Application Note: AN_SY 7065/SY 7065A

1.8V Minimum Input and 5. 5V Maximum Output
5A Peak Current Synchronous Boost with Output Disconnect

S/IERGY

General Description

Features

SY7065/SY7065A is a high efficiency synchronous
boost regulator that converts down to 1.8V inputl an
up to 5.5V output voltage. It adopts NMOS for the
main switch and PMOS for the synchronous switch. It
can disconnect the output from input during the

shutdown mode.

Ordering Information
SY7065 (O EI)E
Temperature Code
Package Code
Optional Spec Code

Ordering Number| Package type Note
SY7065QMC QFN2X2-10
SY7065AQMC QFN2X2-10

1.8V Minimum input voltage
Adjustable output voltage from 2.5V to 5.5V
5A peak current limit
Input under voltage lockout
Load disconnect during shutdown
Output over voltage protection
Input battery voltage monitor
Automatic output discharge at shutdown:
0 SY7065: Auto output discharge function
0 SY7065A: No output discharge function
Low Rps(on) (Main switch/synchronous switch)
at 5.0V output: 20/406
Compact package: QFN2x2-10

Applications

All Single Cell Li or Dual Cell Battery
Operated Products as MP-3 Player, PDAs, and
Other Portable Equipment

Typical Applications
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Figure 1. Schematic Diagram

O
Cy )
22uF 100uF
~ I

Efficiency vs. Load Current

100
98

96 [ =

94

Efficiency (%)
N
/

90 |+

88

—— Vn=2.0V\Vour=5.0v ~— |

86 — — Va=3.3VVours5.0V |
------- Vin=4.2V Vour=5.0V

84 ! !

0.0 1.0 2.0 3.0 4.0 5.0
Load Current (A)

Figure 2. Efficiency Figure
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Pinout (top view)

1 PVOUT}  isvouT

[

3 PGNDi  iSGND | 4

(QFN2X2-10)

Top mark:RCxyz for SY7065 (Device co@: RC, x=year code, y=week code, z= lot number code)
VLxyzfor SY7065A (Device code: VLx=year code, y=week code, z=lot number code)

Name | QFN2X2-10 Description
PVOUT 1 Power output pin. Decouple this pin to GND pithnat least 22uF ceramic cap.
Signal output pin. Decouple this pin to GND piniwiét.least 4.7uF ceramic cap for noise
SVOuUT 6 ; : : ;
immunity consideration.
LX 2 Inductor node. Connect an inductor betweerpiiNand LX pin.
PGND 3 Power ground pin.
SGND 4 Signal ground pin.
IN 5 Signal input pin.
EN 7 Enable pin. Internal integrated with, A Nlohml pldwn resistor.
LBI 8 Low battery comparator input.
FB 10 Feedback pin. Connect a resistor R1 between OUTF8p@dnd a resistor R2 between FB
and GND to program the outputvoltage,)y=1.2V*(Ri/R,+1).
LBO 9 Low battery comparator ‘@utput.(open drain) .

Absolute Maximum Ratingsnote 1)

EN Voyrt+0.3V
Other Pins 6V
Power Dissipation, i@ To=25°€ QRN2x2-10 2.5W
Package Thermal Resistance (Note 2)

