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General Description 
 

The SY20716 is a high efficiency Buck mode switching 

charger for 1-cell Li-ion and Li-polymer battery. The 

SY20716 provides a high integrated solution for the 

portable device. It integrates the blocking FET, the power 

FETs, the input current sensing circuits and the charger 

controller. It is fully USB compliant to minimize the 

charge time when it is supplied from a USB port. The 

SY20716 also supports USB OTG with the integrated 

Boost regulator. 

Three internal DACs are used as the reference of battery 

voltage, battery charge current and adapter input current 

limit, and programmed by host using I2C. The adaptive 

input current limit allows the maximum charge current to 

minimize the charge time and prevent input source 

overloading.  

The SY20716 is available in CSP1.93x2.05-20 package 

to allow small PCB footprint. 

 

Ordering Information 

Package Code  

Temperature Code

Optional Spec Code

□(□□)□SY20716

 

 

 

Applications 
 

 PADs 

 Smart Phones 

 Portable Equipment with Rechargeable 

Batteries 

 Battery Back-up Systems 

 

Features 
  

 High Integrated and High Efficiency  

 Up to 1.25A Charge Current (68mΩ RSEN) 

 Up to 1.55A Charge Current (55mΩ RSEN) 

 Up to 18V Absolute Maximum Input Voltage 

 6V Maximum Operating Input Voltage 

 Adaptive Input Current Limit 

 ±5% Input Current Limit Accuracy@500mA  

 ±0.5% Charge Voltage Accuracy 

 I2C Controls(up to 3.4Mbps) 

-- Battery Charge Voltage (3.5V – 4.44V)  

-- Battery Charge Current (550mA – 

1.25A) 

-- Termination Current (50mA – 400mA) 

-- Battery Weak Voltage (3.4V – 3.7V) 

-- Input Current Limit 

-- VBUS Threshold for Adaptive Input 

Current 

-- Low Charge Current Mode Enable And 

Disable 

-- Termination Enable and Disable 

 Integrated Loop Compensation 

 Internal Soft-start 

 Bad Adapter Detection and Rejection 

 3MHz Switching Frequency  

 Automatical High Impedance Mode for Low 

Power Consumption 

 5V,1A Boost Mode for USB OTG 

 CSP1.93x2.05-20 Package 

 Spread Spectrum Control for Improved EMI 

Performance 

 Factory Test-Mode for GSM Calibration 

without a Battery 

 

 

 

 

Ordering Number Package type Note 

SY20716PPC CSP1.93x2.05-20  
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Typical Applications          

Host

SDA

SCL

STAT

OTG

VBUS

PMID

VBUS

Battery

Pack

LX

CVBUS

L

CO

ENB

BST

ISEN

VDD

BAT

GND

CPMID

CBST

RSEN

CVDD

 
Figure 1. SY20716 Schematic Diagram 

 
                                           

Pinout (top view) 
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(CSP1.93x2.05-20) 
Top Mark: Mqxyz (device code: Mq, x=year code, y=week code, z= lot number code) 

Pin Name Pin NO. Pin Description 

VBUS A1,A2 Charger input voltage. 

BST A3 High side power MOSFET driver power supply. 

SCL A4 
I2C clock input. Connect an external pull-up resistor according to I2C 

specification. 

PMID B1,B2,B3 
Buck converter input point. Bypass it with a minimum of 4.7µF ceramic 

capacitor to GND. 
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Absolute Maximum Ratings (Note 1) 

VBUS, PMID, STAT, SCL, SDA, OTG, ENB, ISEN, BAT -------------------------------------------------- -0.3V to +18V 

LX ----------------------------------------------------------------------------------------------------------------------- -2V to +18V 

VDD, BST-LX -------------------------------------------------------------------------------------- ----------------- -0.3V to 3.6V 

ISEN-BAT ---------------------------------------------------------------------------------------------------------- -0.5V to +0.5V 

Package Thermal Resistance (Notes 2) 

CSP1.93x2.05, θJA ---------------------------------------------------------------------------------------------- 85 °C/W 

Junction Temperature Range ----------------------------------------------------------------------------------- -40°C to +150°C 

Storage Temperature -------------------------------------------------------------------------------------------- -65°C to +150°C 

Lead Temperature (Soldering, 10s) -------------------------------------------------------------------------------------- +260°C 

Recommended Operating Conditions (Note 3) 

VBUS, PMID, STAT, SCL, SDA, OTG, ENB, ISEN, BAT, LX------------------------------------------------ -0.3V to 6V 

VDD, BST-LX -------------------------------------------------------------------------------------------------------  -0.3V to 3.3V 

ISEN-BAT------------------------------------------------------------------------------------------------------------  -0.5V to 0.5V 

Junction Temperature Range ------------------------------------------------------------------------------------- -40°C to 125°C 

Ambient Temperature Range ------------------------------------------------------------------------------------- -40°C to 85°C 

 

SDA B4 
I2C data I/O. Open-drain output. Connect an external pull-up resistor according 

to I2C specification. 

