S/IERGY

Application Notes: SY8106A

High Efficiency, Fast Response, 6A, 18V Input
Synchronous Step Down Regulator with I°C Interface

General Description

SY8106A develops a high efficiency synchronous buck
regulator capable of delivering 6A output current. The
device operates over a wide input voltage range from
4.5V to 18V. SY8106A adopts instant PWM
architecture to achieve fast transient response.

SY8106A integrates an I’C compatible interface for
output voltage setting, status read back, etc. The device
also features enable control, open drain power good
indicator, cycle-by-cycle current limit, short circuit
protection and thermal shutdown.

SY8106A provides compact solution for TCON power
system. It is available in a QFN3x3-20 package.

Ordering Information

SY8106 C1(O) E
| Temperature Code
Package Code
Optional Spec Code
Ordering Number Package type Note
SY8106ARAC QFN3x3-20 --
Applications

e TCON Power System
e Mobile handsets
*  Portable applications

Features

* 4.5V to 18V input voltage range
*  6A synchronous buck regulator:
o Low Rpg(on for internal switches (Top
FET/Bottom FET): 50/15 mQ
o 6.0A output current capability
o Instant PWM architecture to achieve fast
transient responses
o 200kHz to IMHz programmable switching
frequency
o I*C programmable output voltage with initial
voltage setting by resistor divider
0.6V+/-1% feedback reference voltage
Enable control
Power good indicator
Adjustable-soft-start time
PSMumode at light load for high efficiency
Cycle-by-cycle current limit protection
Hic-cup mode output short circuit protection
Hic-cup mode output over voltage protection
*C compatible interface:
Supports 100kHz standard mode and 400kHz
fast mode
o 7-Bits VID programmable output voltage from
0.68V to 1.95V with 10mV/Step
VID voltage transition slew rate control
Power good status read back
Over temperature warning read back
On/Off control
. Thermal shutdown with auto recovery
. Input UVLO
. RoHS Compliant and Halogen Free
. Compact package: QFN3x3-20
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Typical Applications
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Pinout (top view)
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(QFN3x3-20)

Top Mark: ASTxyz, (Device code: AST, x=pear code, y=week code,z=)lot number code)

Pin Name Pin Number Pin Description

BS 1 Boot-strap pin. Decouple this pin to LX.with'a 100nF capacitor

IN 2,3.4,5 Power supply input. Decouple this pint'to~GND with at least 10uF MLCC

LX 6,19,20 Inductor pin. Connect this pin toth€ switching node of inductor.

GND 7,8,18,EP | Ground pin.
SCL 9 Serial clock pin
SDA 10 Serial data pin.

PG 11 Open drain pow¢r, geod indicator. Externally pull high when the output is in
regulation rangeOtherwise pull low

EN 12 Enable céntrol./Float to enable. This pin can also be used to adjust input UVLO
with resistondivider

FS 13 Switching frequency setting pin. Connect a resistor from this pin to GND to adjust
the switching frequency. Fsw(kHz)= 44350/Rgs, where Rggis in kQ.

SS 14 Soft*start input. Connect a capacitor from this pin to GND to program the soft-
start time. A 5uA pull-up current source is connected to this pin.
Tss(ms)=Css(nF)*0.6(V)/5(uA)

FB 15 Initial output voltage setting pin. Connect this pin to the resistor divider of the
output

ouT 16 Output voltage sense pin
VL 17 Internal LDO output. Decouple this pin to GND with a 2.2uF ceramic capacitor
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Absolute Maximum Ratings Note 1)
IN, LX, EN, PG -0.3V to 20V
VL, BS-LX -0.3V to 4V
SDA, SCL -0.3Vto 7V
ouT -0.3Vto 7V
All other pins -0.3Vto 4V
Power Dissipation,

Pp @ Ta=25°C QFN3x3-20 3.3W
Package Thermal Resistance (Note 2)

0 14, QFN3x3-20 30°C/W

0 1c, QFN3x3-20 4.5°C/W
Junction Temperature Range 150°C
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range

-65°C to 150°C

Recommended Operating Conditions ot 3)

