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3.5A Synchronous buck Converter

< GENERAL DESCRIPTION

AX3121 consists of step-down switching regulator with synchronous PWM converter.
These devise include a reference voltage source, oscillation circuit, error amplifier, internal
PMOS and NMOS etc.

AX3121 provides low-ripple power, high efficiency, and excellent transient
characteristics. The PWM control circuit is able to the duty ratio linearly form 0 up to 100%.
This converter also contains an error amplifier circuit as well as an enable/soft-start circuit
that prevents overshoot at startup. An enable function, an over current protect function and
short circuit protect function are built inside, and when OCP or SCP happens, the operation
frequency will be reduced. Also, an external compensation is easily to system stable.

With the addition of internal PMOS and NMOS, a coil and capacitors externally, these
ICs can function as step-down switching regulators. They serve as ideal power supply units
for portable devices when coupled with the SOP-8L-EP package, providing such
outstanding features as low current consumption. Since this converter can accommodate
an input voltage up to 23V.

< FEATURES
- Input voltage : 4.5V to 23V
- Output voltage : Vrs to Vce
- Duty ratio : 0% to 100% PWM control
- Oscillation frequency : 250KHz typ.
- Enable/Soft-Start and Current Limit (CL).
- Thermal Shutdown function.
- Short Circuit Protect (SCP).
- Built-in internal SW P-channel and N-channel MOS.
- SOP-8L with Exposed Pad Pb-Free package.
- RoHS and Halogen free compliance.
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< BLOCK DIAGRAM

EN/SS PVce
[ (]
SVee H] & ® T
6UA ﬁL
3.5V - %
Soft-Start L VA CLM
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FB[ PWM. Switched
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SGND D_i Oscillation | | Thermal ] PGND
Circuit Shutdown
= s =
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% PIN ASSIGNMENT
The package of AX3121 is SOP-8L-EP; the pin assignment is given by:
Name Description
( Top View ) FB | Feedback pin
EN/SS ON/OFF Shutdown and Soft-start
EN/SS[1 | ==~ 1 [ 8 ]compP pin
| | . .
SGND [Z] i Exposedi [ 7]FB COMP | Compensation pin
' pad ! PVcc | Driver power supply pin
SV 3 ! ! | 6 ] PGND
el s i GW) o SVcc | IC power supply pin
Pvec (4] ! __ __ . [[BE]sw sy | Switch pin. Connect external
inductor here.
SOP-8L-EP PGND | Power ground pin
SGND | Signal ground pin
< ORDER/MARKING INFORMATION
Order Information Top Marking (SOP-8L-EP)
Logo<«— art number
AX3121 XX X AR i e
_\_—> WW : 01~52
) Year : 18=2018
Package Type Packing 12%:_22%12%
ES: SOP-gL-EP ~ Blank: Tube 212021
A : Taping 2222022
45=2045
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< ABSOLUTE MAXIMUM RATINGS (at TA=25°C)

Characteristics Symbol Rating Unit
SVCC,PVCC Pin Voltage Vec | Vss-03toVss+24 | V
Feedback Pin Voltage Ves Vss-0.3t0 Ve v
EN/SS Pin Voltage Veniss Vss-0.3t05 v
COMP Pin Voltage Veomp Vss-0.3t05 v
Switch Pin Voltage Vsw | Vss-0.3toVec+0.3 | V
Power Dissipation PD Internally limited mW
Storage Temperature Range Tst -40 to +165 °C
Junction Temperature Range Ty -40 to +150 °C
Operating Supply Voltage Vor 451023 \Y
Thermal Resistance from Junction to case Buc SOP-8L-EP=15, °C/W
Thermal Resistance from Junction to ambient 0.a SOP-8L-EP=40, °C/W

Note: 64a is measured with the PCB copper area(need connect to Exposed pad) of approximately 1 in2(Multi-layer).

< ELECTRICAL CHARACTERISTICS
(Vin =12V, Vour=3.3V, Ta=25°C, unless otherwise specified)

Characteristics Symbol Conditions Min | Typ | Max |Units
Feedback Voltage Vs lour=0.1A 0.605|0.620/0.635| V
Feedback Bias Current [} lour=0.1A - [01]05] uA
Quiescent Current leca X&Bﬂ 2V force driver | g | g | ma
Shutdown Supply Current Isp Ven =0V - | 45| 80 | uA
Switch Current Limit |sw-Lim 40 | - - A

Vin = 4.5V~23V, - 10.02] 0.1
Line Regulation A Vout/Vour " %
lour=0.2A
Load Regulation A Vout/Nour|lout = 0.1A to 3.5A - 103107 | %
Oscillation Frequency Fosc  |SW pin 200 | 250 | 300 | KHz
Short Oscillation Frequency Fosc1  |Vre<0.4V - |40 | - |KHz
Tor Rising - |50 | -
Dead Time : nS
Tor Falling - 150 | -
EN/SS  shutdown threshold Ve |regulator OFF ) Cloal v
voltage
EN/SS current lenss  |VENiss=0V - 6 | 12 | UA
ViN=5V, Ves=0V - 90 | 150
Internal PMOS Ropson Ros(on)-p V=12V, Vea=0V 50 1120 mQ
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- | 75 140

