SY20778

Fully Integrated Synchronous Boost Converter with QC3.0 for

S/IERGY Li-lon Battery Power Bank Application
General Description Features
e Integrated N-Channel MOSFETS with 16V
SY20778 is a wide input, high power density, fully Voltage Rating and Extremely Low Rpscon) for
integrated synchronous Boost converter with QC3.0 m  Linear Switch
and PE+ for Li-lon battery power bank application. = Half Bridge
With the extremely low Rpsony switch, SY20778 e  0.3MHz or 0.5MHz Selectable Switching
provides high efficiency with small size. It can Frequency to Minimize Peripheral Circuit
provide up to 20W output power. Design
e  Up to 20W Output Power
A half bridge with 0.3MHz or 0.5MHz switching e |2C Controls
frequency is integrated to achieve power conversion. s Programmable Peak Current Limit
The Boost convertor adopts peak current control to =  Programmable Over Current Limit for
regulate the SYS voltage and SYS current. The light SYS Load
load status is monitored in the register and the MCU e Integrated SYS Current Sense
can read this status to shut down the chip to achieve e  Do+/Do- Divider Mode Compliant
extremely low power loss. In light load condition, the e (QC3.0 Class a Output Compliant
switching frequency will decrease according to the = 5V4A
load automatically to increase the efficiency. . 9V/2.22A
m 12V/1.67A
SY20778 is available in QFN4x4 package to e MTK PE+ Compliant
minimize the PCB layout size for portable e  Host Enable Control for Standby Mode
applications. e  Over Temperature Protection
e  Battery UTP/OTP
Ordering Information e Light Load Status Indication
Sy20778 L1(OOM) i i
IE Temperature Code Appl ications
Package Code e  Single Cell Li-lon Power Bank

Optional Spec Code e  Multiple Output Ports Charger

Ordering Number Package type Note
SY20778QYC QFN4x4-20

Typical Applications
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Figure 1. Simplified Schematic
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Pinout (Top view)

3825888
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BUS [4 ]

PGND [ ]
L 871X

(71 BST

DO nmnnn
PGND

(QFN4x4-20)
Top Mark: BLNxyz (device code: BLN, x=year code, y=week code, z= lot number code)

Pin Name Pin Number Pin Description
NTC 1 Thermal protection and battery detection pin. UTP threshold is about 80% of VDD
and OTP threshold is about 30% of VDD.
VDD 2 Internal linear regulator output. VDD is the output of 3.3V linear regulator. Connect
a 1F ceramic capacitor from VDD to GND.
SVS 310 System load pin. Connect a MLCC from this pin to ground to decouple the high
' frequency noise.
BUS 4 Connection point for reverse blocking FET and bypass linear switch. Connect a
MLCC from this pin to ground to decouple the high frequency noise.
PGND 5,6 Power ground pin.
BST 7 Boot strap pin. Connect a MLCC from this pin to LX pin.
LX 8,9 Switch node pin. Connect an external inductor from this pin to SIN pin.
DIV_EN 11 Divider mode enable pin. Pull it high to disable divider mode or low to enable it.
DO+ 13 USB D+ for system connection. Support Divider mode and BC1.2 and QC3.0
handshake.
DO- 14 USB D- for system connection. Support Divider mode and BC1.2 and QC3.0
handshake.
SDA 15 I2C Interface data.
SCL 12 1°C Interface clock.
NC 16 Let it float.
SIN 17 Input voltage sense pin. Connect it to the inductor terminal.
Buffered current pin. In Boost mode, IMON outputs the current of LNFET.
IMON 18 Vimon=1>Rimon/80K
EN 19 Whole chip enable pin. When SIN is present, pull it high to enable the IC and low to
shut down the IC.
Boost status indication pin. It is an open drain output pin which can be used for
turning on a LED to indicate Boost status. When Boost is working, the LED will be
STAT 20 on.
STAT pin will be pulled low for 2005 to generate an INT when QC detection is
done or the voltage of QC request is changed.
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Functional Block Diagram
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Figure 2. Functional Block Diagram
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Absolute Maximum Ratings (Note 1)