IN
Junction Temperature Range

4.5V to 18V
-40°C to 125°C

-40°C to 85°C

Ambient Temperature Range

Electrical Characteristics
(Vin=12V, Vour = 1.1V, L = 2.2uH, Coyt = 3x22uF , Ta = 25°C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max Unit
Input Voltage Range Vin 4.5 18 \
VUVLO RISING VUVLO RISING UVLEO rising threshold Voltage 4.00 4.25 4.50 A\
VUVLO JFALLING VUVLO FALLING OVLO falhng threshold Voltage 3.50 3.75 3.95 \%
Quiescent Current Io EN=High, FB=1V. Buck 500 pA
converters are not switching
Mode="0"
Shutdown Current Isqut EN =0 10 A
Feedback Reference VREr 0.594 0.6 0.606 A%
Voltage
Buck Output Voltage VLINE IOUT:3A 0.5 %/V
Line Regulation
Buck Output Voltage Vioap Iour=1~6A 0.5 %/ A
Load Regulation
Switching Frequency Fosc, rRnG 200 1000 kHz
Program Range
Switching Frequency Fosc Rosc=88.7k 425 500 575 kHz
Acgcuracy
Soft-start Charging Iss 5 pA
Current
Power Good Threshold | Vpg Vep falling, PG from high to low 92.5 % VREF
Vgg rising, PG from low to high 95 Y% VREF
Vg rising, PG from high to low 115 %V rer
Vep falling, PG from high to low 110 % VREF
Output OVP Threshold VOVP 120 %VREF
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Output OVP Response | toyp 20 us
Time
Output OVP Off Time tOFE. OVP 16 ms
Power Good Delay Trg F PG falling edge 250 us
Time Tprg r PG rising edge 2 ms
Power Good Low VrG Low Sink 1mA to PG pin, FB=0.6V 0.4 A%
Voltage }
Over Current Protection | twarr 500 us
Wait Time
Over Current Protection | topp 16 ms
Off Time
Enable Logic High VEN HIGH Rising 1.2 1.26 A%
Threshold }
Enable Logic Low VEN Low Falling 1.1 1.15 A%
Threshold }
Enable Pull-up Current | Igy V=1V 2 LA
Minimum On Time Ton MIN 100 ns
Maximum Duty Cycle Dmax 95 %
Thermal Shutdown Tsp 160 °C
Temperature
Thermal Shutdown Thys 20 °C
hysteresis
TOp FET RON RDS(ON)NII 50 mQ
Bottom FET RON RDS(ON) N12 15 mQ
Top FET Current Limit | Ijjtop; 12 A
Bottom FET Current ILIM,BOTI 6
Limit
Bottom FET Reverse I vBor2 -6 A
Current Limit
I’C COMPATIBLE Interface
Operating Frequemcy fscL 400 kHz
SDA and SCL Input Logic low 0.9 \Y
Logic Threshold Logi€ high 2.5 \Y
SDA Output Low VOL’SDA 0.4 A\
Voltage

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only. Eunétional operation of the device at these or any other conditions beyond those indicated in the

operational sections, of the specification is not implied. Exposure to absolute maximum rating conditions for

extended periods imay affect device reliability.

Note 2: 0,JA is"measured in the natural convection at TA = 25°C on a low effective 4-layer thermal conductivity
test board of JEDEC 51-3 thermal measurement standard. Paddle of QFN3x3 packages is the case position for 6 JC

measurement.

Note3: The following combination of inductor and output capacitor value is just used to improve start up.

Inductor COUT
1.5uH 22uFx5ea
2.2uH 22uFx3ea

Note 4: The device is not guaranteed to function outside its operating conditions.
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Block Diagram
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I’C Compatible Interface

SY8106A integrates an I°C compatible interface works as a slave. The 7-bits device address is 0x65H

When SY8106A is in hardware shutdown (EN pin tied to ground), the device can’t be updated via the I°C interface.
And the registers are reset to default value. While in software shutdown (EN bit=0), the I’C interface is fully
functional.