LX C1,C2,C3 Switching node. 

STAT C4 Open drain output for charge status indicator. Pull low during charging. 

GND D1,D2,D3 Ground pins. 

OTG D4 

Enable Boost regulator with OTG_Enable and OTG_Level_Select bits. During 

faults, a 128us pulse is sent out. On VBUS POR, this pin sets the input current 

limit in default mode. 

ISEN E1 Battery charging current sense positive input. 

ENB E2 Charge enable pin. Active low enables the charger.  

VDD E3 
LDO output for converter power MOSFETs driver. Connect a 1uF ceramic 

capacitor at least to GND. 

BAT E4 Battery charging current sense negative input and battery voltage sense input. 
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Electrical Characteristics 
(VVBUS = 5V, ENB=0, 68mΩ sense resistor between ISEN and BAT pins, TJ=25°C, unless otherwise noted)  

Parameter Symbol Test Conditions Min Typ Max Unit 

Charge Operating Conditions 

VVBUS VBUS Input Voltage Range  4  6 V 

VVBUS_UVLO VBUS under Voltage Lockout VVBUS rising edge 3.05 3.3 3.55 V 

VVBUS_UVLO_HYS 
VBUS under Voltage Lockout 

Hysteresis 
VVBUS falling edge  150  mV 

VINOV Input over Voltage VVBUS rising edge  6.5  V 

VINOV_HYS Input over Voltage Hysteresis VVBUS falling edge  170  mV 

IVBUS VBUS Supply Current Control VVBUS = 5V, PWM not switching   1.5 mA 

Charge Regulation Range and Accuracy 

VBAT_REG 
Charge Voltage Regulation 

Range 
Battery voltage 3.5  4.44 V 

VBAT_REG_ACC 
Charge Voltage Regulation 

Accuracy 
TJ=25°C -0.5  0.5 % 

ICHG_REG 
Charge Current Regulation 

Range 
68mΩ sense resistor 550  1250 mA 

ICHG_REG 
Charge Current Regulation 

Range 
55mΩ sense resistor 608  1550 mA 

ICHG_LOW Low Charge Current 
VSHORT≤VBAT≤VBAT_REG, 

Low_Charge=1 
 325 350 mA 

ICHG_ACC 
Charge Current Reference 

Voltage 

Low_Charge=0, 

ICHG_Reference=000 
36.8  39.4 mV 

Low_Charge=0, 

ICHG_Reference=011 
57.2  60.5 mV 

VRCH 
Battery Voltage Drop for 

Recharge Threshold 
VRCH = VBAT_REG -VBAT 90 120 150 mV 

tRECHG Recharge Deglitch Time VBAT falls below threshold  130  ms 

IIN_LIM Input Current Limit Accuracy 
USB 100mA 83  97 mA 

USB 500mA 450 475 500 mA 

VIIN_LIM 
VBUS Range for Adaptive Input 

Current Limit 
 4.2  4.76 V 

VIIN_LIM_ACC 
VBUS Voltage Regulation 

Accuracy 
Adaptive_IIN_Threshold=100 4.4  4.58 V 

Charge Termination 

ITERM 
Termination Charge Current 

Range 
VBAT>VRCH, VVBUS-VBAT>VASD 50  400 mA 

tTERM 
Deglitch Time for Charge 

Termination 
  30  ms 

ITERM_ACC Termination Current Accuracy 
ITERM=100mA -15  15 % 

ITERM=250mA -10  10 % 
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Parameter Symbol Test Conditions Min Typ Max Unit 