0 Ja 50°C/W

0 i 10°C/W
Junction Temperaturé, Range 150°C
Lead Temperature (Soldering, 10 sec.) 260°C
Storage Temperature Range -65°C to 150°C
Recommended Operating Conditions (Note 3)
IN 1.8V to 5.25V
PVOUWT, SVOUT 2.5V to 5.5V
EN 0V to Vour+0.3V
All other pins 0-5.5Vv
Junction Temperature Range -40°C to 125°C
Ambient Temperature Range -40°C to 85°C
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Electrical Characteristics
(VIN =2.4V, Vout=5V, lout=500mA, Ta = 25°C unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max Unijt
Input Voltage VIN 1.8 5.25 \%
Output Voltage Range VOUT 2.5 5.5 \%
Quiescent Current Vy 1Q 10=0A,Vgn=Vn=1.8V, 10 HA
VOUT VOUT:5-0V 27 HA
Shutdown Current shon Ven=0V, Viy=2.4V 0.1 1 LA
Linear charge current charGE Vour<1V 1.2 A
1V<Vour<90%Viy 1.0
Soft-start time Tss 1 ms
Input Vin UVLO threshold Vvio 1.78 \
Vin UVLO hysteresis Vivs 0.1 \Y
EN Rising Threshold Mun 1.2 \Y
EN Falling Threshold WL 0.4 \Y
LBI Voltage Threshold Vi 1.176 1.2 1.224 \Y
LBI Input Hysteresis VaI Hvs 20 mV
Low Side Main FET By Rbs(on: Vour=5.0V 20 ng
Synchronous FET &, Ros(ony: Vour=5.0V 40 ng
Main FET Current Limit lm1 5.0 A
Switching Frequency fsw 500 kHz
Feedback Reference Voltage reY 1.182 1.2 1.218 \
Output over voltage protection| ovp 6 V
Minimum on time Bn miN 100 ns
Minimum off time Torr MIN 100 ns
Max on time Bn Max 2 us
Thermal Shutdown TemperatureTl sp 150 C
Thermal Shutdown hysteresis | vk 20 C
Output Discharge Resistor bR 80 Q

Note 1. Stresses beyond the “Absolute Maximum Ratingsy oause permanent damage to the device. These are
stress ratings only. Functional operation of thaakeat these or any other conditions beyond thudieated in the
operational sections of the specification is ngblied. Exposure to absolute maximum rating condgimay affect
device reliability.

Note 2: 0 JA is measured'in the natural convection aE25°C on a four-layer Silergy Evaluation Board.

Note 3: The devicetis’not guaranteed to function outsislejterating conditions.
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Block Diagram
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Typical Performance Characteristics (for SY7065)

Efficiency (%)

Efficiency vs. Load Current

100
98 [ eema
e R

l/ ~
94 >

N

[ N
92

AN .
90 |
8 — Vin=2.0V,Vour=5.0V
o — —  Vin=3.3V,Vour=5.0V

------- Vin=4.2V,Vour=5.0V

84 | |

0.0 1.0 2,0 3.0 40 5.0

Load Current (A)

Steady State
(Vin=3.3V.Vour=5.0V, lioxo=0.1A)

L 2vidiv

mn»—mm wm

Lo 1AV

TEENEHE
Dw-mb-xuumh

(\‘
Time ( 10us/d|v0
Load Tra@

(V|N—3 3V VONVJLOAD—O 3-2.8A)

K |

Time (1ms/div)

Steady State

(Vin=3.3V, Vour=5.0V, I 0ap=0A)

ok y
LX 2V/div | '} _
: v L 418 -

Q

n=3.3V, VOUT—S 0V, lLoan=3.0A)

Time (4ps/div)
S

Steady State

" SAE !

LX 2vidiv :

b - L ety

!

,,,,,,,, e IO o<l SO ot OO SO
L 5Adiv

Time (1ps/div)

&)

Short Circuit

(Vin=3.3V, Vour=5.0V, l10ap=0.3A to Short Circuit)
2 1
: . : 4
] Vour 2V/div
[ s} bt “ i 7..' Y N ot
e 7 | 20N ;
S - WL

Time (1ms/div)

AN_SY7065/A Rev. 0.9A  Silergy Corp. ConfidettiBrepared for Customer Use Only

Downloaded From  Oneyac.com


https://www.oneyac.com

AN_SY 7065/SY 7065A

S/IERGY
Startup from Enable Shutdown from Enable
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Applications Infor mation

Because of the high integration for SY7065/A, oimiput capacitor ¢, output capacitor &, inductor L and
feedback resistors (Rind R) need to be selected for the targeted applicaspesifications.

