Application Note: SY8088I

High Efficiency, 1.5MHz, 1A
Synchronous Step Down Regulator

S/IERGY Preliminary Specification

General Description Features

SY8088I is a high efficiency 1.5MHz synchronougpste 2.5V to 5.5V Input Voltage Range
down DC/DC regulator capable of delivering up to 1A« 50uA Low Quiescent Current

output current. It can operate over a wide inputage +  Low Ros(on for Internal Switches (Top/ m)
range from 2.5V to 5.5V and integrates main switch 270n1 /160N Q
and synchronous switch with very lowpdoy) t0 +  High Switching Frequency 1.5MHK@himizes
minimize the conduction loss. the External Components
The low output voltage ripple, the small external *  Intérnal Soft-start Limits the Current
inductor and the capacitor sizes are achieved with *  100% Dropout Operation
1.5MHz switching frequency. * Reliable Short Circui @ tion
. RoHS Compliant al alogen Free
i i e Output Auto Discharge Function
Ordering Information . Compact Pa (ﬁ@: SOT23.5
sys088(O0 )
L Temperature Code . Q%
Package Code App“Cag
Optional Spec Code
: « S %p Box
Ordering Number | Package type  Note . Dongle
SY8088IAAC SOT23-5 - A Media Player

Smart phone

o

Typical Applications 'Q&
)
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Figurel. Schematic Diagram
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Pinout (Top View)

EN[1] [ 5 |FB
GND [ 2]

LX [3] (4] 1IN C:Q
xZ

(SOT23-5)
00

Top Mark: bP xyz (device code: bFx=year code, y=week code, z= lot number code)

N
Pin Name| Pin Number Pin Description O
EN 1 Enable control. Pull high to turn on. Do resve it float?@g.
GND 2 Ground pin.
LX 3 Inductor pin. Connect this pin to the switoglg?@ of the inductor.
IN 4 Input pin. Decouple this pin to the GNWIWB’[ least a 10 F ceramic capacitor
FB 5 Output feedback pin. Connect this pin to the ceptént of the output resistor dividgr
(as shown in Figure 1) to program utput vatag1=0.6%(1+Ry/R,).
Block Diagram . &
\ IN
L g
Current
Internal Input Sense [
Power UVLO
[ —1
> -
—[>—|.’:
-
ot i
'_
% .ﬂ/ »| Control I: |
’g% FB Logic GND
Soft ¢ Thermal
Start > Detect

Figure2. Block Diagram
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Absolute Maximum Ratingsote 1)
Supply Input Voltage

6.0V

EN, FB Voltage ViNn+ 0.6V

LX Voltage -0.3VY to 6.0V?

Power Dissipation, P@ Ta = 25°C ---------mmmmmmmmmmeee- -——- -- 0.77W
Package Thermal Resistance (Note 2)

0 1a l@%fw

0 s °CIW

Junction Temperature Range

Lead Temperature (Soldering, 10 sec.)

<4
-@to 150°C
260°C

Storage Temperature Range

D X voltage tested down to -3V<40ns
2 X voltage tested up to +7V<40ns

Recommended Operating Conditiongote 3)
Supply Input Voltage

\g’5°C to 150°C
<¢°

&

2.5V to 5.5V

Junction Temperature Range
Ambient Temperature Range

-40°C to 125°C

-40°C to 85°C
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Electrical Characteristics
(Vin =5V, Vour = 1.8V, L = 2.21H, Coyr = 1QuF, Tp = 25°C, unless otherwise specified)