Weak Battery Detection 

VLOWV 
Weak Battery Voltage Threshold 

Range 
 3.4  3.7 V 

VLOWV_ACC Weak Battery Voltage Accuracy  -5  5 % 

VLOWV_HYS Weak Battery Voltage Hysteresis Battery voltage falling edge  100  mV 

Input Source Qualification 

VINUV Poor Input Source Voltage VVBUS falling edge 3.6 3.8 4.0 V 

VINUV_HYS 
Poor Input Source Voltage 

Hysteresis 
VVBUS rising edge  200  mV 

IIN_QUA 
Current Source to GND for Input 

Source Qualification 
During input source qualification  30  mA 

tIN_QUA Qualification Interval During input source qualification  2  s 

Battery Detection 

IBAT_DET 
Battery Detection Current Before 

Charge Done 
Begins after termination detected  -0.5  mA 

tBAT_DET Battery Detection Time   260  ms 

Auto Shutdown 

VASD Auto Shutdown Threshold VVBUS-VBAT falling edge 0 80 100 mV 

VASD_EXIT Exit Auto Shutdown Threshold VVBUS-VBAT rising edge 140 200 260 mV 

VDD 

VVDD Internal Bias LDO Output IVDD=1mA, CVDD=1uF  3.3  V 

IVDD VDD Short Circuit Current Limit   100  mA 

PWM Converter 

RON(RBFET) Blocking FET Rdson   180 250 mΩ 

RON(HSFET) High Side FET Rdson   120 250 mΩ 

RON(LSFET) Low Side FET Rdson   110 210 mΩ 

fSW Swtching Frequency   3.0  MHz 

Charge Mode Protection 

VBAT_OVP Battery OVP VBAT rising edge 110 117 121 %VBAT_REG 

VBAT_OVP_HYS Battery OVP Hysteresis VBAT falling edge  11  %VBAT_REG 

ILIM Cycle-by-cycle Current Limit   2.7  A 

VSHORT Battery Short Threshold VBAT falling edge 1.85 1.95 2.05 V 

VSHORT_HYS Battery Short Hysteresis VBAT rising edge  100  mV 

ISHORT Short Mode Charge Current VBAT<VSHORT  30  mA 

Boost Regulation and Accuracy 

VVBUS_OTG OTG Output on VBUS  4.90 5.05 5.20 V 

IVBUS_OTG Maximum OTG Output Current VVBUS_OTG=5.05V  1  A 

IOTG_LIM Cycle-by-cycle Current Limit VVBUS_OTG=5.05V, 3V<VBAT<4.5V  2.0  A 
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Parameter Symbol Test Conditions Min Typ Max Unit 

VOTG_OVP OTG Output OVP VVBUS rising edge  6.0  V 

VOTG_OVP_HYS OTG Output OVP Hysteresis VVBUS falling edge  160  mV 

VBAT_MAX Battery Voltage Input OVP VBAT rising edge 4.75 4.9 5.05 V 

VBAT_MAX_HYS 
Battery Voltage Input OVP 

Hysteresis 
VBAT falling edge  200  mV 

VBAT_MIN Battery Voltage Input UVP VBAT rising edge  2.9 3.05 V 

VBAT_MIN_HYS 
Battery Voltage Input UVP 

Hysteresis 
VBAT falling edge  400  mV 

 
Boost Output Resistance at HI-Z 

Mode 
ENB=1 or HZ_Mode=1 300   kΩ 

Thermal Regulation and Thermal Shutdown 

TSD Thermal Shutdown Temperature Junction temperature rising edge  155  °C 

TSD_HYS 
Thermal Shutdown Temperature 

Hysteresis 
Junction temperature falling edge  20  °C 

TREG Thermal Regulation Threshold   120  °C 

STAT Output 

VOL Low Level Output Voltage Sink 10mA current   0.55 V 

IST Leakage Current 5V on STAT pin   1 µA 

Logic Level and Timing 

VLOW 
ENB, OTG,SCL,SDA Low Level 

Threshold 
   0.4 V 

VHIGH 
ENB, OTG,SCL,SDA High 

Level Threshold 
 1.2   V 

fSCL     3.4 MHz 

 

 
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: θJA 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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Function Description 

The SY20716 includes multiple functions necessary to 

charge 1-cell Li-Ion and Li-polymer battery pack. A 

high efficiency 3MHz synchronous Buck is integrated 

to control the charge voltage from 3.5V to 4.44V and 

charge current up to 1.55A. The SY20716 also has 

input current limit to avoid the USB crash. The input 

current limit, charge current limit, and charge voltage 

limit are set by internal registers written with I2C. The 

SY20716 also supports OTG function, which can 

support the power to USB port by internal Boost 

regulator. 

The SY20716 has three operation modes: 

1. Charge mode. 

2. Boost mode: Provide 5V power to USB by internal 

Boost regulator with battery input. 

3. High-impedance mode: Both the Boost and 

charger are turned off in this mode. The charger 

enters a low quiescent current state to save power. 

VBUS Detection 

The adapter or USB can be connected as the SY20716 

input. VBUS is the source input pin and is used as the 

input voltage sensing. 

When VVBUS is higher than the UV threshold, the input 

source will be qualified by a 30mA current source. 

The SY20716 will start charging if the input is 

qualified ok. 

If the VVBUS drops below 3.8V, the IC disables the 

current source and set Bad source fault flag in 00H 

register. 

Auto Shutdown 

The IC will auto shut down and enter low-power mode 

if the VVBUS falls below the auto-shutdown threshold 

and above the UV threshold. During auto-shutdown, 

VDD, the blocking FET and PWM are turned off. 

Input Current Limit 

The input current limit can be programmed by 01H 

register, sensed by build-in current sensing circuits. 

When input current is higher than programmed value, 

the IC will reduce the charge current automatically. 

 

Battery Voltage, Battery Current, and Adapter 

Input Voltage Regulation 

The battery voltage regulation is set by 02H register, 

programmed by the host microcontroller through the 

I2C interface.  