AN_SY 7065/SY 7065A

Feedback resistor dividersR1 and R2:
Choose Rand R to program the proper output voltage. To mininitee power

rVOUT

consumption under light loads, it is desirablehioase large resistance values for both H E; R,
and R. A value of between 1@kand 1M2 is recommended for both resistors. B is 1.2Ves
5.0V, R=470kQ is chosen, using following equation, thendan be calculated to be R
GND 2
148.41Q:
R, = _l2v R, @
Vour —12V

| nput capacitor Cn;:

The input capacitor is selected to handle the inple current requirements\For the best perforcea it is
recommended to use X5R or better grade ceramicitapavith 6.3V rating and'greater than 22uF caizende.

Li-lon battery hot plug consideration:

In the mass production stage, the Li-lon Batterly alvays hot plug in“between IC IN and GND pin.€lthot plug
may lead to large voltage spike and even lead tB@S fail. To aveid'\this potential risk, 1pcs 22Zdfamic cap
serial with 0.12 resister is recommended to absorb the inputveltpike.

With the recommended input absorb solution, théaga spike can be reduced from 6.13V to 5.29V.
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Inductor L Selection:

There are several considerations in choosing tiisdtor.

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

L=( Vin )2 Vour = Vin) (2)

0,
VOUT FSW x| OUT,MAX x 40 %

where Rk is the switching frequency angyk max is the maximum load current. The SY7065/A regulé@is
quite tolerant of different ripple current ampliudConsequently, the final choice of inductance lwaslightly
off the calculation value without significantly iragting the performance.

2) The saturation current rating of the inductor mestselected to be greater than the peak inductogrduinder
full load conditions.

l SATMIN

> EY0UT B our max + Vi’ (Vour = Vi) 3)
N Vour 2XFg xL

3) The DCR of the inductor and the core loss at thickimg frequeney must be low enough to achieve the
desired efficiency requirement. It is desirablectmose an inducter with DCR<50mohm to achieve adgoo
overall efficiency.

Inductor Vs. Qutput Capacitor:

The output capacitor is selected to handle theututpple neise requirements. Both steady stat@eipnd transient
requirements must be taken into consideration veed@cting this capacitor. Care should be takenitonmize the
loop area formed by &0t, and OUT/GND pins. It's recommended to use a XBReaiter grade ceramic capacitor
with 10V rating and great than 22uF capacitancélg¢oouple the high frequency current. And also aatam
capacitor with 16V rating and great than 100uf, caaace is recommended for the stability considenat

All continuous mode boost converters_ have a rigiift lane zero (RHPZ) due to the inductor beingoeed from
the output during charging. In a converter withrent mode control, inner current feedback loopvedidhe switch,
inductor and modulator to be lumpeditogether insonall signal variable current source, shown deval

(3

w (o]
S SR
T

Co

the power stage approximate transfer function is:

_{-D)xR, x%+ (DESSR %-w;ng 4)
R

1+->

®p

G.(s)
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Where
e R TN ©
(DRHPZ ) % g \i)ll'jT é (7)

As the equation 4 shows, Boost convert with curmneatle control transfer function is consist of oif8REzero, one
right half plane zero and one pole. Right half plaero brings 20dB/decade gain increase, 90 depghess drop.
So the bandwidth of boost converter MUST be lowmantzypz.

As shown in equation 7, right half plane zero ipafed on R, L and duty cycle. Larger inductor lead to loviiglrz,
so bandwidth should be designed lower thag;.

Some low profile application may prefer to usetkeamic capacitor solution and some low cost apfiio may
use the Electrolytic cap to reduce the BOM cost.
Below is selection table based on different indacéaand output capagitor.

Inductance Vs. Output Capacitor Selection Table

Inductance Low profile capaeitor, application Lowstaoapacitor application
Part Number L(uH) Part Number oGr (UF) Gout (UF)
SPM6530T-1ROM 1.0 C3216X5R1A226M 22uF/10Vx3pcs 220F+100uF(E-cap)
SPM6530T-1R5M 15 C3216X5R1A226M 22uF/10Vx4pcs 220%+100uF(E-cap)
SPM6530T-2R2M 2.2 C3216X5RTA226M 22uF/10Vx5pcs 220%+200uF(E-cap)

Enable Operation
Pulling the EN pin low (<0.4V) will shut¢«dewn thedce. During shutdown mode, the SY7065/A shutdowment
drops to lower than 1uA, driving the EN\pin high1(:2V) will turn on the IC again.