STAT, LX, BUS, SIN, SYS, EN, DIV_EN -0.5~18V
SCL, SDA, DO+, DO- -0.5~6V
VDD, NTC, IMON -0.5- 4V
BST-LX -0.5-4v
Power Dissipation, Pp @ Ta = 25, —-mmmrmmmm e e oo oo 25W
Package Thermal Resistance (Note 2)

0 1a 30 TIW

0 15 TIW
Junction Temperature Range -40<C to +150C
Lead Temperature (Soldering, 10 sec) - 260<C
Storage Temperature Range -65C to 125C

Recommended Operating Conditions (Note 3)

STAT, LX, BUS, SIN, SYS, EN, DIV_EN

less than 16V

SCL, SDA, DO+, DO-

VDD, NTC, IMON
BST-LX

-0.3 -5.5V
0-3.6V
0-3.6V

Junction Temperature Range -20C to 100C
Ambient Temperature Range -40C to 85T
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Electrical Characteristics

TAZZST, TA:TJ, Vs|N:3.5V, GNDZOV, LB:1|.,H, R|M0N:20kQ, Cs|N:20|.,F, CBUSZGOLF, CSYSZZOLF, unless

otherwise specified.

Symbol | Parameter | Conditions Min | Typ | Max | Unit
Quiescent Current
SIN Leakage
Isin Current EN puII down 10 l.,lA
I Boost Null-Load V5|N:4.35V,V5YSZ5V, |sys:0V, 2 mA
BOOST Input Current Converter switching
Input Power Supply
Input Supply .
Vsin Voltage SIN_OVP is enabled. 3 4.5 \Y
Input Voltage
VsinuviLo UVLO Falling edge 25 2.6 2.7 V
Threshold
Input Voltage
VuvHys UVLO Rising edge 280 mV
Hysteresis
Input Voltage .
Vsinove OVP Threshold Rising edge 4.55 V
Input Voltage .
VsiNoVPHYS OVP Hysteresis Falling edge 0.1 V
LDO Output
VvoD VDD Voltage Vsus:5v 3.3 V
VDD Source _
lvop Current Vvpp=2.8V 80 210 mA
Linear FET
RDS(ON) of the
Runer Linear NFET 12 me2
| System Current Reg02[4:2]=000, Vsys<8.4V, 10 101 o
SYSMAX Limit Tolerance Isys Limim=1A 0
Boost Converter Output
Voltage and Current Bias
BUS Voltage -
Veove OVP Threshold Rising edge 13 \Y
BUS Voltage .
VBovPHYS OVP Hysteresis Falling edge 1 Vv
SYS Voltage i 0
Vvs Tolerance . . &
REGOZ[110]=10,|sys_Low=50mA,
e Lo OTG Light Load | falling edge 2 | 30| 5 mA
- Threshold RE-GOZ[].:O]:].].,|5y5_|_0W=loomA, 70 95 120 mA
falling edge
Boost Mode
Max Peak
|PEAK_MAX_BT Cuar);enia REGO3[75]=111, |PEAK_MAX_BT=11-2A -15 15 %
Tolerance
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Other General Parameters

Battery Thermal Protection NTC

Under
Temperature
Protection

Rising edge

78%

80%

82%

UTP

Under
Temperature
Protection
Hysteresis

Falling edge

5%

Over
Temperature
Protection

Falling edge

28%

30%

32%

OoTP

Over
Temperature
Protection
Hysteresis

Rising edge

2%

Power MOSFET

Ruser

RDS(ON) of High-
Side NFET

12

mQ

Riser

RDS(ON) of Low-
Side NFET

mQ

Logic Level and

Timing

Viow

EN,SCL,SDA,
DIV_EN Low
Level Threshold

0.4

VHiGH

EN,SCL,SDA,
DIV_EN Low
Level Threshold

1.3

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only. Functional 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 may affect device reliability.

