S/IERGY

Application Note: AN_SY8089/SY8089A

High Efficiency 5.5V, 2A continuous, 3A peak, 1MHz
Synchronous Step Down Regulator

General Description

The SY8089 and SY8089A are high-efficiency, high e
frequency synchronous step-down DC-DC regulator IC
capable of delivering up to 2A output current. The «
SY8089 and SY8089A operate over a wide input.
voltage range from 2.7V to 5.5V and integrate main,
switch and synchronous switch with very lowsRn,

to minimize the conduction loss. .
Low output voltage ripple and small external induct
and capacitor sizes are achieved with greater than
1MHz switching frequency. .
SY8089 integrates short circuit and over-voltageha
off protection.

Ordering Information )

SY8089 [1(O[O)
IE Temperature Code
Package Code

Features

Low Rpson) for internal switches
(top/bottom):110re/80m2
2.7-5.5V input voltage range
2A continuous, 3A peak-load current capability
1MHz switching frequency minimizes the external
components
Internal softstartsimits the inrush current
Reliable short'circuit protection:
O SY8089:Latch off protection
O SYB8089A: Hic-cup mode protection
Reliable.over-voltage protection:
O, SYB8089: Latch off protection
O./" SYB089A: No latch off protection
100% dropout operation
RoHS Compliant and Halogen Free
Compact package: SOT23-5

Applications

Optional Spec €ode « LCDTV
Temperature Range40°C to 85°C ¢ Set Top Box
Ordering Number | Package type  Note * N?t.PC
SY8089AAC SOT.23-5 * Mini-Notebook PC
SY8089AAAC SOT23-5 » Access Point Router
Typical Applications
Efficiency vs. Load Current
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Pinout (top view)

EN[1 5] FB
GND [ 2 |
LX[3 (4] N
SOT23-5
Part Number Package type Top Marl®
SYB089AAC SOT23-5 IXxyz
SY8089AAAC SOT23-5 KV xyz
Note@: x=year code, y=week code,'z= |atnumber code
Pin Name Pin Number Pin Description
EN 1 Enable control. Pull_high'to turn on. Do riogf.
GND 2 Ground pin.
LX 3 Inductor pin,_Connect this pin to the switchinode of inductor.
IN 4 Input pin. Decouple this pin to GND pin withlaast 10uF ceramic cap.
FB 5 Output Reedback Pin. Connect this pin to #ger point of the output
resistof divider (as shown in Figure 1) to progtém output voltage:
Vout=0.6*(1+R/R,).

Absolute Maximum.Ratings ote 1)

-0.3V to 6.0V

Supply Input Voltage

Enable, FB Voltage
Power Dissipations&@-Ja = 25°C,

-0.3V to Mn + 0.6V

SOT23-5 0.6W
Package Thermal Resistance (Note 2)

0 Ja 170°C/W

0lc 130°C/W
Junction Temperature Range -40°C to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range

-65°C to 150°C

Recommended Operating Conditiongote 3)

2.7V t0 5.5V

Supply Input Voltage

Junction Temperature Range
Ambient Temperature Range

-40°Cto 125°C
-40°C to 85°C
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Block Diagram
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Electrical Characteristics

(ViIN=5V, VouTt= 2.5V, L =2.2uH, Gut=22uF, | = 25°C, unless otherwise specified)

it

Parameter Symbol Test Conditions Min Tyq Max  Un
Input Voltage Range N 2.7 5.5 \%
Quiescent Current ol IOUT=0, 55 HA
VFB=VREFL105%
Shutdown Current shon EN=0 071 1 HA
Feedback Reference Voltage REV 0.5881°0.6 0.612| V
FB Input Current ds VFB=VIN -50 50 nA
PFET RON Rson.p 110 n§
NFET RON Rson.n 80 119
PFET Current Limit i 3.5 A
EN rising threshold YH 1.5 \Y
EN falling threshold YL 0.4 \Y
Input UVLO threshold VLo 2.5 \Y
UVLO hysteresis VMys 0.2 \Y
Oscillator Frequency d&=c IOUT=500mA 1 MHz
Short Circuit Protection Latch Off | Vgep 0.25 \Y
Threshold
Min ON Time 75 ns
Max Duty Cycle 100 %
Soft Start Time I 1.2 ms
Output Discharge Switch On Rofsel 50 Q
Resistance
Thermal Shutdown Temperature spl 160 °C

Note 1 Stresses beyond.thie “Absolute Maximum Ratingsy nause permanent damage to the device. These are
stress ratings only. Furictional operation of thaakeat these or any other conditions beyond thudieated in the
operational sections of.the specification is nqblied. Exposure to absolute maximum rating condgiéor
extended periods may affect device reliability.

Note 2 Test«congdition: Device mounted on 2" x 2" FR-4 sulte PCB, 20z copper, with minimum recommended

pad on_top layer and thermal vias to bottom layeugd plane.

