SY 1664

High Current Over Voltage Protection Switch with
High Current Bi-directional DC/DC Regulator And Capacitance Measurement

General Description Features

SYT664 is a power management IC for the applications
of power backup in Solid-State Driver or other backup
power supplies which can achieve backup power
storage and release functions. The energy is transferred
bi-directionally between the BUS side and the energy
storage side with high efficiency by bi-directional
DC/DC regulator. Fast transient response and excellent
stability are achieved by the quasi-fixed frequency
constant off time control strategy.

A reverse blocking switch is integrated at the input side
to prevent from energy leaking when the input power
source is removed or inserted with inverse polarity.
The reverse blocking switch also has the programmable
current limit function with the program range from
1.2A to 6.2A. Three different BUS over voltage
protection (OVP) thresholds are selectable by OVP pin
for the applications with different kind of input power
source.

I2C interface is internally integrated in SYT664 to
reduce the amount of external components. Control
parameters such as input current limit, switching
frequency, and boost peak current limit can be
programmed by 12C.

Storage capacitance measurement and abnormal
storage capacitor ESR detection circuit are integrated
inside of SYT664. The measurement results are stored
in internal read only data registers for MCU reading by
I2C interface.

SYT664 along with QFN4>4-25 package provides
compact PCB layout to save circuit area for the
increase of SSD memory capacity.

Ordering Information

SYT664 C1(O )OI
L Temperature Code
Package Code

Low Rps(ony for Internal Switches

- Input Reverse Blocking Switch: 24mQ
(Typical)

- High-side and Low-side Switches of Bi-
directional DC/DC Regulator: 70mQ /70mQ
(Typical)

- Disconnect Switch: 40mQ (Typical)

2.6V-16V Input Voltage Range

Storage Voltage Rating Up to 36V

Programmable Input Current Limit from 1.2A to

6.2A

Selectable Over Voltage Protection: 3.8V, 5.7V,

and 13.3V

Reverse Blocking at Input Side to Prevent From

Leakage Current

Programmable Reverse Blocking Switch Turn On

Delay Time

Programmable Reverse Blocking Switch Soft-start

Time

Integrated High-efficiency Bi-directional DC/DC

Regulator: Boost Charging Mode and Buck

Discharging Mode Auto-alternating According to

the Programmed BUS Voltage Detection and

Regulation Level

Programmable Quasi-Fixed Frequency Constant

OFF Time Control for Steady-State Operation

Programmable Boost Charging Peak Current and

Adaptive Charging Current Fold-back

Programmable Storage Voltage

MTP(Multi-Times Programming) Available for

Control Parameters Programming by 12C

Short-circuit Protection at Energy Storage Side

Storage Capacitance Measurement and Abnormal

ESR Detection

Enable Control

RoHS Compliant and Halogen Free

Compact Package: QFN4>4-25

Optional Spec Code

Applications

Ordering Number
SYT664RGC

Package type Note

QFN4>4-25 e Solid-state Drivers

e Backup Power Supply
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SYT664

Typical Applications
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Figurel. Schematic Diagram
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SYT664

Pinout (top view)
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VCC STR STR STR

(QFN4>4-25)
Top Mark: BJRxyz (device code: BJR, x=year code, y=week code, z= lot number code)

FBS

BUSPG

STRPG

BST

SS

FBD

PGND

Pin Name | Pin Number Pin Description
FBR 1 Buck mode regulation _voltag_e feedbgck pin. Using external _ resistor divider to
program the buck regulation point. The internal voltage reference is 0.6V.
SCL 2 I2C interface clock pin.
SDA 3 I2C interface data pin.
Output clamp voltage selection for the applications with different input voltage. Pull
OVP pin to IN directly to have HIGH logic, or pull OVP pin to GND directly to have
LOW logic, or float OVP Pin to select different output clamping thresholds.
OVP IN leamping Threshold
OVP 4 Min 'Typ Max
Low 3.3V Over 4V 3.6V 3.8V 4.0V
High 5V Over 6V 5.4V 5.7V 6.0V
Float 12V Over 14V 12.6V 13.3vV 14V
SGND 5 Signal Ground pin.
I2C address selection pin. Pull ADR pin to HIGH by connecting a resistor to IN, or
ADR 6 pgll ADR pin to LOW by conn_ec?ing a resigtor to ground, or flo_at ADR Pin to se_let_:t
different 12C address. If ADR pin is pulled high, the 1°C address is 59H. If ADR pin is
pulled low, the 1°C address is 5AH. If ADR pin is floated, the 12C address is 5BH;
Reverse blocking switch turn on delay time program pin. Connect a capacitor to GND
DLY 7 to program reverse blocking switch turn-on delay time. The approximate
programming formula is: tpLy=Cpy>2.8 x<10°.
Energy storage capacitor voltage feedback pin. Connect resistor divider to this pin to
FBS 9 program the storage voltgge. The interr_1a| reference is 1.2V. If the resistor conr_1ected
between FBS and GND is R1, the resistor connected between STR and FBS is R2,
then the programmed STR voltage is Vsrr=1.2(1+R2/R1).
BUS voltage power good indicator pin. This pin is an open drain output. BUSPG is
BUSPG 10 pulled low if voltage on FBD pin falls below 0.6V, and is pulled high when voltage on
FBR pin exceeds 0.63V.
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SYT664

STR voltage power good indicator pin. This pin is an open drain output. STRPG is

STRPG 11 pulled low if voltage on FBS pin falls below 1.08V, and is pulled high when voltage
on FBS pin exceeds 1.17V.