L ow Battery Detector Function-L BI/EBO
The low-battery detector functiori is used to manttee battery voltage and to generate an error \flagn the
battery voltage drops belowra user-set thresholdge.

The function is activelonly when the device is éedbWhen the device is disabled, LBO stays at mghedance.
The detection threshald is 1.2V at LBI. During natroperation, LBO stays at high impedance whenvtiitage
applied at LBI is\above the threshold. It is aclwe when the voltage at LBI goes below 1.2V.

The battery,veltage, at which the detection cireuittches, can be programmed with a resistive divadnnected to
LBI piny, The Tesistive divider scales down the battvoltage to a voltage level of 1.2V, which igthcompared to
LBI¢threshold voltage. The LBI pin has a built-ipsteresis of 20mV. If the low-battery detectiorcait is not used,
the LBJ pin should be connected to GND (or to VBAard the LBO pin can be left unconnected. Do riahie LBI
pin float.

VBAT
R; and R are designed to program the proper low battergstiwld voltage. The voltage Rs
across Ris equal to the LBI voltage threshold that is gated on-chip, which has a valu
of 1.2V. The value of resistorsRdepending on the desired minimum battery volNBAT,
can be calculated as: GND

LBI
Ra
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R, = VBAT - 12V R, )
1.2V

The output of the low battery monitor is a simpfgen-drain output that goes active low if the demidabattery

voltage drops below the programmed threshold veltag LBI. The output requires a pull up resistothwa

recommended value of 100k The maximum voltage which is used to pull up B outputs should not exceed

the output voltage of the DC/DC converter. If need, the LBO pin can be left floating or tied to BN

L ayout Design Consider ation:
For the best efficiency and minimum noise problewes should place the following components closthé&lC: Gy,
COUTI Lv Rl and 3

1) It is desirable to maximize the PCB copper am@anecting to PGND pin to achieve the best theranal noise
performance. If the board space allowed, a grquade is highly recommended.

2) Coutr must be close with Pins PVOUT and PGND. The logadormed by @GND must be minimized.

3) To minimize the output decouple loop area, LXc# is recommended@be routed on bottom or midgier

through via. \

4) SVOUT is the power supply pin for the internahtrol circuit. connect to PVOUT pin directhj 4.7uF
ceramic cap is strongly recommended to decouple \$VQin ND pin. Please use a jump wire to cahne
SVOUT pin to output capacitor side. \

5) The PCB copper area associated with LX pin rpa’wmized to avoid the potential noise problem.

6) The components;Rnd R, and the trace con ing to the FB pin must padjacent to the LX net on the PCB

layout to avoid the noise problem. %
‘\6
PCB L ayout Suggestion (s\\

1c Qp’vour 6 | svout

3 PGND 4 [ SGND
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QFN2x2-10L FC Package Outline
L9-2.1 E
0.10-0.30 ﬁ
0,50 °
l19-21 |—-—-|
. . .
- TS
g [
- - | 55 0.45 2 -
|
0.25-0.45 1.20-1.40
Top View Bottom View
E.J_SE | 0,50 |
— 0.5-0.8 o ET
1 £ 0.13-0.28
! % —
- 1 T 1,30 0,29
0,05 =2

Recommended PCB Layout
(Reference only)
Side View
Notes: All dimension in MM and exclude mold flash & metal burr.
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Taping & Redl Specification
1. Tapingorientation
QFN2x2

‘**3.9/4.147 1.45/1.55

O O @ O

7.7/8.3

Feeding direction —>

2. Carrier Tape & Red specification for packages

%

—# { " Reel Width

Reel -
Size
Package | Tapewidth Pocket Reel size Reel Trailer Leader length | Qty per
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
QEN2x2 8 4 7 8.4 400 160 3000
3. Others: NA
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