Parameter Symbol | Test Conditions Min | Typ | Max | Unit
Input Voltage Range N 2.5 5.5 \%
Input UVLO Threshold Vvio 245 V
Input UVLO Hysteresis Wys 150 mVv
Quiescent Current ol Ves=Vrerx105% 50 70 LA
Shutdown Current shon Ven=0VvV 0.1 1 MA
Feedback Reference Voltage reY lour=0.5A, CCM 591| 600 | 609" mV
LX Node Discharge Resistance | piR 50 Q
Top FET Ry Ros(on: "W mQ
Bottom FET Ry Ros(on)2 /470 mQ
EN Input Voltage High ¥ 12 Y
EN Input Voltage Low '8 0.4 \Y
Min ON Time bNMIN 60 ns
Maximum Duty Cycle [hax 100 %
Turn On Delay dnory | from EN high to LX start switghing 300 s
Soft-start Time de 700 us
Switching Frequency = lour=0.5A, CCM 1.5 MHz
Top FET Current Limit vt TOP 1.5 2.5 A
Thermal Shutdown Temperaturg spl 160 °C
Thermal Shutdown Hysteresis avE 20 °C

Note 1 Stresses beyond the “Absolute Maximum R\Qgsy weEuse permanent damage to the device. These are
stress ratings only. Functional operation of theicke érese or any other conditions beyond tldieated in the
operational sections of the specification is nopligd. Exposure to absolute maximum rating condgidor
extended periods may affect device reliabilit

Note 2 0,4 of SY8088I is measured i -t% tural convectiofa= 25°C on a 20Z two-layer Silergy evaluation
board. Pin 3 is the case position @cj&mg; rement.

O

Note 3: The device is not guar@@ to function outdisleperating conditions.
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Typical Performance Characteristics

Efficiency vs. Output Current
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Shutdown from Enable
(Vin=5V, Vour=1.8V, lour=1A)

5V/div

2V/div

5V/div

Time (800us/div)

Load Transient
(Vin=5V, Vour=1.8V, lour=0.1A to 1A)

AVour 50mV/div

IL 1A/div

Time (200ps/div)

Short Circuit Protection
(Vin=5V, Vour=1t6¢ur=1A to short to 1A)

U

[

1V/div

Time (2ms/div)

Q& Vour | 1Vidiv §
h

Load Transient
(Vin=5V, Vour=1.8V, loyr=0A to 0.5A)

u

AVour 50mV/div me

I 500mA/div

Time@Ops/div)
S%rt Circuit Protection
A\é(/

, Vour=1.8V, loyr=0A to short to 0A)

I 1A/div

Time (2ms/div)
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Operation

SY8088I is a high efficiency 1.5MHz synchronous
step down DC/DC regulator capable of delivering up
to 1A output current. It can operate over a widauin
voltage range from 2.5V to 5.5V and integrates main
switch and synchronous switch with very lowsion

to minimize the conduction loss.

The low output voltage ripple, the small external
inductor and the capacitor sizes are achieved with
1.5MHz switching frequency.

Applications Information

Because of the high integration in the SY8088I, the
application circuit based on this regulator is eath
simple. Only input capacitor  output capacitor
Cou, output inductor L, feedback resistors,(Bnd
R.) and feed forward capacitof @eed to be selected
for the targeted applications specifications.

Feedback Resistor Dividers R and R.:

Choose R and R to program the proper output
voltage. To minimize the power consumption under
light loads, it is desirable to choose large resise

100k2 and 1M is highly recommended for both
resistors. If R=100k2 is chosen, then Rcan %

calculated to be: 0
Ru = (Vour —0.6V)xRL @
&

0.6V
A typical X5R or better grade r@ic capacitorhwit
6.3V rating and no less th MF capacitance is
recommended. To minimize the potential noise
problem, we place this c@ﬂic capacitor reall\selo
to the IN and GND 1%” are should be taken to
minimize the loop-aréa formed byyCand IN/GND
pins.

Input Capacitor Cin:

Output Capagtitor Court:

The outpu%Ef@acitor is selected to handle theututp
ripploexn? requirements. Both steady state ripple
a sient requirements must be taken into
cgfgeration when selecting this capacitor. Fer th
best performance, it is recommended to use X5R or

better grade ceramic capacitor with 6.3V rating and
no less than 10uF capacitance.

Output Inductor L:
There are several considerations in choosing this
inductor.