BST 12 Boost-Strap pin for bi-directional DC/DC converter to supply high side FET’s gate
driver. Connect a MLCC cap at least 0.1uF from this pin to LX.

sS 13 Reverse blocking switch soft start program pin. Using external capacitor to program
the soft start time.
Buck mode detection feedback pin. The bi-directional converter will enter buck mode

FBD 14 when voltage on FBD falls to below 0.6V. Using external resistor divider to program
the buck mode detection point.

PGND 15,22 Power Ground pin.

STR 16.17.18 E_nergy storage capacitor pin. Connect to the energy storage capacitor. Decouple this

Y pin to GND with at least lJuF MLCC cap.

VCC 19 Output of internal 3.3V LDO. Decouple this pin to GND with at least 0.1uF MLCC
cap.

BD 20 Connect to the Drain of internal Disconnect FET. Also the input pin of step down
DC/DC converter. Decouple this pin to GND with at least 2.2uF MLCC cap.

LX 21 Switching node pin. Connect to external inductor.

ENA 23 Ena}ble Control for both reverse blo_cking switc_h and bi—direc';ional converter. High
logic to enable the part. It has OR logic with the internal ENA bit.

BUS 24 BUS voltage output pin. Decouple this pin to GND pin with at least 22uF MLCC cap.

IN 25 Input power supply. Decouple this pin to GND with at least 0.1uF MLCC cap.

Absolute Maximum Ratings (Note 1)

STR, BD, LX, BST, FBS -0.3V to 38V
IN, BUS, BUSPG, OVP, STRPG, DLY, ADR, FBD, FBR, ENA, BD-STR -0.3V to 18V
SS, SCL, SDA ---0.3V to 6V
VCC, BST-LX -0.3V to 4V
Power Dissipation, PD @ TA = 25T QFN4>4-25 1.5wW
Package Thermal Resistance (Note 2)

0 JA 82<C/W

0 JC 10.7<C/W
Junction Temperature Range 150<C
Lead Temperature (Soldering, 10 sec.) 260<C
Storage Temperature Range -65C to 150C
Recommended Operating Conditions (Note 3)
STR, BD, LX, BST, FBS -0.3V to 36V
IN, BUS, BUSPG, OVP, STRPG, DLY, ADR, FBD, FBR, ENA, BD-STR -0.3V to 16V
SS, SCL, SDA -0.3V to 5V
VCC, BST-LX -0.3V to 3.3V
Junction Temperature Range -40C to 125<C
Ambient Temperature Range -40<C to 85C
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SYT664

Electrical Characteristics

(Vin =5V, Vsys =5V, L = 4.7H, Vep=Vcstr=12V, Ta = 25<C, unless otherwise specified)

Parameter | Symbol [ Test Conditions | Min [ Typ | Max | Unit
OVP Switch Part
Input Voltage Range Vin 2.6 16 V
Input UVLO Rising
Threshold Vovior 2:5 2.6 v
Input UVLO Hysteresis VuvLoHys 300 mV
On Resistance of Reverse
Blocking FET Roson)r 24 | 30 | mQ
Reverse Blocking Current Ire V|N:(2V, Veus=16V, 2 5 PA
Vena=0V
Bias Current IgiAs V|N=5V, Vencon=0V 750 lJA
Reverse blocking Range VRre 16 V
OVP=LOW 3.6 3.8 4.0 \Y
Clamping Output Voltage Veir OVP=HIGH 5.4 5.7 6.0 V
OVP=Float 12.6 13.3 | 14.0 \Y
Switch Turn On Delay Time | tpry CpLy=105nF(Note 5) 29.4 ms
Soft-start Time Tss Css=105nF(Note 6) 14.7 ms
Current Limit Program
Range lLim 1.2 6.2 A
Current Limit Accuracy -10%l . 1m
VBUSPGH VEBR Rising 0.63 V
BUSPG Threshold VausoL Vreo Falling 06 v
Internal LDO Output vV Vin>3.3V 3.3 V
\oltage vee Vin<=3.3V Vin
: VENnAH 15 \Yj
ENA Logic VenaL 0 v
Bi-Directional DC/DC Regulator Part
Operation Voltage Range Vsusop 2.6 16 \Y
BUS Operation Rising
UVLO Threshold Veusuvio 22 24 | 26 |V
BUS Operation UVLO
Hysteresis Vausrvs 0.25 v
Buck Operation Voltage
Range P g VsTror 2.6 36 \Y
Boost Minimum Peak
Current lewin 300 mA
Switching Frequency fswast SF[1:0]=01 500 kHz
LSFET Min ON Time torFMINL 80 ns
. . lemin>1A 80 ns
HSFET Min ON Time tON,MlNL |PM|N<1A 20 ns
Boost OVP Threshold VovpasT Vegs Rising 1.2 V
Boost OVP Release Vess Falling
Threshold Voveest 117 v
VMCHGH VEBR Rising 0.62 0.635 0.65 V
Mode Change Threshold VMcHGL VEeBD Falling 0.588 0.6 0.612 V
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SYT664

