Applications Note: AN_SY8008A/B/C

High Efficiency 1.5MHz, 0.6A/1A/1.2A
Synchronous Step Down Regulator

S/IERGY

General Description

The SY8008A, SY8008B and SY8008C are high-
efficiency 1.5MHz synchronous step-down DC-DC
regulator ICs capable of delivering up to 1.2A autp
currents. The SY8008 family operate over a wideiinp
voltage range from 2.5V 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 1.5MHz ®
switching frequency. This along with small SOT- :
23/TSOT-23 footprint provides small PCB area *
application.

Ordering Information
sys0081(O00)O

u Temperature Code *

Package Code :
Optional Spec Code

Temperature Range40°C to 85°C
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Features

Low Rps(on for internal switches (top/bottom)
0 SY8008A: 300m2 /250mQ, 0.6A
0 SY8008B: 2502 /200mQ, 1A
0 SY8008C: 200n2 /150mQ, 1.2A @
2.5-5.5V input voltage range
1.5MHz switching frequency min @he
external components Q
Internal softstart limits the inr urrent
100% dropout operation é

Compact package: S -5/ TSOT23-5 pin

$

RoHS Compliant and %alo&n Free

hone

Por é%avigation Device
aft

Dongle

Ordering Number Package type Note
SY8008AAAC SOT23-5 0'%§
SY8008BAAC SOT23-5 1k
SY8008CAAC SOT23-5 w
SY8008AACC TSOT23-5 6A
SY8008BACC TSOT23%5 1A
EN
Typical Applicatio
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Figure 1. Schematic Diagram

Figure 2. Efficiency vs Load Curren(SY8008B)
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Pinout (top view)
EN | 1 [ 5] FB
GND | 2
x [ 3 [+ ] @
(SOT23-5, TSOT23-5) ‘b‘
Part Number Package type Top Mark® q
SY8008AAAC SOT23-5 Akyz »(,
SY8008BAAC SOT23-5 ARyz O
SYB008CAAC SOT23-5 AQyz
SYB008AACC TSOT23-5 Blyz
SY8008BACC TSOT23-5 B@/z
Note@: x=year code, y=week code, z= lot number code.
Pin Name Pin Numbe Pin Description
EN 1 Enable control. Pull high to turn on .
GND 2 Ground pin.
LX 3 Inductor pin. Connect this pin to the switchinode of the inductor.
IN 4 Input pin. Decouple this pin to,the GND pinthvat least 1uF ceramic
capacitor. ¢ Pb
FB 5 Output Feedback Pin.)@)rnect this pin to #r@er point of the output resisto
divider (as shown insFigure 1) to program the otitmitage:
Vout=0.6*(1+ F@; dd optional {10pF~47pF) to speed up the transien
response.

Absolute Maximum F@ingS(Note 1)

Supply Input Voltage
Enable, FB Voltage

Package Thermal R i@

SOT23-5,
SOT23-

Junction Tempe
Lead Tem n@
Storage rature Range

6.0V

ESD ptibility (Note 2)

H Mman Body Mode)
M achine Mode)

= ViN+ 0.6V
Power Dissipation, @ TM% °C, SOT23-5, TSOT23-5 0.4W
e (Note 2)
OT23-%)sa 250°C/W
TSOT23-Hc 130°C/W
ure Range 150°C
e (Soldering, 10 sec.) 260°C
-65°C to 150°C
2kV
200V
Recommended Operating Conditiongvote 3)
2.5V to 5.5V

Supply Input Voltage

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= 2.5V, L = 2.2uH, Gut= 10uF, ]h = 25°C, Max = 1A unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Mak Urn
Input Voltage Range N 2.5 5.5 \%
Shutdown Current shon EN=0 0.1 1 MA
Feedback Reference VRrer 0.588 | 0.6 0.612 V
Voltage
FB Input Current ds Ves=Vin -50 50 nA
PFET RON Rsonyp SY8008A 300 [
SY8008B 250 17
SY8008C 200 (7]
NFET RON RsoNpN SY8008A 25 D
SY8008B 20 17
SY8008C A50 )
PFET Current Limit i SY8008A 0.8 A
SY8008B 1.20 7 A
SY8008C 157 A
EN Rising Threshold e QS Vv
EN Falling Threshold WL 0.4 \Y
Input UVLO Threshold Vvio 25 \Y
UVLO Hysteresis Vivs 0.1 \Y
Oscillator Frequency d&=c lout=100mMA 1.5 MHz
Min ON Time ¢ 50 ns
Max Duty Cycle 100 %
Thermal Shutdown Tso 160 °C
Temperature

&\

it

These are for stress ratings. Fun
indicated in the operational sections of the speatibns is not implied. Exposure to absolute maximrating
conditions for extended pe{ may remain possilib affect device reliability.

Note 1 Stresses listed as the abo ( ;l@

Note 2 O JA is me

conductivity test bo@

the natural convection at TA %28n a low effective single layer thermal

f JEDEC 51-3 thermal measient standard. Pin 2 of SOT23-5/TSOT23-5 packigine

case position fo%(: measurement.

Note 3: Thwe is not guaranteed to function outsislefterating conditions.