1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the @ppl
current to be about 40% of the maximum output
current. The inductance is calculated as:

L= Vout(1—VourV inmax)

FswX | o1 max X 40%
Where Ky is the switching frequency anguk: is
the maximum load current. %
The SY8088I regulator IC is quite rant of
different ripple current amplitude. C quenthe t
final choice of inductance can ightly off the
calculation value without signifi& impactinget
performance.
2) The saturation curre r@g of the inductor must

be selected to be greater than the peak inductor
current under full lead conditions.

Isat, min > lour, ng our(1-VourV w wax)
2FswllL

3) The DCR@e inductor and the core loss at the
switching ency must be low enough to achieve
the desi@ efficiency requirement. It is desiratale
chooa%n inductor with DCR<5@nto achieve a
go rall efficiency.

%hort Circuit Protection:

values for both R and R. A value of between A\

SY8088I integrates hic-cup mode hard short
protection function. If output voltage is below 5@o
the regulation voltage, the internal soft-start eaad
the error amplifier output will be reset immedistel
IC works in hic-cup protection mode. The hiccup
frequency is about 300Hz, and the hic-cup duty is
about 45%. If the hard short condition is remoJéd,
will go back to normal operation.

Load Transient Considerations:

The SYB8088I regulator integrates the compensation
components to achieve good stability and fast
transient responses. In some applications, adding a
ceramic capacitor (feed-forward capacitory) Gn
parallel with R, may further speed up the load
transient responses and is thus recommended for
applications with large load transient step
requirements. Typically, for 1.2V/1.8V/3.3V outpthe

Ru, R., Gt is recommended as below:

Tablel. Recommended Component Selection

Vour Ry R Gy

1.2V 49.9k 49.9k 22pF
1.8V 100k 49.9k 22pF
3.3V 100k 22.1k 22pF

AN_SY8088! Rev. 0.1
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Layout Design:

The layout design of SY8088I regulator is relatvel
simple. For the best efficiency and minimum noise
problems, we should place the following components
closetothe IC: @, L, Ry and R.

1

2)

It is desirable to maximize the PCB copper area
connecting to GND pin to achieve the best
thermal and noise performance. If the board
space allowed, a ground plane is highly
recommended.

Cin must be close to pins IN and GND. The loop
area formed by f and GND must be
minimized.

o Via

- Bottom Layer

3)

4)

5)

The PCB copper area associated with LX pin
must be minimized to avoid the potential noise
problem.

The components R and R, and the trace
connecting to the FB pin must NOT be adjacent
to the LX net on the PCB layout to avoid the

noise problem.
o

If the system chip interfacing wi @He EN pin
has a high impedance state utdown mode
and the IN pin is connecte ctly to a power

source such as a Li-lon ry, it is desirable to
add a pull down 1, resistor between the EN

and GND pins to p«% the noise from falsely
turning on the regulater at shutdown mode.

S
b&

Figure3. PCB Layout Suggestion

AN_SY8088l
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SOT23-5 Package Outline & PCB Layout Design

~— 2.80-3.10 —————— =
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"\& 0.55 -
X o
. e}@o
&
ar= - .
@& 1.0TYP Recgﬁfn::nded Pad Layout

o\\
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
|—1 E51,85 |-—3.:~.-'4.1—- | /—4 A5/1,55
|\] Hﬁ\ |"f‘%\‘| ﬁ{ () |’f|
J . ) R R R .
1 2.07/3.37— |
s | O_0O|l 0 00 o0 oo _of&
L] L] L] L] L] E:'}
OUoo||goo||\ooo (jooo|jjgod |l §
_ 1,201 B0+
—=—3 3004, 0=
Feeding direction ———» &6
Lo
&
2. Carrier Tape & Reel specification fm/%ackages
O
Y
%kage Tape width Pocket Reel size Trailer Leader length Qty per
type (mm) pitch(mm) (Inch) length(mm) (mm) reel
SOT23-5 8 4 7" 280 160 3000

3. Others: NA
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