Buck Detection Voltage
Reference VBuck_DET 0.588 0.6 | 0.612 \Y
Buck Regulation Voltage
Reference VBUCK_REG 0.593 0.6 | 0.607 \Y
Maximum Buck Peak 8 A
Current

VsTRPGH VEBs Rising 1.17 V
STRPG Threshold Vz— Virss Falling 108 v
STR Short Circuit Threshold | Vsrrsc 0.7 V
Pre-charge Current lprecHc 175 mA
Robs(on) of High Side FET Rbs(on)H1 50 70 80 mQ
Robs(on) of Low Side FET Roson)L1 50 70 80 mQ
Robs(on) of Disconnect FET Robsonp 37 mQ
Capacitance Measurement Part
Capacitance  Measurement DCP[7:6]=11
Discharge Current Ipiscraree 20 mA
Internal Counter Clock fok 500 Hz
Abnormal ESR Detection | 1 A
Discharge Current ESR
Thermal Shutdown
Temperature Tso 150 T
Thermal Recovery
Hysteresis Trvs 15 T

Note 1: Stresses beyond “Absolute Maximum Ratings” may cause permanent damage to the device. These are for
stress ratings. Functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may affect

device reliability.

Note 2: 0 ;a is measured in the natural convection at Ta = 25<C on a low effective single layer thermal conductivity
test board of JEDEC 51-3 thermal measurement standard. Exposed pad of QFN4x4-25 packages is the case position

for 0 JC measurement.

Note 3: The device is not guaranteed to function outside its operating conditions.

Note 4: Vsrr.p is programmed STR voltage.

Note5: Recommended Delay Time Program Table

DLY cap (nF) None 10 55 105
Delay time (ms) | 1.4 2.8 15.4 29.4
Note6: Recommended Soft-start Time Program Table
SS cap (nF) None 10 55 105
Rise time (ms) 1 1.4 7.7 14.7
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SYT664

Recommended Formula for Css & Soft-start Time Calculation
Tss ours Noexternal Cyg
Tés = (:ss

hNT_SS

! TSS > TSS_DLT

Where, TSS_DLT is the internally fixed default soft-start time, about 1ms, which means there’s no any external Css;
linT_ss is the internal current source, about 7.2uA.

Note 7: The typical value of thermal shut down recovery hysteresis is design guaranteed. Recommend to leave
enough margin for the application design consideration.
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Control Parameters Programming Block Diagram, Register and
Data

Block Diagram

I°C Registers

CTRL[0]
Control Reg ADDR: 00H (Write Enable)

Slave Device ADDR: o CTRL[2]

_S9H Control Reg DATA R
(5AH if ADR is low,
5BH if ADR is floating)
Y
i Data Load Switch Control Parameter
. o | Programm Reg ADDR: 01H >

\ i Reg|Ste rs Load Switch Control Parameter |

Programm Reg DATA

Data ReadOnly Reg ADDR: 07H

Data ReadOnly Reg DATA DC-DC Converter Control
Parameter Programm Reg
ADDR: 02H

DC-DC Converter Control

Parameter Programm Reg
Data ReadOnly Reg DATA DATA

\

\j

Data ReadOnly Reg ADDR: 08H

A

Data ReadOnly Reg ADDR: 09H BUS Voltage Programm Reg

Data ReadOnly Reg DATA g | ADDR: O3H >
BUS Voltage Programm Reg .
) MTP
Data
Vpis1 Programm Reg ADDR: o
STR Capacitor Discharge Time _ | 04H o

A

(07H and 08H)
STR ESR Condition;

Vpis1 Programm Reg DATA

(09H)
Vpis2 Programm Reg ADDR:
_ | osH -
Vpis2 Programm Reg DATA -t
Control
Parameters Switching Frequency and

Input Current Limit

Boost Peak Current

Capacitance Measurement
Programm Reg ADDR: 06H

Switching Frequency and

A

Capacitance Measurement
Programm Reg DATA

ENA

ENCON

Buck Off Voltage -

Discharge Current

VDISl

VDISZ

Figure3. Block Diagram

NOTE: Internal current source discharge STR capacitor during capacitance measurement. The counter starts
counting when STR voltage falls to Vpis1 and stops counting when STR voltage falls to Vpis».
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Control Parameters Programming Sequence

SYT664

Sequence of Writing DATA to I°C Registers

Slave Device ADDR »  |°C Written Reg ADDR

I>C Written Reg DATA

Sequence of Writing Register DATA to MTP

Slave Device ADDR >

Control Reg ADDR
(O0OH)

\

Control Reg DATA
(01H)

NoTE: All the data in 1°C registers is written to MTP when CTRL[0] is set to 1. All the data reserved in MTP is
loaded to I°C registers when IC power up. Please make sure CTRL[2] is 0 before writing data to MTP.