Note 2: 0 ;a is measured in the natural convection at Ta = 25<C on a low effective four-layer thermal conductivity

test board of JEDEC 51-3 thermal measurement standard.

Note 3: The device is not guaranteed to function outside its operating conditions.
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Typical Performance Characteristics
(TA=25<C, Vsin=4V, unless otherwise specified.)

Efficiency vs. Isys (Boost Mode,CV=5V) Efficiency vs. Isys (Boost Mode,CV=9V)
98 95 |
9 }
9 93 —
- /] I —
§ s\f/ 92 \\  —~
Pl > 91
Q@ | N o 9 \
£ o |- AN £ go —=~t—
i BAT=3V | N\ Yo | T BATRV
0 — —— BAT=3.6V \ o L1 BAT=3.6V
BAT=4.2V
I BAT=4.2V. - 6 i
88 | | a5 | I
0 1 2 3 4 5 0 0.5 1 15 2 25
ISYS (A) ISYS (A)
Efficiency vs. lsys (Boost Mode,CV=12V) 4V Vg Power ON
- I I
92 1
o Y Vo 5Vidiv | ’
o % ~C [~ + sttt
S e AN A
S 88 S Veus  5Vidiv ]
g / N\ R R
= | N\ 5v/div
8 —— BAT=3V |
85 -
e BAT=3.6V
84 i
83 BAT=4.2V,
82 ! 1 o .
0 0.5 1 15 2 25 e
Isys (A) Time (200ms/div)

4V V5|N Power OFF

i Vsin 5V/div
3

Veus - 5V/div

5V/div

DS _SY20778 Rev0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 7
© 2018 Silergy Corp. All Rights Reserved.



S/IERGY

SY20778

5V Boost Mode ON by I>’C
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Detailed Description

SY20778 is a wide input, high power density, fully
integrated synchronous Boost converter with QC3.0
and PE+ for Li-lon battery power bank application. It
is highly integrated with linear FET(LNFET), high-side
switching FET(HSFET), low-side  switching
FET(LSFET). With the extremely low Rpson) switch,
SY20778 provides high efficiency with small size. It
can provide up to 20W output power.

General Function Description
1Device Power ON Reset (POR)

The internal bias circuits are powered from the higher
voltage of Vaus and Vsin. When Vsn rises above
Vsin_uveo and EN is high, the IC will be active, the
VDD LDO will be powered on. I2C interface is ready
for communication and all the registers are reset to
default value. The host can access all the registers after
POR.

2 Device Power UP Operation
2.1 Power UP VDD Requlation (LDO)

The VDD LDO supplies internal bias circuits as well as
the HSFET and LSFET gate drivers. The LDO also
provides bias rail to NTC external resistors. The pull-
up rail of STAT can be connected to VDD as well. The
VDD will be enabled when Vs is above Vsin_uvio and
EN is high.

2.2 Converter Power UP

If Vgin is above Vsin_uvio, VDD LDO will stay off
until EN is high. When EN is low, the IC will be shut
down to save the power. The Boost converter will turn
on if both EN is high and Boost_Enable(REGO01[5]) is
set to 1. SY20778 always monitors the SYS voltage
and the current of LNFET. When Vsys is lower than
VsHorTsys, the linear FET will modulate the current to
be saw tooth shape from OA to 1.7A for short circuit
protection recovery. SY20778 will try to recover for
5ms per 0.7s when SY'S is shorted. When the current of
LNFET exceeds the SYS current limit (set by
REGO02[4:2]), the Boost converter will decrease the
duty cycle to limit the output current of Boost
converter.

As a synchronous Boost converter, the device deploys
a high efficient 0.3MHz or 0.5MHz step-up switching
regulator. The constant-off peak current converter
keeps tight control of the output voltage and output
current, which simplifies the output filter design.

An internal compensation network allows using
ceramic capacitors at the output of the converter. The
peak current of 1. sensed by LSFET is compared to the
internal error control signal to vary the duty cycle of
the converter. The cycle-by-cycle current limit is
implemented due to the peak current control mode.