Internal NMOS Rpson  (Note1) |  Rosonn 25 120 mQ
Thermal Shutdown Tsp - (150 - | °C
Thermal Shutdown Hysteresis TsH - (3] - |°C
Note1: Guaranteed by design.
< APPLICATION CIRCUIT
1. Using Aluminum Electrolytic Capacitor (AL)
Vin=4.5~20V Vour = 3.3V/3.5A

L1
5 1L Annn2

PVce Sw \ 4 \ 4
33uH
Svee FB |-
R2 -—c3
13K
EN/Ss  PGND |-&
cs Lca

SGND COMP | 8 > a70uF

470uF 0.1uF

=
0.1uF
c7 AX3121ES
0.1uF R4 R5
4.7nF 3K
c9

)
Veg = 0.62V ; R5 suggest 3K ~ 6.8k

Vour =V, 1+ R2
out = Vs X ( R5

Cout ESR Range Vi Vour R4(Q) C9 C3
30m~80mQ FEV-20V | 125V | 12K | 10n 1000p
3 45V=20V | 12~1.8V | 240 | 10n 220
80m~300mQ 45V-20V | 20~V | 240 | 10n | 180p~270p

2. Using Multilayer Ceramic Capacitor (MLCC)

Vin=4.5~20V Vour = 3.3V/3.5A

L1

PVce S

SVce FB
1 c 8
c1 c2 EN/SS OMP _I-W_| ca
0.1uF 2{seND  PGND| 6 T 22uF*2
10uF+2 o s 4K7 1000p 0.1uF | *Y
AX3121
47nF | 0.1uF R5
3K

Vour =V, 1+ R1
out = Vs X ( R5

)
Veg = 0.62V ; R5 suggest 3K ~ 6.8k

Vin Vour R4 C8 C3

4 5V~20V 2.0V~5V K7 1000p 1000p
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» FUNCTION DESCRIPTIONS
PWM Control

The AX3121 consists of DC/DC converters that employ a synchronous pulse-width
modulation (PWM) system. In converters of the AX3121, the pulse width varies in a range
from 0 to 100%, according to the load current. The ripple voltage produced by the switching
can easily be removed through a filter because the switching frequency remains constant.
Therefore, these converters provide a low-ripple power over broad ranges of input voltage
and load current.

Setting the Output Voltage

Application circuit item shows the basic application circuit with adjustable output
version. The external resistor sets the output voltage according to the following equation:

R2
VOUT = 062\/ X(l-i' R—SJ

Table 1 Resistor select for output voltage setting

Vour R5 R2
5.0V 4.7K 33K
3.3V 3K 13K
2.5V 3.3K 10K
1.8V 6.8K 13K
1.5V 3.3K 4.7K
1.184V 3.3K 3.0K
1.0V 3.3K 2.0K

CompP

Compensation pin. For EL output capacitor application, the COMP pin connects R4
and C9 to GND for all condition and for MLCC output capacitor application, the COMP
connects R4 and C8 to FB, please refer the application circuit table.
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EN/SS

This pin can be supplied shutdown or soft start function. It is inside pull high function.

For normal application, the pin must be connected a capacitor to ground. There is a 6uA

current to charge this capacitor, vary the different capacitor value to control soft start time.

Allow the switching regulator circuit to be shutdown pulling this pin below a 0.4V threshold

voltage; the shutdown supply current is approximately 45uA.
The soft-start time can be calculated by below formula, please refer the formula to

design.

/

T

dT2

q dTl B

Calculate Start-up Delay Time (dT1)
=> dT1=C6 x dV1 +lenssst

Where:

leniss1=6UA

C6=10nF~1000nF

dV1=0.76V (EN/SS Vi)

\ 1.25V (D=100%)

Internal OSC _D

250KHz Typ.

/ VEN’/SS

\/COMF

V2

0.25V (D=0%)

IEN/SS2 vs. Duty

IEN/SS2 (UA)

0 10 20 30 40 50 60 70 80 90 100

Duty (%)

Calculate Soft Start Time (dT2)

dT2=C6 x dV2 + leniss2

Where:

dV2=(1.25-0.25)xDuty= Vout/Vin (V)

lenss2 = 5.64-(5.64-3.03)xdV2+(1.25-0.25)
=5.64-2.61xVout/Vin (UA)

s Duty (%) = Vour/Vin x 100
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Example :
@ C6=100nF, VIN=12V, VOUT=2.5V, IOUT=1A, EN-ON

dT1=C6 x dV1 + lenisst = 100n x 0.76 + 6u = 12.67mS
dT2=C6 x dV2 + lenss2 = 100n x 0.208 + 5.1u = 4.08mS

Inductor Selection

For most designs, the inductor is suggested 22uH to 33uH. Please refer the below
table to design.