Reaqister and Data

€ Slave Device Address: 59H(5AH or 5BH)+W/R
€ MTP Control Register Address: 00H

BIT | | DESCRIPTION

MTP Read/Write and MUX Selection Control

Bit7 [CTRL[7] [Reserved

Bit6 |[CTRL[6] [Reserved

Bit5 [CTRL[5] |Reserved

Bit4 [CTRL[4] |Reserved

Bit3 |CTRL[3] |Reserved

Bit2 [CTRL[2] |MTP Writing Status, Read Only
CTRL[2]=1: MTP Writing Busy
CTRL[2]=0: MTP Writing NOT Busy

Bit1 |CTRL[1] [Reserved

Bit0 [CTRL[0] |MTP Write Control
CTRL[0]=1: MTP Write Enable
CTRL[0]=0: MTP Write Disable
Default: 0
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SYT664

€ Load Switch Control Parameter Program Register Address: 01H

BIT | | DESCRIPTION

Load Switch Control Parameter Programming

Bit 7 | LSP[7] Reserved Default: 38H: Reverse blocking switch and
Bit6 | LSP[6] DC/DC are disabled; Current Limit is 6A.

Bit5 [LSP[5] Current Limit Threshold

Bit4 |LSP[4]

Bit3 |[LSP[3]

Bit2 |[LSP[2] Reserved

Bit1 |LSP[1]

Bit0 |LSP[O] ENA

€ DC/DC Converter Control Parameter Program Register Address: 02H

BIT | | DESCRIPTION
DC/DC Converter Control Parameters Programming Data
Bit7 |DCP[7] Capacitance Measurement Discharge Default: C5H: Converter is enable; boost peaK

current is 600mA; capacitor health detect

i Current
Bit6 | DCP[6] discharge current is 20mA

Bit5 |DCPI[5] Reserved
Bit4 | DCP[4]
Bit3 | DCP[3] Boost Peak Current
Bit2 | DCP[2]
Bit1 |DCP[1]
Bit0 [ DCPJ0] ENCON

€ Buck Off VVoltage Program Register Address: 03H

BIT | | DESCRIPTION

Buck Off Voltage Programming Data

Bit 7 | OFF[7] Default: 37H, Veuck orr=2.64V
Bit6 | OFF[6]
Bit5 | OFF[5]
Bit4 | OFF[4]
Bit3 | OFF[3]
Bit2 | OFF[2]
Bit1 |[OFF[1]
Bit0 | OFF[0]
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€ Vois: Program Register Address: 04H

BIT | | DESCRIPTION |
Vbis1 Programming Data
Bit7 |VDIS1 [7] Default: 46H, Vpis1=10.5V

Bit6 |VDIS1 [6]
Bit5 [VDIS1 [5]
Bit4 [VDIS1 [4]
Bit3 [VDIS1 [3]
Bit2 [VDIS1 [2]
Bit1l [VDIS1 [1]
Bit0 |VDIS1 [0]

€ Vois2 Program Register Address: 05H

BIT | | DESCRIPTION |
Vnis2 Proaramming Data
Bit7 [VDIS2 [7] Default: 2FH, Vpis2=7.05V

Bit6 |VDIS2 [6]
Bit5 |VDIS2 [5]
Bit4 |VDIS2 [4]
Bit3 |VDIS2 [3]
Bit2 |VDIS2 [2]
Bit1 |VDIS2 [1]
Bit0 |VDIS2 [0]

4 Switching Frequency Program Register Address: 06H

BIT | | DESCRIPTION |

Switching Frequency and ESR Abnormal Threshold Programming Data for MTP (CTRL[5:3]=101)

Bit 7 [SF[7] | Reserved Default: 01H, fsw=500kHz; ESR Abnorma
Bit6 [SF[6] | Reserved threshold is 50mV.

Bit5 |[SF [5] | Capacitance Measurement Enable

Capacitance measurement starts when SF[5]
changes from 0 to 1.