3 Boost Mode Operation

SY20778 supports Boost converter operation to deliver
power from the battery to other portable devices
through the SYS pin. The Boost mode output current
rating supports maximum output current up to 4A at
LV output mode and 2.22A at HV output mode to
charge smart-phones and tablets.

In Boost mode, SY20778 deploys a 300kHz or 500kHz
peak current mode step up converter to deliver power
from input to SYS. The Boost mode state can be
monitored by reading the Boost bit (Reg00[6]).

4 SYS Output Management

4.1 SYS Voltage Set

The Boost converter modulates the SYS voltage
according to the handshake of DO+/DO- or
Downstream_Voltage_Set bit (REG05[4:2]).The Boost
converter will work in CV mode until the SYS current
exceeds the SYS current limit.

When Downstream_OUT_SEL is 1, SYS voltage will
be set by Downstream_Voltage Set bit(REG05[4:2]).
When Downstream_OUT_SEL is 0 and
Downstream_QC_ EN is 1, SYS voltage will be set by
DO+/DO-.

4.2 SYS Current Limit

In supply mode, once SYS current exceeds lsys Limit,
SYS current will be limited to Isvs Limit Dy regulating
the duty cycle of Boost converter. The SYS current
limit loop will take control of Boost converter until the
SYS current decreases under lsys_imit.

SYS current limit is programmed by lsvs Limit bit
(REGO02[4:2]).

4.3 Boost Status Indication Description

1. In Boost mode — Pull and keep STAT pin low;

2. Not in Boost Mode — When fault happens, pull
output high. Fault mode includes SIN OVP, SYS
SCP, SYS OVP BAT UTP/OTP.

Connect a LED from VDD to STAT pin. If the LED is
on, it will be indicated in Boost mode, otherwise, not.

Boost status is recorded in REGOO0[6]

DS SY20778 Rev0.9
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5 The Monitor of Current

The host can monitor the current of SY20778 by
measuring the voltage of IMON.

In Boost mode, IMON monitors the output current of
LNFET. The max voltage of IMON must be lower than
2V, the proper Rivon can be derived from following
formula:

Vimon=I>Rimon/80k

6 Interruptto Host (INT)

In some applications, the host does not always monitor
the Boost operation. The INT notifies the system on the
device operation. The following events will generate
20016 INT pulse.

. DO+ DO- detection is done

*  The request voltage of DO+ DO- is changed

After INT is generated, the MCU must read 12C to clear
the INT, otherwise the INT will be sent every 800ms.

7 Protection Descriptions

7.1 Thermal Protection-Thermal protection for
battery is achieved through NTC pin in Boost mode.
The basic scheme is shown in application information.
Thermal shutdown is active for the device itself. The
IC returns to normal work when the temperature
returns to normal range again.

7.2 Short Circuit Protection- There is a SYS short
circuit protection in SY20778. When Vsys is lower
than Vswortsys, the linear FET will modulate the
current to be saw tooth shape from 0A to 1.7A for short
circuit protection recovery. SY20778 tries recovery for
5ms every 0.7s.

7.3 Over Voltage Protection- When Vgys or Vg is
higher than the over voltage protection threshold, the
half bridge will stop Boost operation immediately. It
will return to normal work when the monitored voltage
returns to normal level. Input voltage has UVLO and
OVP, which would make the device shutdown,
SY20778 will return to normal work when the Vs
returns to normal range.
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Applications Information

1 Applications Information

Because of the high integration of SY20778, the
application circuit based on this regulator IC is rather
simple. Only input capacitor Csin, BUS capacitor Cgus,
inductor L, NTC resistors R1, R2, need to be selected
for the target applications specifications.

1.1 NTC Resistor:

SY20778 monitors battery temperature by measuring
the VDD voltage and NTC voltage. The controller
triggers the UTP or OTP when the rate K (K=
Vntc/Vvop) reaches the threshold of UTP (Kur) or OTP
(Kor). The temperature sensing network is showed as
below.