Note 3 The device is not guaranteed to function outggleperating conditions.
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Typical Performance Characteristics

Efficiency vs. Load Current Efficiency vs. Load Current
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Load Transient Short Circuit Protection
(Vin=5.0V, Vour=1.8V,lL0ap=0.2-2.0A) (Vin=5.0V, Vour=1.8V,lL.oap=0A-Short)
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Operation Principle Vour
SY8089 is a synchronous buck regulator IC that R
integrates the PWM control, top and bottom switches FB

on the same die to minimize the switching transitio GND Ra

loss and conduction loss. With ultra lowsdyn) power
switches and proprietary PWM control, this regulato
IC can achieve the highest efficiency and the héghe Input capacitor Cin:

switch frequency simultaneously to minimize the This ripple current through inputicapacitor is ciédted
external inductor and capacitor size, and thusear as:

the minimum solution footprint. | = % /D(l D)
CIN_RMS™ ' ouUT p

Short Circuit Protection . ) .
(SY8089 After the soft start is over, if the output 1Nis formula has aimaximum af\#¢2Vour condition,

voltage falls below 40% of the regulation level, W@l ~ WNere b rus=loyy/2. This simple worst-case

turn off both power switches, entering short circui condition is comnionly used for DC/DC design.

protection. It will remain in this state until thid or EN ) ) )
voltage is recycled. With the \maximum load current at 2.0A. A typical

X5R.or better grade ceramic capacitor with 6.3\ihigat

(SY8089A) The frequency is folded back to about 30% and-more than 1 pcs @2 capacitor can handle this
of the nominal frequency and the current limitaled ~fpPie current well. To minimize the potential n®is
back to 3.0A to prevent the inductor current frem(BFOblem, ceramic capacitor should really be placed
runaway and to reduce the power dissipation ofihe~ close to the IN and GND pins. Care should be taken
under short circuit conditions. minimize the loop area formed by CIN, and IN/GND
Over-voltage Protection pins

If the output voltage exceeds 120% of the” regutatio )

level for more than 26, IC will turn off Both power ~ Qutput capacitor Cour:

switches and turn on the dischargé, Switch, entering! "€ output capacitor is selected to handle theuutp

over-voltage protection. It will remain‘in this stauntil  1IPPIe noise requirements. Both steady state rippie
IN or EN voltage is recycled. transient requirements must be taken into condidera

when selecting this capacitor. For the best peréore,
it is recommended to use X5R or better grade cerami

Applications Information capacitor with 6.3V rating and greater thanuR?2
Because of the high.integration in the SY8089 &, t capacitance.

application circuit based on this regulator IC asher
simple. Only input capacitor,§ output capacitor &, Output inductor L:

output inducter b and feedback resistors (R1 an)l R2 There are several considerations in choosing this
need to he\ selected for the targeted applicationsnductor.

specifieations. 1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the eppl
Feedback resistor dividers R1 and R2 current to be about 40% of the maximum output
Ghoose R1 and R2 to program the proper output current. The inductance is calculated as:
voltage. To minimize the power consumption under
light loads, it is desirable to choose large resise Vo (1= Vo IV )
values for both R1 and R2. A value of between Itk a L =—09u OUT” "IN, MAX
1M is highly recommended for both resistors. If You Fow X lour max X 40%
is 1.8V, R1=100k is chosen, then R2 can be caledlat
to be 50k.: where Fsw is the switching frequency ar@grivax is
0.6V the maximum load current.
sz 1( )- The SY8089 regulator IC is quite tolerant of diéfet

ripple current amplitude. Consequently, the firtadice
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of inductance can be slightly off the calculaticalue Layout Design:

without significantly impacting the performance. The layout design of SY8089 regulator is relatively

2) The saturation current rating of the inductor must simple. For the best efficiency and minimum noise
be selected to be greater than the peak inductoproblems, we should place the following components
current under full load conditions. closetothe IC: fg, L, R and R.

Vour(1-VoudV iy vax) 1) It is desirable to maximize the PCB copper area
L connecting to GND pin to achieve the best thermdl a

noise performance. If the ¢board space allowed, a

ground plane is highly desirable.

2) Gy must be close to«Pins IN and GND. The loop

area formed by fgand«GND must be minimized.

Isat, min > louT, max +

3) The DCR of the inductor and the core loss at the
switching frequency must be low enough to
achieve the desired efficiency requirement. It is
desirable to choose an inductor with DCR<%Dm

to achieve a good overall efficiency. 3) The PCB copper, area associated with LX pin must

be minimized to avoid the potential noise problem.

Enable Operation

Pulling the EN pin low (<0.4V) will shut down the
device. During shut down mode, the SY8089 shutdown
current drops to lower than 0.1uA. Driving the EN p
high (>1.5V) will turn on the IC again.

4) The¢camponentsRR,, and the trace connecting to
the RB pip must NOT be adjacent to the LX net an th
PCB, layout to avoid the noise problem.

B)If the system chip interfacing with the EN piasha
high impedance state at shutdown mode and theriN pi
is connected directly to a power source such aiom L
I’battery, it is desirable to add a pull down @Mesistor
between the EN and GND pins to prevent the noise
from falsely turning on the regulator at shutdowode.

Load Transient Considerations:

The SYB8089 regulator IC integrates the compénsatio
components to achieve good stability and fast'teas
responses. In some applications, adding‘a 22pkniera
cap in parallel with R1 may further speéed up thedlo
transient responses and is thus “teeommended for
applications with large load transient'step requists.

o Via,

- Bottom Layer
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SOT23-5 Package outline & PCB layout design
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Notes: All dimensions are in millimeters.
All dimensions don’t include mold flash &metal burr.
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Taping & Reel Specification
1. Taping orientation
SOT23-5
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2. Carrier Tape & Reel specification forpackages

e <« Reel
I Width
Reel L
Size ]
Tape . .
Rackage . Pocket Reel size Reel Trailer Leader length | Qty per
width . .
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
SOT23-5 8 4 7" 8.4 280 160 3000
3. Others: NA
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