Default: 0

Bit4 |SF[4] | Reserved
Bit3 |SF[3] | ESR Detection Threshold

Bit2 |SF[2]
Bit1 |SF [1] [Switching Frequency
Bit0 |SF[0]

€ ENA Program Table

LSP[0] Description
0 Reverse blocking switch and DC/DC converter are disable
1 Reverse blocking switch and DC/DC converter are enable

€ Input Current Limit Program Table
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LSP[5]

LSP[4]

LSP[3] Input Current Limit

1.2A

2A

2.5A

3A

3.5A

4A

4.5A

Ll Ll ol ol =) f o] fo ) Nl

|l |o|lo|lr|r|lolo

RPIO|IFR|IO[FR|IO|Fr|O

6.2A

4 ENCON Program Table

DCP[0] Description
0 DC/DC converter is disabled
1 DC/DC converter is enabled

€ Boost Peak Current Program Table
DCPI[3] DCP[2] DCP[1] Boost Peak Current
0 0 0 300mA
0 0 1 500mA
0 1 0 600mA
0 1 1 800mA
1 0 0 1A
1 0 1 1.5A
1 1 0 2A
1 1 1 2.5A

4 Capacitance Measurement Discharge Current Program Table

DCP[7] DCP[6] Capacitance Measurement Discharge Current
0 0 2mA

0 1 5mA

1 0 10mA

1 1 20mA

€ Switching Frequency

Program Table

SF[1] SF[0] Switching Frequency
0 0 250kHz
0 1 500kHz
1 0 1MHz
1 1 1.5MHz
€ ESR Detection Threshold Program Table
SF[3] SF[2] ESR Abnormal Threshold
0 0 50mV
0 1 100mV
1 0 150mV
1 1 200mV

€ Buck Off Voltage Programming Data Calculation

SYT664 Rev.0.9A
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SYT664

Vsuckorr = REG03 * 0.048 V
For example, if REG03 = 0x37H, then Vguckorr = (3 * 161 + 7 * 16°) * 0.048 = 2.64V
The buck off voltage program range is 2.64V to 12V.

€ Vois: (Vois2)Voltage Programming Data Table

Vpis1 = REG04 *0.15 V

For example, if REG04 = Ox0AH, then Vpis; = (0 * 16 + 10 * 16°) * 0.15 = 1.5V
The Vpis1 voltage program range is 1.5V to 36V.

Vpisz = REG05 * 0.15 V

For example, if REG05 = 0X0AH, then Vpisz = (0 * 16 + 10 * 16°) * 0.15 = 1.5V
The Vpis2 voltage program range is 1.5V to 36V.
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SYT664

General Operation Description

SYT664 is a power management IC for the applications of power backup in Solid-State Driver or other backup
power supplies which can achieve backup power storage and release functions. The energy is transferred bi-
directionally between the BUS side and the energy storage side with high efficiency by bi-directional DC/DC
regulator. Fast transient response and excellent stability are achieved by the quasi-fixed frequency constant off time
control strategy.

A reverse blocking switch is integrated at the input side to prevent from energy leaking when the input power source
is removed or inserted with inverse polarity. The reverse blocking switch also has the programmable current limit
function with the program range from 1.5A to 6A. Three different BUS over voltage protection (OVP) thresholds
are selectable by OVP pin for the applications with different kind of input power source.

12C interface is internally integrated in SYT664 to reduce the amount of external components. Control parameters
such as input current limit, switching frequency, and boost peak current limit can be programmed by 12C.

Storage capacitance measurement and abnormal storage capacitor ESR detection circuit are integrated inside of
SYT664. The measurement results are stored in internal read only data registers for MCU reading by 12C interface.

SYT664 along with QFN4X4-25 package provides compact PCB layout to save circuit area for the increase of SSD
memory capacity.

Function Description

Startup Sequence

When voltage on IN pin is higher than UVLO level and load switch is enabled which means ENA bit (LSP[0]) is 1
or external ENA pin is pulled high, soft start period begins and the capacitor on BUS pin is charged with a current
which slowly ramps up from 0 to the programmed current limit after the programmed switch turn on delay time. The
soft start time is programmed by the capacitor on SS pin. Capacitor on BD pin will also be charged during the soft
start period. When the voltage on BUS pin rises above boost threshold and ENCON (DCP [0]) is 1, pre-charge
period starts. The BD voltage is regulated at around 120% - 135% of the BUS voltage and the capacitor on STR pin
is charged with around 150mA pre-charge current. The pre-charge period ends when the voltage across the
disconnection switch located from BD pin to STR pin is lower than an internal threshold and then the disconnection
switch will be fully turned on. Boost converter starts to detect FBS voltage when pre-charge ends.

Bi-directional DC/DC Regulator

DC/DC converter starts working to charge STR capacitor when the pre-charge period is done. Quasi-fixed frequency
constant off time control is used and the peak current is programmed by I?C interface. Burst mode is used to
minimize power loss. The maximum storage voltage is programmed by FBS pin. Boost converter stops working
when voltage on FBS pin reaches 1.2V and starts to charge the storage capacitor again when FBS voltage falls
below around 1.17V.