Choose R1 and R2 to program the proper UTP and
OTP points.

VDD VDD

SY7994 R1 SY7994

NTC

EERZ é:h RNTC

(b)

The calculation steps of Figure (a) are:

1. Define Kur, Kur =80%

2. Define Kor, Kor =30%

3. Assume the resistance of the battery NTC
thermistor is Rur at UTP threshold and Ror at OTP
threshold.

4. Calculate R2

_ Kot(1-Kut)Rut—Kut(1-KoT)RoT
KuT-Kort

R2

5. Calculate R1
R1 = (/KoT-1)(R2 + RoT)

If choose the typical values Kur =80% and Kor=30%,
then

R2 =0.12Rut-1.12RoT
R1=2.333(R2+Ror)

1.2 Input Capacitor Csin:
Csinacts as the input capacitor of Boost converter. The
input voltage ripple is calculated as below:

DxVsIN

8CSINFSW2L

Where Fsw is the switching frequency.
At least a 20 ceramic capacitor is suggested.

V/Ripple_INBoost =

1.3 BUS Capacitor Cgus:

Caus is the output capacitor of Boost converter. Cgus
reduces the bus voltage ripple and ensures the stability
of Boost. The output current ripple rms value is :

Al

lcBus RMs = ——

2.3
Where Al is the current ripple of the inductor.
At least a 60F ceramic capacitor is suggested.

1.4 Inductor L:
Inductor selection trades off among cost, size, and
efficiency. A lower inductance value corresponds with
smaller size, but results in higher ripple currents, higher
magnetic hysteretic losses, and higher output
capacitances. However, a higher inductance value
benefits from lower ripple current and smaller output
filter capacitors, but results in higher inductor DC
resistance (DCR) loss. An inductor must not saturate
under the worst-case condition.

As in Boost mode,

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

L= Vsm(l—sz/VBUS_MAX)
Fsw x Ipis,max x 40%

Where Fsw is the switching frequency and Ipismax is
the maximum discharge current.

SY20778 is quite tolerant of different ripple current
amplitudes. 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 to be greater than the peak inductor
current under full load conditions.

Vs (1 - VSIN/VBUS_MAX)

2xFswxL
3) The DCR of the inductor and the core loss at the
switching frequency must be low enough to
achieve the desired efficiency requirement.

IsAT, MIN > IDIS, MAX +

The range of 0.68H to 1.5pH inductance is suggested
to get the good stability with the internal compensation
circuits.

1.5 Layout Design:
The layout design of SY20778 regulator is relatively

simple. For the best efficiency and to minimum noise
problems, we should place the following components
close to the IC: Cgus, Csvs, L.
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1) It is desirable to maximize the PCB copper area
adjacent to GND pin to achieve the best thermal
performance and noise performance. If the board space
allows, a ground plane is highly desirable.

2) Csys must be close to pins SYS and GND, Cgus must
get close to pins BUS and GND. The loop area formed
by Csys and GND, Cgusand GND must be minimized.

The following figure is the recommended layout design.

3) The PCB copper area adjacent to LX pin must be
minimized to avoid the potential noise problem.

4) In high current applications, a RC snubber circuit
should be placed between LX and GND for better EMI.

QaQo
ocoo
Qooo

C4C2C1 C5

0000000 C24’
TR

0000
0000
ap00

oQoo
0000
gooo

QoQo0
0000
aoto

Qeeo
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Figure3. PCB Layout Suggestion
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Typical Applications

Boost Converter

In the application of Boost converter, SY20778 works as a step up converter with max 4A output current. The SYS

voltage can be set according to the handshake of DO+/DO- or Downstream_Voltage Set bit(REG05[4:2]). The

Boost converter will work in CV mode until the SYS current exceeds the SYS current limit. The SYS current will be
limited to Isys_Limit When it exceeds lsvs Limit. SY20778 features all the protections with SYS SCP, BUS OVP, SIN

OVP, NTC, thermal shutdown.