START and STOP Conditions:

The START condition is a HIGH to LOW transition of the SDA line while SCL is HIGH. The STOP condition is a
LOW to HIGH transition on the SDA line while SCL is HIGH. A STOP condition must be sent before each START
condition. The I°C master always generates the START and STOP conditions.

r— r—
soa | [ / b | |
2

NIV VRS

L i - L i -
START §TOP
CONDITION CONDITION

Data Validity:
The data on the SDA line must be stable during the HIGH period of the. SCL, unless generating a START or STOP

condition. The HIGH or LOW state of the data line can only ¢hange when the clock signal on the SCL line is LOW.

5DA / X

SCL

| | |

| | |

| | | h
| | |
DATALINE CHAMNGE

STABLE |OF DATA |
 ATAVALID ALLOWED

Acknowledge:
Each address and data transmission uses 9-clock pulses. The ninth pulse is the acknowledge bit (ACK). After the

START condition, the master sends 7-slave address bits and an R/W bit during the next 8-clock pulses. During the
ninth clock pulse,(thepdevice that recognizes its own address holds the data line low to acknowledge. The
acknowledge bit is also used by both the master and the slave to acknowledge receipt of register addresses and data.

ol r————"

DAl

| se S I\
TART ACKNOWLEDGE
AR, !_ FROM SLAVE _!

Data Transactions:
All transactions start with a control byte sent from the I°C master device. The control byte begins with a START
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condition, followed by 7-bits of slave address, followed by the 8" bit, R/W bit. The R/W bit is 0 for a write or 1 for
a read. If any slave devices on the I°C bus recognize their address, they will acknowledge by pulling the SDA line
low for the last clock cycle in the control byte. If no slaves exist at that address or are not ready to communicate, the
data line will be 1, indicating a Not Acknowledge condition. Once the control byte is sent, and the slave
acknowledges it, the 2nd byte sent by the master must be a register address byte. The register address byte tells the
slave which register the master will write or read. Once the slave receives a register address byte it responds with an
acknowledge.

Write To A Register
Read From A Register

A| DATA .

S| START ‘A ACKNOWLEDGE | DRIVEN'BY THE MASTER
[P] sToP [N] NOACKNOWLEDGE | | BRIVEN BY THE SLAVE
Register Settings:

1. VOUT1_SEL (0x01H)

Name # of Bits Access Default Description
VOUT Bit7 7 R/W 0 Go bit, must set ‘1’ to enable I’'C voltage control
VOUT_Bit6 6 R/W 0 Channel 1 output voltage program, 10mV/Step
VOUT_Bit5 5 R/W. 0 0x00H: 0.68V
VOUT _Bit4 4 R/W- 0 0x7FH: 1.95V
VOUT_Bit3 3 R/W 0
VOUT Bit2 2 R/W 0
VOUT Bitl 1 R/W 0
VOUT_Bit0 0 R/W 0
2. VOUT_COM (0x02H)
Name # of Bits Access Default Description
7 R/W 0 Reserved
Slew Rate 3 6 R/W 0 Vour slew rate control
Slew Rate 2 5 R/W 0 000 : 10mV/cycle; 001: 10mV/2 cycles;
Slew Rate 1 4 R/W 0 010: 10mV/4 cycles; 011 : 10mV/8 cycles;
100: 10mV/16 cycles; 101: 10mV/32 cycles;
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110 : 10mV/64cycles; 111: 10mV/128 cycles
3 R/W 0 Reserved
2 R/W 0 Reserved
Mode 1 R/W 0 0: Enable PSM operation at light load;
1: Force PWM operation
EN 0 R/W 0 0: Enable buck regulator; 1: Disabled buck regulator
3. SYS_STATUS (0x06H)
Name # of Bits Access Default Description
OTP 7 R 0 1: Die temperature over 160°C, OTP is triggered
0: OTP is not triggered
6 R 0 Reserved
5 R 0 Reserved
oC 4 R 0 1. OCP is triggered, and,V gdrops below 1/3 of set point.
0. Current is below'current limit
Temperature 3 R 0 1: Die temperature’over 125°C;
Warning (>125°C) 0: Die temperature below 125°C
2 R 0 Reserved
1 R 0 Reserved
PGOOD 0 R 0 1: Vour in power good regulation range