\\@

=

olute MaximutmBsi' may cause permanent damage to the device.
| operatidhe device at these or any other conditions bdybose
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Typical Performance Characteristics (SY8008B)

Efficiency vs Load Current Efficiency vs Load Current

Efficiency vs Load Current

98%
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. L . . o L]
0.00.10.20.30.40.50.60.70.80.91.0 0.00.10.20.30.40.50.60.70.80.91.0 0.00.10.20.30.40.50.60.70.80.91.0
Load Current () Load Current () Load Current ()
. . Normal Operation i
Oscillator Frequency vs Vin P VLoaid Transuenf
1.70 v :
e Vout (AC) | Vout (AC) 5
20mVidiv 100mV/div
1. 60 3 |
= 155 | /
=4 Vix
5 150 5Vidiv
(=
E
0 1.45
o
1.40 1L
L 500mA/div |
.35 500mAJdiv @
1.30 :
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 Vin = 5.0V 200nsidiv Vin = 5.0V 40us/div
hputVoltage () Vout = 1.8V Vout = 1.8V
lload = 1.0A lload = 0.1A to 1.0A
P
Startup Shutdown
u g
EN - EN
sVidiv : I 5vidiv ¥
Vout Vout
Widiv 2 1Vidiv
B
L IL
S00mAtdNY 500mA/div
e
Vin = 5.0V 200usidiv Vin = 5.0V 20usfdiv
Vout = 1.8V Vout = 1.8V
llead = 1.0A lload = 1.0A
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Operation
SYB008A/B/C is a synchronous buck regulator IC theggrates the PWM control, top and bottom swische the
same die to minimize the switching transition lassl conduction loss. With ultra low Rds(on) powsitshes and
proprietary PWM control, this regulator IC can astd the highest efficiency and the highest switggdency
simultaneously to minimize the external inductod arapacitor size, and thus achieving the minimutaten
footprint. The internal softstart time is about 1ms

@
Applications Information
Because of the high integration in the SY8008 Ie, @application circuit based on this regulato ,%% simple.

Only input capacitor g, output capacitor &, output inductor L and feedback resistors (R1 need to be
selected for the targeted applications specificatio

Feedback resistor dividers R1 and R2 %VO
Choose R1 and R2 to program the proper outputg®eltdo minimize the power cons§pti n under lighatds, it is

desirable to choose large resistance values fdr Bit and R2. A value of be 100k and 1M is lgigh
recommended for both resistors. If R2=120k is chpdeen R1 can be calculate(&

R1= (Vour —0.6V)[(R2) (bi

0.6V Q
Input capacitor Cin: @

With the maximum load current at 1.2A (SY8008Ck thaxim ipple current through the input capaciso
about 0.6Arms. A typical X7R or better grade cerapapacitor va rating and greater than 4.7apacitance
can handle this ripple current well. To minimize tpotentiar\gse problem, place this ceramic dapaceally
close to the IN and GND pins. Care should be takemlmmlzéah loop area formed byCand IN/GND pins.

Output capacitor Cour:
The output capacitor is selected to handle theutut mmse requirements. Both steady sta@eipnd transient
requirements must be taken into considerati rcting this capacitor. For the best performaricés
recommended to use X7R or better grade § uapanth >6V rating and greater than 4.7uF cafzaxie.

Output inductor L:
There are several considerations in ch@g tiaisdtor.
1) Choose the inductance to prcs&elj desiragaipurrent. It is suggested to choose the rippleent to be

about 40% of the maximum outp rent. The indnice is calculated as:

L = VOUT(l_ VOUT/VIN,MAX )

FSW X IOUT MAX X 400
where Fsw is the swnch equency apgrlvax is the maximum load current.
The SY8008 regul or |s quite tolerant of diéfet ripple current amplitude. Consequently, thealfichoice of
inductance can be ly off the calculation eabithout significantly impacting the performance.

2) The saturati urrent rating of the inductorsinoe selected to be greater than the peak indaatoent under
full load co
Vour(1-VourV iy max)

2wl

ﬁu‘y CR of the inductor and the core loss atsthigching frequency must be low enough to achiéeedesired
efficiency requirement. It is desirable to chooseraductor with DCR<50mohm to achieve a good ovVefdiciency.

Layout Design:
The layout design of SY8008 regulator is relativaliyple. For the best efficiency and minimum ngisgblems, we

should place the following components close tol@eCy, L, R1 and R2.
1) It is desirable to maximize the PCB copper amanecting to GND pin to achieve the best theramal noise
performance. If the board space allows, a grodadepis highly desirable.

lout, Max +
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2) Gy must be close to Pins IN and GND. The loop areadal by G, and IN/GND pins must be minimized.

3) The PCB copper area associated with LX pin rbaghinimized to avoid the potential noise problem.

4) The components R1 and R2, and the trace congettithe FB pin must NOT be adjacent to the LX arethe
PCB layout to avoid the noise problem.

5) If the system chip interfacing with the EN piasha high impedance state at shutdown mode anidNtpe is
connected directly to a power source such as anllilattery, it is desirable to add a pull down 1Mo tor
between the EN and GND pins to prevent the not® fialsely turning on the regulator at shutdown m@

Load Transient Considerations: @

The SYB8008 regulator IC integrates the compensatmmponents to achieve good stability faststeant
responses. In some applications, adding a 22pFneereap in parallel with R1 may furthef speed up tbad
transient responses and is thus recommended focams with large load transient stea@l etaen
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SOT23-5 Package outline & PCB layout design

0.55

I N B

2.80-3.10

‘<7 2.40 4>‘

“7 1.50-1.70

et |
0.80

[ 2.70-3.00 ™

]

0.95 TYP

Recommended Pad Layout Q&

Y
Y ST
EG)Q 10-13
& i \
&
f 0.95TYP
( ;6.3—0.(?7 1.90 TYP
Notes: All dﬁa)gons are in millimeters.
All dimensions don’t include mold flash & netal burr.
6&%

%'x\

—1 |<#— 0.30-0.50

I
——— —-— 0,01-0.1

»‘ rﬁ 0.1-0.15
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TSOT23-5 Package outline & PCB layout design
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Notes: All dimensions are in millimeters.
Q ensions don’t include mold flash & metalburr.
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