-—_———
I |
svs | |
-Lzou: I |
;E | Phonel
DO+ I |
I !
= BUS ] JI -———d
VDD 60uF
I
| I 10KQ< 10KQ< 10KQ BST 1_
|  — SCL 100nF
L 1pH
| Host | :?:T LX —-LN‘VY\ T Battery
| : 20 | Pack
I r EN SIN ;E —
I } DIV_EN VDD I
—_—— d
ngQ
;Lh IMON NTC
20KQ w,\wu
= PGND _+
YV —

Figure 4. Boost Converter Application Schematic
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Register Description
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Boost Converter Registers

The SY20778 supports 6 Boost converter registers that use either Write-Word or Read-Word protocols, as
summarized in Table 1. 04H are “read only” registers and can be used for identifying the SY20778.

Table 1. Boost Converter Register Summary

Register Register Name Read/Write Default
Address
00H Status/Control Register Read or Write XXH
01H Control Register Read or Write 84H
02H Current Register Read or Write XXH
03H Peak Current Register Read or Write 89H
04H Vendor/PN/Rev Register Read XXH
05H Quick Discharge Registerl Read or Write XXH
07H Quick Discharge Register2 Read or Write XXH
1 REGO00
Table 2. Status/Control Register (00H)
Bit Bit Name R/W Description
7 Reset R/W | Write 1 to reset all the parameters, auto clear
1: In Boost mode
6 Boost R 0: Not in Boost mode
5:4 Reserved NA |[NA
0:lsys> Isys_L
3 BST_LLOAD R 1:lsys<Isys_L ,Boost mode light load
0: VsiN> VsinuvLo
2 SIN_UVLO R 1: Vsin< VsinuviLo
1:0 Reserved NA |[NA
2 REGO1
Table 3. Control Register (01H)
Bit Bit Name R/W Description
7:6 Reserved NA |[NA
0: Disable Boost converter.
5 Boost_Enable RIW 1: Enable Boost converter. (default)
4 SIN_OVP RIW 0: Enable. (default)

1: Disable.

System output voltage compensation in 5V mode.
3 VSYS_COMP R/W |1:5.25V;
0: 5V (default).

2:1 Reserved NA |[NA
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Boost converter switching frequency set.
0 Fsw R/W | 0: 500kHz (default)
1: 300kHz
3 REGO02
Table 4. Current Register (02H)
Bit Bit Name R/W Description
7:5 Reserved NA |NA
SYS current limit
000: 1A
001: 1.5A
010: 2A
4:2 Isys_Limit R/W |011: 2.5A
100: 3A
101: 3.5A (default)
110: 4A
111: 45A
. 0: Disable Boost light load detection.
1 Boost_Lightload_EN RIW 1: Enable Boost light load detection (default)
; 0:50mA
0 Boost _Lightload R/IW 1:100mA (default)
4 REGO3
Table 5. Peak Current Register (03H)
Bit Bit Name R/W Description
000: 3.8A
001: 4.8A
010: 6A
. 011: 7A
75 lpEAK R/W 100: 8A
101: 9A
110: 10A
111: 11.2A (default)
4:0 Reserved NA |[NA
5 REG04
Table 6. Vendor/PN/Rev Register (04H)
Bit Bit Name R/W Description
75 Vendor_Code R 101: Identify the supplied
4:3 PN R 11: SY20778
001: Revision 1.0
. - 010: Revision 1.1
2:0 Revision R 011: Revision 1.2
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6 REGO05

Table 7. Quick Discharge Registerl (05H)

Bit Name R/W Description

75

Downstream_Voltage_Request

Record the voltage of downstream request.
111:12V(PE)

110:9V(PE)

101:7V(PE)

100:5V(PE)

011:12V(QC)

010:9V(QC)

001:Continuous mode (QC)

000:5V(QC)

4:2

Set the output voltage of SYS.
111:12V(PE)

110:9V(PE)

101:7V(PE)

Downstream_Voltage_Set R/W | 100:5V(PE)

011:12V(QC)

010:9V(QC)
001:Continuous mode (QC)
000:5V (default)

1:0

Continuous_Mode_UP_DOW
N

R/W

QC3.0 continuous mode control. In continuous mode, in order to increase
the SYS voltage by 200mV, these 2 bits must be set to 01 and then to 00;
in order to decrease the SYS voltage by 200mV, these bits must be set to
10 and then to 00.