Buck mode is triggered immediately when the voltage on FBD pin falls below 0.6V. Quasi-fixed frequency constant
off time control is also used in buck mode to achieve fast dynamic response. Regulated voltage on BUS pin is
programmed by FBR pin. The maximum peak current of buck converter is internally clamped at around 8A. Buck
mode will change to boost mode when FBR voltage rise above 0.63V. If STR voltage falls below buck off threshold
which is programmed by I12C interface, buck converter will stop working.

Input Load Switch

Input current limit, over voltage protection and reverse blocking functions are all integrated in reverse blocking
switch control module. BUS voltage will be clamped when IN voltage exceed OVP threshold. Clamped voltage and
OVP threshold are programmed by OVP pin. Input current limit is set by 12C interface. Reverse blocking FET will
be turned off if any of the following conditions happens:

1. IN voltage falls below UVLO;
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2. ENA (LSP[0]) is 0 and ENA pin is pulled to GND;
3. Vus is higher than Vin (Veus-Vin>20mV);
4. Bi-directional DC/DC converter works in buck mode.

Short Circuit Protection

If short circuit happens on BUS pin, DC/DC converter will work in buck mode and discharge STR capacitor with
maximum peak current till STR voltage is not enough for buck operation or BUS voltage falls to below UVLO.
Reverse blocking switch will limit the input current at the programmed level. Thermal shutdown will be active if the
inside temperature is higher than the internal threshold.

After pre-charge process last for around 75ms, IC will start to detect STR voltage. If STR voltage cannot be charged
above 0.7V during this interval, STR short circuit is detected. The disconnection switch will be turned off and the
DC/DC will be latched off. The minimum blanking time is 63ms and the minimum precharge current is 100mA, the
0.7V threshold has +-0.2V tolerance. So the maximum capacitance on STR side is: 100mA * 63ms / 0.9V = 7mF. If
STR voltage drops below 0.7V when DC/DC converter is active, STR short circuit will also be detected. The
converter will stop working firstly and then disconnect switch will be turned off. Especially, when DC/DC converter
operates in boost mode and after the 75ms blanking time, the voltage drop between STR and BUS detection starts
and if Vstr-Veus<0.2V is detected, the STR side is treated as short circuit condition. Then, the converter will be
latched off firstly and the disconnect switch will be turned off.

STR short circuit detection is disabled during the STR capacitance measurement period. Additionally, the voltage
drop detection between STR and BUS is disabled when DC/DC converter operates in buck mode.

Storage Capacitance Measurement

Storage capacitance measurement starts when a rising edge on SF[5] is detected. MCU can start measuring by
setting SF[5] to O firstly and then setting SF[5] to 1. Firstly, the capacitor ESR detection starts and an internal 1A
current source discharges STR for around 15us. At the end of discharging period, STR voltage with voltage drop on
ESR is detected. After the discharge current is off, STR voltage without voltage drop on ESR is detected
subsequently. If the difference between such two detected voltage values is higher than the programmed ESR
detection threshold, ESR error is triggered and the last bit of ESR condition register (address 09H) will be set to 1.

Programmed discharge current Ips starts to discharge STR capacitors after the ESR detection is finished. Internal
500Hz counter calculates the discharge time starting from when STR voltage falls below Vpisito when STR voltage
falls below Vpis2. The discharge time data ToiscHarace iS stored to data register REG07 and REG08. For example, if
data read from REGO7 is 0x12H, data read from REGO08 is 0x34H, the Tpiscrarce Should be calculated below:

ToiscHarce=0X1234H= (1*16%+2*16%+3*16+4*16%)*2ms=9320ms
And then, the capacitance can be calculated below:
Cstr=lpis*ToiscHarce/(Vbisi-Vois2)
Storage Capacitance Measurement

Vstr
Vbis1

STR  Vpisz

SF[5]

Cstr |—
i

Iois

Iois

Counter

Tdischarge
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ESR Detection

VSTR

STR  ESR Verr Vsrr - lesr X ESR

SF5] AV = lesg X ESR

IESR
A

15us

Adaptive Boost Peak Current Fold-back

If FBS voltage is lower than 0.6V, the programmed boost peak current is employed to shorten the STR charging
time. As long as the FBS voltage is higher than 1.08V, the boost peak current starts to be fold back to the minimum
value(600mA) softly to leave enough current limit margin for the load on BUS side.

lzoost
A

Programmed
Value

Mnimum
Value

- —» Vegs
0.6V 1.08V 1.2v

If boost peak current is programmed lower than 800mA (300mA, 500mA or 600mA), HSFET will not be turned on
in boost mode to reduce the negative inductor current. If boost peak current is programmed higher than 800mA
there’s negative inductor current because of the min on time of the high side MOSFET. The STR voltage could not
be charged up to the programmed voltage level due to the negative inductor current. In order to charge the STR
capacitors to desired value, it is recommended to set the boost peak current at a proper level. The maxim T minon
value of HSFET is 160ns when boost peak current is programmed at 1.5A, 2A and 2.5A. The maxim Tminon Value
of HSFET is 60ns when boost peak current is programmed at 800mA and 1A. The formula is presented below for
proper boost peak current setting reference.