L1 recommend value (Vin=12V ,lout=3.5A)

Vour 1.2V 1.8V 2.5V 3.3V 5V

L1 Value 22uH 22H 22uH 33uH 33uH

Where is inductor Ripple Current. Large value inductors lower ripple current and small
value inductors result in high ripple currents. Choose inductor ripple current approximately
15% of the maximum load current 3.5A, Al.=0.52A. The DC current rating of the inductor
should be at least equal to the maximum load current plus half the ripple current to prevent
core saturation (3.5A+0.26A).

Input Capacitor Selection

The input capacitor reduces the surge current drawn from the input and switching
noise from the device. The input capacitor impedance at the switching frequency shall be
less than input source impedance to prevent high frequency switching current passing to
the input. A low ESR input capacitor sized for maximum RMS current must be used.

The capacitor voltage rating should be at least 1.5 times greater than the input
voltage, and often much higher voltage ratings are needed to satisfy.

Output Capacitor Selection

The output capacitor is required to keep the output voltage ripple small and to ensure
regulation loop stability. The output capacitor must have low impedance at the switching
frequency. A low ESR capacitor sized for maximum RMS current must be used. The low
ESR requirements needed for low output ripple voltage.

The capacitor voltage rating should be at least 1.5 times greater than the input
voltage, and often much higher voltage ratings are needed to satisfy.
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Layout Guidance (please refer layout picture)

When laying out the PC board, the following suggestions should be taken to ensure

proper operation of the AX3121. These items are also illustrated graphically in below.

1. The power traces, including the source trace, the output trace and the inductor trace
should be kept short, direct and wide to allow large current flow.

2. The power ground is keep input capacitor’s (C4) ground closed and far away signal
ground.
The C7 bypass capacitor must be closed to SVCC and SGND pin.

4. The exposed pad is connecting to SW trace closely and widely. (Reduce IC
temperature)

5. Do not trace signal line under inductor.

Wide heat sink area

Power Power Trace, should
keep short, direct and
wide

Ground Rz

Bypass Capacitor, it must be Power ground is connect to input capacitor's
closed to SVCC and SGND pin ground closely and widely

(AX3121 SOP-8L-EP PCB Layout -Top View)
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% TYPICAL CHARACTERISTICS
VIN vs Feedback Voltage VIN vs Shutdown Current
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% TYPICAL CHARACTERISTICS (CONTINUES)
Efficiency Test (VIN=5V) Efficiency Test (VIN=12V)
100 | 100
VOUT=3.3V 90 % VouT=3.0v
:8 ———— [ ———— vour=asv % I g(ﬁ%ég
Il —— el | A= e
260 260 HHA
Z /4
250 250
540 £ 40
30 30
20 20
10 10
0 0
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5
Load (A) Load (A)
Power-ON Wave Enable-ON Wave
(Vw=12V, Vour=25V, Load=3.5A, CB=0.1uF)  (Vin=12V, Vour=2.5V, Load=3.5A, C6=0.1uF)
Bistop | b | Tekstop | | g )
v o : .8 ey . . v @ 3aav
SR | P W RS SO A PN MO Ol 1 VIN -
“ vour
5D s i ol ok s s seoin sioted siuten Duse
ﬁ A T . T YU N N S D vour
!}(: » : : : YEN e <l s e s S
/ g :
T D I S SURE . / .................. i
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46?1?%@2\ 700 SM20.0ms ;A\ Ch; 7500V '\ 550V Mho.omsﬁ EA| chéz 7issY
i€ 2.00V &Ch4] 2.00AQ | Ch3[ 1.00V Bucha\ 2.00AQ |
W21.20% ii++[500.000s |
Load Transient
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<+ PACKAGE OUTLINES
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Symbol Dimensions in Millimeters Dimensions in Inches
Min. Nom. Max. Min. Nom. Max.

A - - 1.75 - 0.069
A1 0 - 0.15 0 0.06
A2 1.25 - - 0.049 - -
C 0.1 0.2 0.25 0.0075 0.008 0.01
D 4.7 4.9 5.1 0.185 0.193 0.2
E 3.7 3.9 4.1 0.146 0.154 0.161
H 5.8 6 6.2 0.228 0.236 0.244
L 04 - 1.27 0.015 - 0.05
b 0.31 0.41 0.51 0.012 0.016 0.02
e 1.27 BSC 0.050 BSC
y - 0.1 - 0.004
X 2.34 - 0.092 -
Y - 2.34 - - 0.092 -
0 00 - 80 00 - 80

Mold flash shall not exceed 0.25mm per side

JEDEC outline: MS-012 BA
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+ Carrier tape dimension
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Notes:
ODm- 5% 1. 10 sprocket hole pitch cumulative tolerance + 0.2mm
Bo= 530 2. Camber not to exceed Tmm in 100mm.
ko= 2i0 3. Material: Anti—Static Black Advantek Polystyrene.
K= 11 4. Ao and Bo measured on a plane 0.3mm above

the bottom of the pocket.

5. Ko measured from a plane on the inside bottom of
the pocket to the top surface of the carrier.

6. Pocket position relative to sprocket hole measured
as true position of pocket, not pocket hole.
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