10:DOWN

01:UP

00:HOLD (defalut)

11:HOLD

7 REGO7

Table 8. Quick Discharge Register2 (07H)

Bit

Bit Name

R/W Description

7:3

Reserved

NA NA

2

Downstream_Device_QC_Support

Indicate whether the downstream device supports QC.
R 1: Support
0: Not support

Downstream_QC_EN

1:Enable QC2.0 and QC3.0 Detection(default)

RIW 0:Disable QC2.0 and QC3.0 Detection

Downstream_OUT_SEL

SYS output voltage control.
R/W | 1:Set by REG05[4:2]
0:SY20778 set according DO+/DO- (default)
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12C Interface

SY20778 uses 12C compatible interface for flexible discharging parameter programming and instantaneous device
status reporting. Only two BUS lines are required: a serial data line (SDA) and a serial clock line (SCL). Devices
can be considered as masters or slaves when performing data transfers. A master is the device which initiates a data
transfer on the bus and generates the clock signals to permit that transfer. At that time, any device addressed is
considered as a slave.

The device operates as a slave device with address d4H, receiving control inputs from the master device like a micro
controller or a digital signal processor. The 1°C interface supports both standard mode (up to 100kbits), and fast
mode (up to 400kbits).

Both SDA and SCL are bi-directional lines, connected to the positive supply voltage via a current source or pull- up
resistor. When the BUS is free, both lines are HIGH. The SDA and SCL pins are open drain.

1 Data Validity

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the data
line can only change when the clock signal on the SCL line is LOW. One clock pulse is generated for each data bit

transferred.
| |
i i
| X |
| I
| |
| |
| |
|

SDA

SCL

Data line stable; Change |
Data valid . of data
allowed

Figure 5. Bit Transfer on the I1°C Bus

2 START and STOP Conditions

All transactions begin with a START (S) and can be terminated by a STOP (P). A HIGH to LOW transition on the
SDA line while SCI is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the
SCL is HIGH defines a STOP condition.

START and STOP conditions are always generated by the master. The bus is considered busy after the START
condition, and will be free after the STOP condition.

N Vo

START (S) STOP (P)
Figure 6. START and STOP conditions
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3 Byte Format

Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is unrestricted.
Each byte has to be followed by an Acknowledge bit. Data is transferred with the most significant bit (MSB) first. If
a slave cannot receive or transmit another complete byte of data until it has performed some other function, it can
hold the clock line SCL low to force the master into a wait state (clock stretching). Data will transfer then continues
when the slave is ready for another byte of data and releases the clock line SCL.

Acknowledgement Acknowledgement
signal from slave signal from receiver

U lﬁME%IIZIII.’.'IZZZIIZZL_f"'Y'_'_'_I'_'_'_]ZIZ:[_'_'_'IZZ\I_Z:j;I
B WA WA RS WA A W A VAV VAVAN >

START or STOP or
Repeated

Repeated
START START

Figure 7. Data Transfer on the 1°C Bus

4 Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter that
the byte was successfully received and another byte may be sent. All clock pulses, including the acknowledge 9th
clock pulse, are generated by the master.

The transmitter releases the SDA line during the acknowledge clock pulse so the receiver can pull the SDA line
LOW and it remains stable LOW during the HIGH period of this clock pulse.

When SDA remains HIGH during the 9th clock pulse, this is the not acknowledge signal. The master can then
generate either a STOP to abort the transfer or a repeated START to start a new transfer.

5 Slave Address and Data Direction Bit
After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data direction bit
(bit R/W). A “0” indicates a transmission (WRITE) and a “1” indicates a request for data (READ).