0: Voyr not in power good regulation range
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Vour Output Voltage Setting:

OUT Bit | VOUT | OUT Bit | VOUT OUT Bit VOUT OUT Bit | VOUT
[6:0] V) [6:0] W) [6:0] V) [6:0] W)
0x00 0.68 0x20 1.00 0x40 132 0x60 1.64
0x01 0.69 0x21 1.01 0x41 133 0x61 1.65
0x02 0.70 0x22 1.02 0x42 134 0x62 1.66
0x03 0.71 0x23 1.03 0x43 1.35 0x63 1.67
0x04 0.72 0x24 1.04 0x44 136 0x64 1.68
0x05 0.73 0x25 1.05 0x45 137 0x65 1.69
0x06 0.74 0x26 1.06 0x46 1.38 0x66 170
0x07 0.75 0x27 1.07 0x47 139 0x67 171
0x08 0.76 0x28 1.08 0x48 1.40 0x68 1.72
0x09 0.77 0x29 1.09 0x49 1.41 0x69 1.73
0x0A 0.78 0x2A 1.10 0x4A 1% 0x6A 1.74
0x0B 0.79 0x2B 111 0x4B 13 0x6B 1.75
0x0C 0.80 0x2C 1.12 0x4C I44 0x6C 176
0x0D 0.81 0x2D 1.13 0x4D 1.45 0x6D 177
0x0E 0.82 0x2E 1.14 0x4E 1.46 0x6E 1.78
0xOF 0.83 0x2F 115 Ox4F 147 0x6F 1.79
0x10 0.84 0x30 116 4 0x50 1.48 0x70 1.80
0x11 0.85 0x31 117 « GRS 0x51 1.49 0x71 1.81
0x12 0.86 0x32 LIS 0xs2 1.50 0x72 1.82
0x13 0.87 0x33 NS 0x53 151 0x73 1.83
0x14 0.88 ox34 [ (120 0x54 1.52 0x74 1.84
0x15 0.89 0x35 AN 121 0x55 1.53 0x75 1.85
0x16 0.90 0x36\Y 122 0x56 1.54 0x76 1.86
0x17 0.91 037 123 0x57 1.55 0x77 1.87
0x18 092 L 0x38 1.24 0x58 1.56 0x78 1.88
0x19 0.93 '\ 0x39 1.25 0x59 1.57 0x79 1.89
Ox1A 094 0x3A 126 0x5A 1.58 0x7A 1.90
0x1B 0.95 0x3B 127 0x5B 1.59 0x7B 1.91
0x1C 0.96 0x3C 1.28 0x5C 1.60 0x7C 1.92
0x1D 0.97 0x3D 129 0x5D 1.61 0x7D 1.93
0x1B 0.98 0x3E 130 0x5E 1.62 0x7E 1.94
OX1F 0.99 0x3F 131 0x5F 1.63 0x7F 1.95
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Typical Performance Characteristics

Efficiency vs. Load Current
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Startup from Enable
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Output Ripple
(ViN=12V, Vour=1.1V, 10=6A)
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Operation

SY8106A develops a high efficiency synchronous
buck regulator capable of delivering 6A output
current. The device operates over a wide input
voltage range from 4.5V to 18V. SY8106A adopts
instant PWM architecture to achieve fast transient
response. The switching frequency is adjustable from
200kHz to IMHz.

SY8106A integrates an I°C compatible interface for
output voltage setting, status read back, etc. The
device also features enable control, open drain power
good indicator, cycle-by-cycle current limit, short
circuit protection and thermal shutdown.

