S
D1
D —I rbcsm
| 8 | I
] I I =
i : isdupugupaail
Ea)
. o | | casxoz2o ﬁ
T R S - | &
i 0 | ! 2
—
. o M h 7]
7 1
Z PIN#1 DOT L1¢4X0— |— J LJ L
BY MARKING b2(4%) - | o 14 X)
TOP VIEW SIDE VIEW BOTTOM VIEW
| T
{ i T
¢J__D_EI_EI_IJ_LEI_EI_I *
|
SIDE_VIEW
REI:GMMEN‘DED LAND PAT'I'ERN DIMENSIONS IN MILLIMETERS THMENSIONS IN INCHES
~ SYMBOLS MIN NOM MAX MIN NOM MAX
ﬁ 2,60 A 0.70 0. 75 0. 80 0.028 | 0.030 0. 031
= Al 0. 00 — 0. 05 0. 000 — 0. 002
- (1] A2 0.2 REF 0. 008 REF
[=] E I D U E E 1. 90 2.00 2.10 0.075 | 0.079 | 0.083
| N . oo El 0. 80 0.90 1.00 0.031 0.035 | 0.030
I - < D 2. 90 3. 00 3. 10 0.114 0.118 0,122
] 8 ! =22 D1 2. 40 2. 50 2. 60 0.094 | 0.098 | 0.102
a 2 I [ ————— 3 L 0.30 0. 35 0. 40 0.012 | 0.014 | 0.016
= ==
H =] L1 0.15 0.20 0.25 0. 006 0. 008 0.010
] L b 0.15 0. 20 0.25 0.006 | 0.008 | 0.010
[II D bl 0.15 0. 20 0.25 0.006 | 0.008 | 0.010
- - b2 0. 55 0. 60 0. 65 0.022 0. 024 0. 026
e 0. 40 BSC 0. 016 BSC

NOTE

0.40

J LD.ED(H){)

UNIT: mm

1. CONTROLLING DIMENSION IS MILLIMETER.

CONVERTED INCH DIMENSIONS ARE NOT NECESSARILY EXACT.
2. TOLERANCE :+0.05 UNLESS OTHERWISE SPECIFIED.
3. RADIUS ON ALL CORNER ARE 0.152 MAX., UNLESS OTHERWISE SPECIFIED.
4. PACKAGE WARPAGE: 0.012 MAX.
5. NO ANY PLASTIC FLASH ALLOWED ON THE TOP AND BOTTOM LEAD SURFACE.

6. PAD

PLANARITY: +£0.102

7. CRACK BETWEEN PLASTIC BODY AND LEAD IS NOT ALLOWED.
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SEMICONDUCTOR AOZZ140DI
Tape and Reel Dimensions, DFN3x2A-14L, EP1_S
PICDFN 3X2A 14L EP1 S PP L
Carrier Tape A—A —=| P |=— |_A
_— D0 ~— D1 !
KO —~ | @@@,@’@@/@@@@m,
1 L
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[
sl —_—
FEEDING DIRECTION
UNIT: MM
PACKAGE |  AD BO Ko Do DI E F1 e PO P1 P2 T
220 | 320 103 150 1.00 goo | 175 | 350 | 400 4.00 oo | 0e3
FIC DFN3XZ 4010 | 2010 | +010 L | o+pes | 290 | 20g0 | 2005 | +010 | +010 | #005 | 002
PIC DFN 3X2A_14L _EP1_S —] =— W1
REEL R
—~i=—S |
1 N
= [
> f
H b=
=
A
UNIT: MM
TAPE EIZE REEL SIZE M M Wl H 5 K R
2 @180 @180.0 &0.0 B4 13.0 1.3 13.5 3.0
050 | 050 | 33 | smeo | M | MmN | =050
PIC DFN 3X2A 14L EP1 S TAPE
Leader / Trailer
Pyl offe @ © & ¢fd & & & O
) )
1§ O @] O
| %) INgiga
Unit Per Reel: i .
3000pes
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Package Marking

AOZ2140DI
(DFN3x2-14)
BS 0A
Part Number Code +——— T=—— Assembly Location Code
YWLT L Option Cod
o T ption Code

Week & Year Code J L Assembly Lot Code

LEGAL DISCLAIMER

Applications or uses as critical components in life support devices or systems are not authorized. AOS does not
assume any liability arising out of such applications or uses of its products. AOS reserves the right to make
changes to product specifications without notice. It is the responsibility of the customer to evaluate suitability of the
product for their intended application. Customer shall comply with applicable legal requirements, including all
applicable export control rules, regulations and limitations.

AOS' products are provided subject to AOS' terms and conditions of sale which are set forth at:
http://www.aosmd.com/terms_and conditions of sale

LIFE SUPPORT POLICY

ALPHA AND OMEGA SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL
COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS.

As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life
systems which, (a) are intended for surgical implant into support, device, or system whose failure to perform can
the body or (b) support or sustain life, and (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can be effectiveness.
reasonably expected to result in a significant injury of
the user.
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