VSTR-V|N=L dl /dT — d|=(V5TR-V|N)*dT / L=(VSTR-V|N)*TM|NON / L;

Ipeak 2 dI /2 — lpeak 2 (Vstr-ViN)*Tminon / 2*L;
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Application Information

Feedback Resistor Dividers

Choose R; and R; to program proper BUS detection
voltage Veus per. Choose Rs and R4 to program
proper BUS regulation voltage Vgus rec. When BUS
voltage falls to below Vgus per, SYT664 enters buck
mode and regulates the BUS voltage at Vgus rec as
shown below. BUSPG is pulled low when SYT664
enters buck mode:

Vsus

VBus_REG

BUSPG

It is recommended to set the Vus_per be lower than
VBus_REG-

To minimize the power consumption under light load
condition, it is recommended to choose relatively
large resistance values for Ry, Rz, Rz and Ra. A value
of between 10kQ and 1MQ is more suitable for all
resistors. If Vgus per iS programmed at 3.8V,
R1=250K is given, then using following equation, R»
can be calculated to be 47k; If Vgusres IS
programmed at 4.2V, R3;=250Kk is given, then using
following equation, R, can be calculated to be 42k :

TVBUS
R3 Rl
FBR FBD
Ra GND Re
:
~ ~
06V
R,=—R,.
VSYS_DET -0.6V
R, = 0.6V

VSYS_REG -0.6V ?

Choose Rs and Rg to program STR OVP level. Boost
converter stops working when FBS voltage rises up
to be higher than 1.2V and starts working again when
FBS voltage falls below 1.17V. STRPG is pulled
high when FBS voltage rises up to be higher than
1.17V and is pulled low when FBS voltage falls
below 1.08V as shown below:

L2v
117V \/\/\
FB% L.osv
LTI I m
STRPG

To minimize the power consumption, it is
recommended to choose relatively large resistance
values for Rs and Rg both. A value of between 10kQ
and 1MQ is more suitable for both resistors. If Vsrr
OVP is programmed at 12V, Rs=400k is given, then
using following equation, Re can be calculated to be
44k:

VSTR

Rs
FBS

GND Re

1.2V

R, = -
VCSTR_OVP -1.2V

Input Capacitor Cin

To minimize the potential noise problem, place
MLCC cap with X5R or a better grade really close to
the IN and GND pins to decouple the high frequency
noise. Be careful to minimize the loop size formed by
Cin, and IN/GND pins. A 0.1uF low ESR ceramic
capacitor is recommended to minimum the input
inrush current.

BUS Capacitor Csus

The BUS capacitor is the input capacitor of boost
converter and also the output capacitor of buck
converter. Both steady state ripple and transient
requirements must be taken into account to select
proper capacitor. For most applications, MLCC cap
which has total capacitance greater than 66uF with
X5R or better grade can work well. The real
capacitance derating with DC voltage must be
considered.

SYT664 Rev.0.9A
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STR Capacitor Cstr

The STR capacitor is used to store energy and
transfers it to BUS side when the power supply at
input side is plugged out. BUS voltage can be hold
for a long while if larger STR capacitance is used.
The total capacitance is calculated below:

2V, x|

C _ BUS_REG BUS HOLD
STR

- 2 2
(Verr"- VBUS_REG )xn

where Cstr iS total capacitance of STR capacitors,
Vaus_grec IS the programmed BUS regulation voltage,
lsus is BUS load current, tyop is desired BUS
voltage hold time after IN is plug out, and Vsrr is
programmed STR OVP voltage. 1 is the efficiency of
the Buck regulator, choose p =80% to leave enough
margin.

xt

Selection of Inductor L

Choose proper inductance to achieve the desired
ripple current. If ripple current equals to 40% of the
maximum output current. The inductance is
calculated as:

— VOUT(l_ VOUT/VIN,MAX)

0
Fsw X lourmax x 40%

L

Where Fsw is the switching frequency; loutmax is
the maximum BUS load current; Vour is
programmed BUS output voltage and Vinwmax i
programmed STR OVP voltage.

External Bootstrap Cap

This capacitor provides the gate driver voltage for
internal high side MOSFET. A low ESR MLCC
capacitor is connected between BST pin and LX
pin.

When BST capacitor voltage slowly discharges
during Boost converter in burst process, in order to
enter buck mode successfully, its ended discharge
voltage must be higher than BST capacitor UVLO
threshold which can make sure HSFET driver has
enough voltage.

The total discharge current on STR is around
320uA. The discharge voltage during boost burst
mode is 0.025*Vstr. So the BST capacitor
discharge time Tdis is:

Tdis = Cstr * 0.025 * Vstr / 320uA

The maximum BST-LX voltage is around 3.3V
and buck may fail when BST-LX voltage drop to
1.5V. So the maximum acceptable voltage drop
during the discharge time is 3.3-1.5=1.8V.