The battery current regulation is set by 04H register. It 

is sensed by a resistor connected between the ISEN and 

BAT pins. For a 68mΩ sense resistor, the maximum 

current is 1.25A. For a 55mΩ sense resistor, the 

maximum current is 1.55A.  

The charge voltage and current can’t be programmed 

higher than the safety limit values in 06H. 

The input voltage regulation is set by 05H register, 

sensed by build-in voltage sensing circuits. When 

VVBUS is lower than Adaptive_IIN_Threshold (default 

4.52V), the IC will reduce the charge current 

automatically. 

Battery Detection 

The SY20716 can detect battery, once termination, the 

IC enables a discharge current, IBAT_DET, for a period of 

tBAT_DET (262ms), then checks the battery voltage. If the 

battery voltage is below the recharge threshold after 

tBAT_DET,the battery is absent, the IC will set no battery 

fault flag in 00H register and reset charge parameters 

registers. 

The battery detection is used for ensuring that some 

charge parameters are reset whenever the battery is 

replaced. 

USB Friendly Power up 

If the battery voltage is above the BAT_Weak 

threshold while in default mode, the charger will be in 

the high impedance state.  The default control bits set 

the charge current and regulation voltage low as a 

safety feature to avoid violating USB spec and over-

charging any of the Li-Ion chemistries, while the host 

has lost communication. 

When operating in default mode, the OTG pin logic 

level sets the input current limit to 100mA for logic 

low and 500mA for logic high. In host mode, the input 

current limit is set by register 01H. 

Charge Mode Operation 

Once a good battery with voltage below the recharge 

threshold has been inserted and a good adapter is 

attached, the IC will enter charge mode. In charge 

mode, the IC has five control loops to regulate input 

voltage, input current, charge current, charge voltage 
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and device junction temperature. During the charging 

process, all five loops are enabled and the one that is 

dominant takes control. The IC supports a precision Li-

ion or Li-polymer charging system for single-cell 

applications. 

During the normal charging process with host control, 

once the voltage at the BAT pin is above the battery 

recharge threshold for the 30ms deglitch period, and 

the charge current is below the ITERM threshold, the 

termination is detected, the IC turns off the PWM 

charge and enables battery detection.  

The termination current level is programmable. To 

disable the charge current termination, the host can set 

the charge termination bit (Termination_Enable) of 

charge control register to 0. 

A new charge cycle will be initiated when one of the 

following conditions is detected: 

 The battery voltage falls below the recharge 

threshold. 

 VBUS Power-on reset (POR), if battery 

voltage is below the weak battery threshold. 

 ENB bit toggle or RESET bit is set (Host 

controlled). 

Battery Protection in Charge mode 

Battery over voltage protection protects the device. The 

battery and the system will component from damage if 

the battery voltage goes too high, especially when the 

battery is removed suddenly. When OVP is detected, 

the IC will turn off the PWM and set flag fault bits. 

The charger will recovery when the fault condition is 

removed. 

When the battery voltage is lower than VSHORT, the IC 

will turn off the PWM, the battery will be charged by a 

30mA current. 

Boost Mode Operation 

In host mode, when OTG pin is high (and OTG_Enable 

bit is high thereby enabling OTG functionality) or the 

operation mode bit (OPA_MODE) is set to 1, the IC 

will operate in Boost mode and deliver the power to 

VBUS from the battery. In normal Boost mode, IC 

converts the battery voltage to VVBUS_OTG (about 5.05V) 

and delivers a current as much as IBUS_OTG (about 1A) 

to support other USB OTG devices connected to the 

USB connector. 

Different from charge mode operation, in Boost mode, 

the IC provides an integrated, fixed 3 MHz frequency 

controller to regulate the output voltage at PMID pin 

(VPMID). In Boost mode, the blocking FET prevents 

battery discharge when VBUS pin is over loaded.  

To prevent the inductor saturation and limit the inrush 

current, a soft-start control is applied during the Boost 

start up. 

Protection in Boost Mode 

The IC provides a built-in over-voltage protection to 

protect the device and other components against 

damage if the VBUS voltage goes too high. When an 

over-voltage condition is detected, the IC will turn off 

the PWM converter, reset OPA_MODE bit to 0, set 

fault status bits, and send out a fault pulse from the 

STAT pin. Once VVBUS drops to the normal level, the 

Boost will start after host sets OPA_MODE to “1” or 

OTG pin stays in active status. 

The IC provides a built-in over-load protection to 

prevent the device and battery from damage when 

VBUS is overloaded. Once the over-load condition is 

detected, Q1 will operate in linear mode to limit the 

output current. If this condition lasts for more than 

30ms, the over-load fault will be detected. When an 

over-load fault is detected, the IC will turn off the 

PWM converter, reset OPA_MODE bit to 0, set fault 

status bits and send out fault pulse in STAT pin.  