Applications Information

Feedback resistor dividers Ri and Ra:

Choose Ri and R2 to program the proper output
voltage. To minimize the power consumption under
light loads, it is desirable to choose large resistance
values for both Ri and R2. A value of between 10kQ
and IMQ is highly recommended for both resistors.
If Vout is 1.1V, Ri=10k is chosen, then using
following equation, R2 can be calculated to be 12k:

Vour
0.6V R
, =—R,. 0.6Ves k
Vour — 0.6V
GND Ra

Input capacitor Cin:
The ripple current through input capacitor is

calculated as:

ICINfRMS = 10UT7MAX E{/D(l ) ) D)

To minimize thé, potential noise problem, place a
typical X5R or\better grade ceramic capacitor really
close to the\IN“and GND pins. Care should be taken
to minimize the loop area formed by Cmw, and
IN/GNDypins. In this case, a 10uF low ESR ceramic
capacitor is recommended.

Output capacitor Cour:
The output capacitor is selected to handle the output

ripple noise requirements. Both steady state ripple
and transient requirements must be taken into
consideration when selecting this capacitor. For most
applications, an X5R or better grade ceramic

capacitor greater than 44uF capacitance can work
well. The capacitance derating with DC voltage must
be considered.

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 ripple
current to be about 40% of the maximum output
current. The inductance is calculated as:

— Vour (1= VOUT/VIN.MAX )
Fsw % Tourmax X40%

where Fsw is the switching frequency and Ioyrmax 1S
the maximum load current.

The SY8106A regulator IC is quite tolerant of
different ripple curfent.amplitude. Consequently, the
final choice of-inductance can be slightly off the
calculation value-without significantly impacting the
performance,

2) The,saturation current rating of the inductor must
be selected greater than the peak inductor current

L

underfull load conditions.
>7 Vour X (I- Vour / V[NﬁMAX)

OUT _MAX
F, XL X 2

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 smaller DCR to achieve a
good overall efficiency.

I

SAT _MIN

Soft start time programming and output voltage

tracking:
Connect a capacitor from SS pin to GND to program

the soft-start time. A SuA pull-up current source is
connected to SS pin. The soft start time can be
calculated by below equation:

0.6(V
Ty (ms) = Cyg(nF) % ")

S5(uAd)
When external voltage on SS pin is less than the
internal 0.6V reference voltage, the buck output
voltage will track this external voltage during soft
start.

Power Good Indication

PG is an open drain output. This pin is externally
pulled high when the FB voltage is within 95% to
115% of the internal reference voltage. Otherwise is
pulled low.
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External Bootstrap Cap

This capacitor provides the gate driver voltage for
internal high side MOSEFET. A 100nF low ESR
ceramic capacitor connected between BS pin and LX
pin is recommended.

BS
CBS
100nF
X
VL LDO

The 3.3V VL LDO provides the power supply for
internal control circuit. Bypass this pin to ground
with a 2.2uf ceramic capacitor.

VL
:I:Z.ZUF

Switching Frequency Setting:
Connect a resistor from FS pin to GND to adjust the

switching frequency. The switching frequency is

adjustable from 200kHz to 1MHz. The switching*

frequency can be calculated by below equation:

F, (kHz) = 44350
FS
Where Rgg is in kQ.

Layout Design:
The layout design of SY8106A regulator is relatively

simple. For the best efficiency and minimum noise
problem, we should place the following components
close to the IC: Cpy, Cyp L, R1 and R2.

1) 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 desirable.

2) Civ must be close to Pins IN and GND. The loop
area formed by Civand GND must be minimized.

3) The PCB coaesr&associated with LX pin must

be minimized td avoid the potential noise problem.

4) Cyp shéd be placed close to VL pin and GND

pin

5) Qg;components Ri and Ra, and the trace
&ecting to the FB pin must NOT be adjacent to

e LX net on the PCB layout to avoid the noise

Figure 3. PCB Layout Suggestion
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QFN3x3-20 Outline Drawing
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Taping & Reel Specification
1. QFN3x3-20 taping orientation
“*3.9/4.1—" 1.45/1.55
OO @ O O O
5 ° ° °
Feeding direction —*
2. Carrier Tape & Reel specification for packages
e Reel
L Width
Reel L
Size ]
A / 1
Package’ )| Tape width Pocket Reel size Reel Trailer Leader length | Qty per
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
QFN3x3 12 8 13" 124 400 400 5000

3. Others: NA

AN SY8106A Rev. 0.9  Silergy Corp. Confidential- Prepared for Customer Use Only

17