PR R Fe===n —=-=n e T e
| | i \ j- \ I- [ |
scL | s u | o __ ra: L foy 1P |
W

START ADDRESS R DATA DATA ACK STOP
Flgure 8. Complete Data Transfer

Single Read and Write

1] 7 I 8 [ 8 11

|SI Slave Address |0| ACK | Reg Addr | ACK | Data Addr | ACK | P

Figure 9. Single Write
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11| 7 1] 1 | 8 | 1 |1 7 [ 1] 1

SY20778

| s | saveadoress | o[ ack | Regaddr | ack [s| smveaddress | 1] ack

Figure 10. Single Read

If the register address is not defined, the 1C will be sent back to NACK and return to the idle state.
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QFN4x4-20 Package Outline Drawing
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Side View Recommended PCB layout
(Reference only)

Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification
1. QFN4x4 taping orientation
@ 39;4 1—'-|® éﬁ 45/1.55
J, [—4-20-4.40—]
IO T .
1
I 7.90-8.10
—_— Feeding direction
2. Carrier Tape & Reel specification for packages
Reel
Size
Package | Tape width Pocket Reel size Trailer Leader length | Qty per reel
types (mm) pitch(mm) (Inch) length(mm) (mm) (pcs)
QFN4x4 12 8 13" 400 400 5000
3. Others: NA
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IMPORTANT NOTICE

1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information
published in this document, including but not limited to circuitry, specification and/or product design, manufacturing or
descriptions, at any time and without notice. This document supersedes and replaces all information supplied prior to the
publication hereof. Buyers should obtain the latest relevant information before placing orders and should verify that such
information is current and complete. All semiconductor products are sold subject to Silergy’s standard terms and conditions of
sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only.
Silergy makes no representation or warranty that such applications will be suitable for the specified use without further testing or
modification. Buyers are responsible for the design and operation of their applications and products using Silergy products.
Silergy or its subsidiaries assume no liability for any application assistance or designs of customer products. It is customer’s sole
responsibility to determine whether the Silergy product is suitable and fit for the customer’s applications and products planned.
To minimize the risks associated with customer’s products and applications, customer should provide adequate design and
operating safeguards. Customer represents and agrees that it has all the necessary expertise to create and implement safeguards
which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures
that might cause harm and take appropriate remedial actions. Silergy assumes no liability related to any default, damage, costs or
problem in the customer’s applications or products, or the application or use by customer’s third-party buyers. Customer will
fully indemnify Silergy, its subsidiaries, and their representatives against any damages arising out of the use of any Silergy
components in safety-critical applications. It is also buyers’ sole responsibility to warrant and guarantee that any intellectual
property rights of a third party are not infringed upon when integrating Silergy products into any application. Silergy assumes no
responsibility for any said applications or for any use of any circuitry other than circuitry entirely embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable.
However, Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such information. In no event shall Silergy be liable for
any indirect, incidental, punitive, special or consequential damages, including but not limited to lost profits, lost savings, business
interruption, costs related to the removal or replacement of any products or rework charges, whether or not such damages are
based on tort or negligence, warranty, breach of contract or any other legal theory. Notwithstanding any damages that customer
might incur for any reason whatsoever, Silergy’ aggregate and cumulative liability towards customer for the products described
herein shall be limited in accordance with the Standard Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory
and safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding
any applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where
failure or malfunction of an Silergy product can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Silergy assumes no liability for inclusion and/or use of Silergy products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of
commercial sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual
agreement specifically agreed to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only
the terms and conditions of the respective agreement shall apply. Silergy hereby expressly objects to and denies the application
of any customer’s general terms and conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open for acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or
intellectual property rights. Silergy makes no representation or warranty that any license, either express or implied, is granted
under any patent right, copyright, mask work right, or other intellectual property right. Information published by Silergy
regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Silergy under the patents or other intellectual property of Silergy.

For more information, please visit: www.silergy.com
© 2018 Silergy Corp. All Rights Reserved.
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