In Boost mode, when the battery voltage is above the 

battery over voltage threshold, VBAT_MAX, or below the 

minimum battery voltage threshold, VBAT_MIN, the IC 

will turn off the PWM converter, reset OPA_MODE 

bit to 0, set fault status bits and send out fault pulse in 

STAT pin. Once the battery voltage goes above 

VBAT_MIN, and below VBAT_MAX, the Boost will start 

after the host sets OPA_MODE to “1” or OTG pin 

stays in active status. 

PFM 

IC will automatically decrease the switching frequency 

at light load condition to achieve high efficiency.  

Spread Spectrum 

The spread spectrum mode can only be enabled in 

charge mode. The purpose of the spread spectrum 

clock modulation is reducing EMI in charge mode. In 

charge mode, the switching frequency is not fixed to 

3MHz, but shifted by +/-10% in 1ms, the energy of the 

switching converter’s EMI is distributed over a wider 

range of frequencies thereby lowering the magnitude of 

EMI at 3 MHZ +/-10% as well as harmonic frequencies. 



 

SY20716 
  

DS_SY20716 Rev.0.9A                     Silergy Corp. Confidential- Prepared for Customer Use Only                 9 

© 2018 Silergy Corp.                                                                                                              All Rights Reserved. 

Factory Test Mode 

The factory mode can only be enabled in charge mode, 

whether the battery is present or not. This can be set 

through I2C Reg05 bit6. Setting the factory mode bit 

enables the following changes: 

 Output current limit is disabled, while Idpm 

still works unless disabled by host. 

 Cycle-by-cycle peak current limit threshold 

in charge mode is doubled 

High Impedance (Hi-Z) Mode 

Taking the ENB pin high causes the charger to enter 

Hi-Z mode. 

When in default mode and the ENB pin is low, the 

charger will automatically enter Hi-Z mode if 

1. VVBUS > VVBUS_UVLO and a battery with VBAT > 

VLOWV is inserted 

2. VVBUS falls below VVBUS_UVLO. 

When in host mode and the ENB is low, the charger 

can be placed into Hi-Z mode if the HZ-Mode control 

bit is set to “1” and OTG pin is not in active status.  

In order to exit Hi-Z mode, the ENB pin must be low, 

VVBUS must be higher than VVBUS_UVLO and the host 

must write a "0" to the HZ-Mode control bit. 

Thermal Shutdown Protection (TSD) 

When the junction temperature exceeds 155oC, thermal 

shut down will be detected, PWM will be turned off. 

Charging will recover when TJ falls below 135 °C. 

Status Output 

The STAT pin is used for indicating operation status. 

STAT will be pulled low during charging when 

STAT_Enable bit in control register (00H) is set to “1”. 

Under other conditions, STAT pin behaves as a high 

impedance (open-drain) output. Under fault conditions, 

a 128-µs pulse will be sent out to notify the host. The 

status of STAT pin at different operation conditions is 

summarized in below table. The STAT pin can be used 

for driving an LED or communicate to the host 

processor. 

 

 

 

 

 Charge Status STAT 

Charge in progress and STAT_Enable=1 Low 

Other normal conditions Open-drain 

Charge mode faults: Auto shutdown, VBUS or battery overvoltage, poor 

input source, VBUS UVLO, no battery, thermal shutdown 
128µs pulse, then open-drain 

Boost mode faults: Over load, VBUS or battery overvoltage, low battery 

voltage, thermal shutdown 
128µs pulse, then open-drain 

I2C Interface 

The SY20716 uses I2C compatible interface for flexible charging 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 a slave. 

The SY20716 operates as a slave device with address 6AH, receiving control inputs from the master device 

like micro controller or a digital signal processor. The I2C interface supports both standard mode (up to 100kbps), 

fast mode (up to 400kbps),and high speed mode (up to 3.4Mbps in write mode). 

Both SDA and SCL are bi-directional lines, connecting to the positive supply voltage via a current source or pull- up 

resistor. When the bus is free, both lines will be HIGH. The SDA and SCL pins will be open drain. 
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F/S Mode Protocol 

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 to transfer. 

  

Figure 2. Bit Transfer on the I2C Bus 

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 SCL 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 free after the STOP condition. 

 
Figure 3. START and STOP Conditions 

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.  
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Figure 4. Data Transfer on the I2C Bus 

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 is 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. 

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 zero indicates a transmission (WRITE) and a one indicates a request for data (READ). 

 
Figure 5. Complete Data Transfer 

H/S Mode Protocol 

When the bus is idle, both SDA and SCL lines will be pulled high by the pull-up devices. 

The master generates a START condition followed by a valid serial byte containing HS master code 00001XXX. 

This transmission is made in F/S-mode at no more than 400Kbps. No device is allowed to acknowledge the HS 

master code, but all devices must recognize it and switch their internal setting to support 3.4-Mbps operation. 