The minimum BST capacitance needed is:

Cbst = (100nA + 3.3V/Rp ) * Tdis / 1.8 = ( 100nA
+3.3V/Rp) * Cstr * 0.025 * Vstr/ (1.8 * 320uA)
It is recommended to use X7R or above grade
capacitance for better temperature tolerance and
smaller leakage current. The DC derating of the
capacitance should be taken into consideration.

Boost Inductor Peak Current Limit

There’s negative inductor current because of the min
on time of the high side MOSFET when boost peak
current is programmed higher than 800mA. The STR
voltage could not be charged up to the programmed
voltage level due to the negative inductor current. In
order to charge the STR capacitors to desired value, it
is recommended to set the boost peak current at a
proper level. The maxim Twminon value of HSFET is
160ns when boost peak current is programmed at
1.5A, 2A and 2.5A. The maxim Tminon Vvalue of
HSFET is 60ns when boost peak current is
programmed at 800mA and 1A. The formula is
presented below for proper boost peak current setting
reference.

VSTR-VH\FL d| / dT e d|:(V5TR-V|N)*dT / L:(VSTR-
Vin)*Twminon / L;

lpeak 2 dI/2 — lpeak 2 (Vstr-VIN)*Tminon / 2%L;

Delay Time and Soft-start Time Program

Connect a capacitor between DLY pin and GND to
program the load switch turn on delay time. Connect
a capacitor between SS pin and GND to program the
load switch soft start time.

VIN

t; H

ss oY L o AN,
Css Couy

t

GND GND .

SYs

The turn on delay time calculation formula is shown
below:

tory oure NO external Cp

The internal leakage current of SYT664 is lower tory = CDA, tory > tory o

than 100nA in high temp condition. Rp is the I _oLy B

equivalent paralleled resistor of the BS cap. The

leakage current of BS cap is 3.3V / Rp.
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Where, toy put is the internally fixed default soft- Storage Capacitance Measurement
. 1 . 5 Vsrp
start time, about 1.4ms, which means there’s no any Vorss
external Cpvy; Iint pLy i the internal current source, STR  Vpisz
about 3.6UA.
. . . Iois cers SFIS
The soft start time calculation formula is shown as |_
below: l
IDIS

tss ooy Noexternal Cgg

Counter I‘,I,I e JI,“"
tss = Css to>t )  —
| y ss SS_DLT i Taischarge |

INT_SS

Where, tss pot is the internally fixed default soft-start
time, about 1ms, which means there’s no any external
Css; lint_ss is the internal current source, about 7.2uA.

STR Capacitance Measurement and Abnormal
ESR Detection:

Storage capacitance measurement starts when a rising
edge on SF[5] is detected. MCU can start measuring
by setting SF[5] to O firstly and then setting SF[5] to
1. Firstly, the capacitor ESR detection starts and an
internal 1A current source discharges STR for around
15us. At the end of discharging period, STR voltage
with voltage drop on ESR is detected. After the
discharge current is off, STR voltage without voltage
drop on ESR is detected subsequently. If the
difference between such two detected voltage values
is higher than the programmed ESR detection
threshold, ESR error is triggered and the last bit of
ESR condition register (address 09H) will be set to 1.

ESR Detection

VTR

 pv—
15us

Programmed discharge current Ips starts to discharge
STR capacitors after the ESR detection is finished.
Internal 500Hz counter calculates the discharge time
starting from when STR voltage falls below Vpisito
when STR voltage falls below Vpisz. The discharge
time data Toischarce 1S stored to data register REGO7
and REGO08. For example, if data read from REGO07 is
Ox12H, data read from REGO8 is 0x34H, the
ToiscHarce Should be calculated below:

TD|SCHARGE=OX1234H=(1*163+2*162+3*161+4*160)*
2ms=9320ms

And then, the capacitance can be calculated below:

Cstr=lpis*ToiscHarce/(Vbisi-Vois2)
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PCB Layout Recommendation

Put Cin, Csus, Cstr, Rrer_p as close as possible to the
IC. Decouple Cstr to PGND. Decouple Cvcc to
SGND.

Connect the SGND PIN and the PGND PIN together
at a single point.

Figure4. PCB Layout Suggestion

SYT664 Rev.0.9A Silergy Corp. Confidential-prepared for Customer Use Only 20

© 2019 Silergy Corp.

All Rights Reserved.



SYT664

QFN4>4-25 Package Outline Drawing
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(Reference only)
Notes: All dimension in millimeter and exclude mold flash & metal burr
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Taping & Reel Specification
1. QFNA4>4 taping orientation

|<*3.9/4,14“| 1.45/1.55

OO b O 0 O

11.7/12.3

Feeding direction —

2. Carrier Tape & Reel specification for packages

Package Tape width Pocket Reel size Trailer Leader length Qty per
type (mm) pitch(mm) (Inch) length(mm) (mm) reel
QFN4>4 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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