The master then generates a repeated START condition(a repeated START condition has the same timing as the 

START condition). After this repeated START condition, the protocol is the same as F/S-mode, except that 

transmission speeds up to 3.4Mbps are allowed. A STOP condition ends the HS-mode and switches all the internal 

settings of the slave devices to support the F/S-mode. Instead of using a STOP condition, repeated START 

conditions should be used for securing the bus in HS-mode. If a transaction is terminated prematurely, the master 

needs sending a STOP condition to prevent the slave I2C logic from getting stuck in a bad state. 

Attempting to read data from register addresses not listed in this section results in FFh being read out. 

I2C Update Sequence 

The IC requires a START condition, a valid I2C address, a register address byte, and a data byte for a single update. 

After the receipt of each byte, the IC acknowledges by pulling the SDA line low during the high period of a single 

clock pulse. A valid I2C address selects the IC. The IC performs an update on the falling edge of the acknowledge 

signal that follows the LSB byte. 
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For the first update, the IC requires a START condition, a valid I2C address, a register address byte, and a data byte. 

For all consecutive updates, the IC needs a register address byte, and a data byte. Once a STOP condition is received, 

the IC will release the I2C bus, and will await a new START conditions. 

 

 
Figure 6.  Bus Protocol 

Register Description 

Battery Charger Registers 

The SY20716 supports seven battery-charger registers that use either Write-Word or Read-Word protocols, as 

summarized in Table 1. 03H are “read only” registers and can be used for identifying the SY20716. 

Table 1. Battery Charger Register Summary 

Register 

Address 
Register Name Read/Write Default 

00H Status/Control Register Read or Write x1xx 0xxx 

01H Control Register Read or Write 0011 0000 

02H Control/Battery Voltage Register Read or Write 0000 1010 

03H Vendor/Part Number/Rev Register Read only 0101 0xxx 

04H Constant/Termination Charge Current Register Read or Write 0000 0001 

05H Adaptive IIN Threshold /ENB pin status Register Read or Write 000x x100 

06H Safety Limit Register Read or Write 0100 0000 
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Table 2. Status/Control Register (00H) 

Bit Bit Name R/W Description 

7 OTG R OTG status, 0: OTG pin is low, 1: OTG pin is high 

6 STAT_Enable R/W 
0: Disable STAT pin function 

1: Enable STAT pin function (default) 

5:4 Status R 

00: Ready 

01: Charge in progress 
10: Charge done 

11: Fault 

3 Boost R 
1: In Boost mode 

0: Not in Boost mode 

2:0 Fault R 

Charge mode 

000: Normal, 001: VBUS OVP, 010: Auto Shutdown, 011: Bad Input Source or 

VBUS UVLO 
100: Output OVP, 101: Thermal shutdown, 110: NA, 111: No battery 

Boost mode 

000: Normal, 001: VBUS OVP, 010: Over load, 011: Battery voltage is too low, 
100: Battery OVP, 101: Thermal shutdown, 110: NA, 111: NA 

 

Table 3. Control Register (01H) 

Bit Bit Name R/W Description 

7:6 IIN_Limit R/W 

00: USB input with 100mA current limit (default) 

01: USB input with 500mA current limit 
10: USB input or Adapter with 800mA current limit 

11: No input current limit 

5:4 BAT_Weak R/W 

00: 3.4V battery weak threshold 

01: 3.5V battery weak threshold 

10: 3.6V battery weak threshold 
11: 3.7V battery weak threshold (default) 

3 Termination_Enable R/w 
0: Disable charge current termination (default) 
1: Enable charge current termination 

2 Charge_Disable R/W 
0: Enable charger (default) 
1: Disable charger 

1 HZ_Mode R/W 
0: Not high impedance mode (default) 
1: High impedance mode 

0 OPA_Mode R/W 
0: Charger mode (default) 
1: Boost mode 

 

 

Table 4. Control/Battery Voltage Register (02H) 

Bit Bit Name R/W Description 

7:2 Charge_Voltage R/W 

000000: 3.50V charge voltage (step is 20mV) 
000001: 3.52V charge voltage  

000010: 3.54V charge voltage (default) 

000011: 3.56V charge voltage 
…… 

101111: 4.44V charge voltage 

…… 
111111: 4.44V charge voltage 

1 OTG_Level_Select R/W 0: OTG pin active low  
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Bit Bit Name R/W Description 

1: OTG pin active high (default) 

Not applicable to OTG pin control of current limit at POR in host mode. 

0 OTG_Enable R/W 
0: Disable OTG (default) 
1: Enable OTG 

Not applicable to OTG pin control of current limit at POR in host mode. 

 

 

Table 5. Vendor/PN/Rev Register (03H) 

Bit Bit Name R/W Description 

7:5 Vendor_Code R 010: Identify Silergy as the supplied 

4:3 PN R 10: SY20716 

2:0 Revision R 
001: Revision 0.0 
010-111: Future Revisions…… 

 

Table 6. Constant/Termination Charge Current Register (04H) 

Bit Bit Name R/W Description 

7 Reset R/W W: write 1 to reset some charge parameters. 

6:4 ICHG_Reference R/W 

000: 37.4mV for charge current regulation (default) (step is 6.8mV) 

001: 44.2mV for charge current regulation  

010: 51.0mV for charge current regulation 

…… 
111: 85mV for charge current regulation 

3 NA R/W Not used, 1 default 

2:0 ITERM_Reference R/W 

000: 3.4mV for termination current (step is 3.4mV) 
001: 6.8mV for termination current (default) 
010: 10.2mV for termination current 
…… 
111: 27.2mV for termination current 

 

Table 7. Adaptive Iin Threshold/ENB pin status Register (05H) 

Bit Bit Name R/W Description 

7 NA R/W Not used, 0 default 

6 FAC_MODE R/W 
0:Disable factory test mode(default) 
1:Enable factory test mode 

5 Low_Charge R/W 
0: Normal charge current reference at 04H(default) 
1: 22.1mV low charge current reference  

4 Adaptive_IIN_Limit R 
0: Adaptive current limit or input current limit is not active 
1: Adaptive current limit or input current limit is active 

3 ENB_Status R 0: ENB Pin is low NA 
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Bit Bit Name R/W Description 

1: ENB Pin is high 

2:0 Adaptive_IIN_Threshold R/W 

000: 4.20V special charge voltage 
001: 4.28V special charge voltage 
…… 

100: 4.52V special charge voltage (default) 
…… 

111: 4.76V special charge voltage 

NA 

 
 

Table 8. Safety Limit Register (06H) 

Bit Bit Name R/W Description 

7:4 MAX_Charge_Current R/W 

0000: 37.4mV for max charge current reference (step is 6.8mV) 

0001: 44.2mV for max charge current reference 

…… 
0100: 64.6mV for max charge current reference (default) 

…… 

1010: 105.4mV for max charge current reference 
…… 

1111: 105.4mV for max charge current reference 

3:0 MAX_Charge_Voltage R/W 

0000: 4.20V maximum charge voltage (default) (step is 20mV) 
0001: 4.22V maximum charge voltage 
…… 
1100: 4.44V maximum charge voltage 

…… 

1111: 4.44V maximum charge voltage 

The Safety Limit Register is reset when VBAT drops below VSHORT. After reset, the limit values can be programmed , 

and any writing  to other register locks the safety limits. The values in 02H (charge voltage) and in 04H (charge 

current) higher than the safety limit will be ignored. 
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Typical Performance Characteristics  

TA=25°C, VVBUS=5V, RSEN=55mΩ, 1cell battery, unless otherwise specified.       

Efficiency vs. Charge Current (CV mode)
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Efficiency vs. Charge Voltage (CC mode)
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Time (100ms/div)

Power On

VLX          5V/div

IBAT       0.5A/div

VVDD       2V/div

VVBUS       2V/div

（VVBUS=5V VBAT=3.4V host Mode）

                             
Time (100ms/div)

ENB On

VLX          5V/div

IL      1A/div

VVDD       2V/div

VENB       2V/div

（VVBUS=5V VBAT=3.4V host Mode）

 

    
Time (0.2ms/div)

Charger Soft Start

VLX          5V/div

IL      1A/div

（VVBUS=5V VBAT=3.4V ICHG=1.55A host Mode）

                           
Time (100ms/div)

Boost To Charge Mode Transition

VLX          10V/div

IL      2A/div

（VBUS connects 4.5V power supply, VBAT=3.6V OTG Control）

VVBUS          2V/div

VOTG          5V/div
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Time (1μs/div)

Constant Current Charge State

VLX           5V/div

IL       0.5A/div

VBAT       2V/div

VVBUS       1V/div

（VVBUS=5V VBAT=3.2V Low charge 402mA）

                           
Time (1μs/div)

Constant Current Charge State

VLX           5V/div

IL           0.5A/div

VVBUS           2V/div

VBAT           2V/div

(VVBUS=5V VBAT=3.2V ICHG=1.55A)

 

Time (10μs/div)

Boost Mode Light Load State

VLX           5V/div

IL           0.5A/div

ΔVVBUS          100mV/div

(VBAT=3.6V IBUS=0.05A)

                           
Time (0.4μs/div)

Boost Mode Full Load State

VLX           5V/div

IL           1A/div

ΔVVBUS          50mV/div

(VBAT=3.6V IBUS=1A)

 

 

Time (4ms/div)

Boost Mode Load transient

IBUS           0.5A/div

ΔVVBUS     200mV/div

(VBAT=3.6V IBUS=0.1A~1A)

                   

Efficiency vs. Load current (Boost mode)
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Applications Information 

The following battery charger design refers to the 

“Schematic Diagram” (see Figure 1.). This section 

describes how to select the external components 

including the inductor, input and output capacitors, and 

sense resister. 

Charging Current Sense Resistor RSEN 

Both the termination current and the charge current 

depend on the sense resister RSEN. The reference 

voltage range for termination current is 3.4mV to 27.2 

mV, the reference voltage range for charge current is 

37.4mV to 85mV. 

The termination current is calculated as below: 

VTERMI =TERM
R

SEN

                            Unit: mΩ 

While the VTERM is set by register04, Bit [2:0].  

The charge current will be calculated as below: 

V
CHGI =

CHG R
SEN

                                Unit: mΩ 

While the VCHG is set by register04, Bit [6:4] . 

For example,   RSEN=55mΩ: 

The constant current is 

REG04[6:4] VCHG/mV ICHG/mA  

000 37.4 680 

001 44.2 804 

010 51 927 

011 57.8 1051 

100 64.6 1175 

101 71.4 1298 

110 78.2 1422 

111 85 1545 
 

The termination current is 

REG04[2:0] VTERM/mV ITERM/mA  

000 3.4 62 

001 6.8 124 

010 10.2 185 

011 13.6 247 

100 17 309 

101 20.4 371 

110 23.8 433 

111 27.2 495 

Inductor Selection 

Higher switching frequency allows the use of smaller 

inductor and capacitor values. Inductor saturation 

current should be higher than the charging current 

(ICHG) plus half the ripple current (IRipple): 

1

2
SAT CHG Ripple

I I I                  

The inductor ripple current depends on input voltage 

(VVBUS), duty cycle (D = VBAT/VVBUS), switching 

frequency (fSW) and inductance (L): 

(1 )VBUS
Ripple

SW

V D D
I

f L

  



 

The maximum inductor ripple current happens with D 

= 0.5 or close to 0.5. Usually inductor ripple is 

designed in the range of (20-40%) maximum charging 

current as a trade-off between inductor size and 

efficiency for a practical design. 

Output Capacitor Selection 

The output capacitor in parallel with the battery is used 

for absorbing the high frequency switching ripple 

current and smooth the output voltage. The RMS value 

of the output ripple current IRMS is calculated as follow. 

(1 )
2 3

VBUS
RMS

SW

V
I D D

L f
   

 
 

Where the duty cycle D is the ratio of the output 

voltage (battery voltage) over the input voltage for 

CCM mode which is typical operation for the battery 

charger.  

A typical 20μF ceramic capacitor is a good choice to 

absorb this current and also has very small size.  

Input Capacitor Selection 

The input capacitor absorbs input ripple current from 

the Buck converter, which is given by below equation. 

( )
BAT VBUS BAT

RMS CHG

VBUS

V V V
I I

V

 
         

This RMS ripple current must be smaller than the rated 

RMS current in the capacitor datasheet. Non-tantalum 

chemistries (ceramic, aluminum, or OSCON) are 

preferred due to their resistance to power-up surge 

currents when the AC-adapter is plugged into the 

battery charger. For Notebook battery charger 

applications, it is recommended that ceramic capacitors 

or polymer capacitors be used due to their small size 

and reasonable cost.  
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Layout Design 

The layout design of SY20716 is relatively simple. 

For the best efficiency and minimum noise problems, 

the following components should be placed close to 

the IC: CVBUS, CPMID and CBST.  

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) CVBUS, CPMID and CBST must be close to IC. 

3) The loop area formed by CPMID and GND must 

be minimized. The PCB copper area associated 

with LX pin must be minimized to avoid the 

potential noise problem.  The picture below is 

the recommended layout design of L, CVBUS, 

CPMID and CBST. 

  .  

LX

VBUS CPMID

CBST

GND

Top layer
    Bottom layer

LX

 

4) The sense resistor should be adjacent to the 

junction of the inductor and output capacitor, the 

routes from sense leads on the sense resistor 

back to the IC should be close to each other to 

minimize loop  area,  please don’t route the sense 

leads through a high current path. The picture 

below is the recommended layout design. 

    

Top layer
    Bottom layer

RSEN
L

ISEN BAT
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CSP1.93x2.05-20 Package Outline Drawing 

 

                   
 

Top view       Side view 

 

 

Bottom view 
 

Notes:  All dimension in millimeter and exclude mold flash & metal burr 

 



     

SY20716 
  

DS_SY20716 Rev.0.9A                     Silergy Corp. Confidential- Prepared for Customer Use Only                 21 

© 2018 Silergy Corp.                                                                                                              All Rights Reserved. 

 

 

Reel

Size

Taping & Reel Specification 
 

1. CSP1.93x2.05  

 

 

 

 

 

 

 

               

          Feeding direction 

 

2. Carrier Tape & Reel specification for packages             

 

 

 

 

 

 

 

 

 

Package types 
Tape width 

(mm) 

Pocket 

pitch(mm) 

Reel size 

(Inch) 

Trailer 

length(mm) 

Leader length 

(mm) 
Qty per reel 

CSP1.93*2.05 8 4 7" 400 160 3000 

 

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  
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