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SCT61451S

PIN FUNCTIONS ¢ontinued)

NAME NO. DESCRIPTION
VOUT? 7 Voltage sense for the output of Buck2. The device regulates VOUT2 voltage to
the setting value. Connect this pin to LV Buck2 output voltage via short trace.
Open-Drain Reset Output. This output remains low for the programmed hold time
RESETB 8 after all outputs are built. Connect this pin to high level with a pull-up resistor.
Float this pin if not used.
WDI 9 Simple watchdog input.
Serial data line. Open-Drain 1/O, connect this pin to high level with a pull-up
SDA 10 . S :
resistor. Connect this pin to ground if not used.
SCL 11 Serial clock line. Connect this pin to ground if not used.
The GPIO pin can be configured to either SYNC or WDDIS function. SYNC: The
GPIO 12 internal oscillator synchronizes to the external clock frequency with PLL. WDDIS:
Pull this pin to high level to disable watchdog. Float this pin if not used.
VOUTS5 13 LDO output. Connect a bypass bulk capacitor between this pin and ground.
Voltage sense for the output of Buckl. The device regulates VOUT1 voltage to
VOUT1 14 the setting value. The device regulates VOUT1 woltage to the value of 3.3V
typical. Connect this pin to HV Buckd output voltage via short trace.
PGND1 15 Power ground pin of HV Buckl.
Regulator switching node of -HV:Buckl. Connect SW1 to an external power
Sw1 16 ;
inductor.
Input supply voltage. Connect.a local bypass capacitor from VIN pin to GND pin.
VIN 17 Path from VIN pin to_high frequency bypass capacitor and GND must be as short
as possible.
Power supply bias for high-side power MOSFET gate driver of Buckl. Connect a
BST 18 0.1uF capacitor from BST pin to SW pin. Bootstrap capacitor is charged when
low-side power MOSFET is on or SW voltage is low.
Enable pin. All-five outputs will be activated once voltage upon EN reaches high
EN 19 threshold. The input voltage lockout threshold can be adjusted by connecting this
pin'to the input voltage through a resistor divider. The EN pin is internally pulled-
down through 2.1M Y resistor. Connect to VIN pin if not used.
Output of the internal VCC regulator. Connect a ceramic bypass capacitor from
VCC 20 -
this pin to PGND.
AGND 21 Analog ground pin of device. Connect this pin to power ground directly.
VOUT4 22 Output pin of LV Boost4. Put output capacitor between this pin and ground.
Regulator switching node of LV Boost4. Connect SW4 to an external power
Sw4 23 .
inductor.
PGND4
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SCT61451S

RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range unless otherwise noted

PARAMETER DEFINITION MIN MAX UNIT
Vin Input voltage range 3.5 36 \%
Vour LV Buck?2 output voltage range 0.8 2.35 \%
Vours LV Buck3 output voltage range 0.8 2.35 Vv
Vouts LDO output voltage range 1.8 3.3 V
T, Operating junction temperature -40 150 °C
ESDRATINGS
PARAMETER DEFINITION MIN MAX UNIT
Human Body Model(HBM), per AEC-Q100-002 -2 +2 kv
Vesp
Charged Device Model(CDM), per AEC-Q100-011 -1 +1 kv
THERMAL INFORMATION
PARAMETER THERMAL METRIC FCTQFN-24 UNIT
R -s Junction to ambient thermal resistance® 39.68
aT Junction-to-top characterization parameter 1.78
B Junction-to-board characterization parameter® 3.26 °C/IW
R -&(top) Junction to case (top) thermal resistance® 24.67

R -(1) SCT provides R
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SCT61451S

ELECTRICAL CHARACTERISTICS
Vin=12V, T3=-40°C~150°C, typical values are tested under 25°C.

SYMBOL
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SCT61451S

ELECTRICAL CHARACTERISTIG&ntinued)
Vin=12V, T3=-40°C~150°C, typical values are tested under 25°C.

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX | UNIT
High-side MOSFET on- _ »

Rpson_H1 resistance VeooT-Vsw=5V 75 150 [ mY
Low-side MOSFET on- .

Rpson_L1 resistance 50 120 | mY
High-side power MOSFET

lLm_Hs1 current limit 4.2 5.2 62 | A
Low-side power MOSFET

lung 1spe positive current limit 32 X o 6
Low-side power MOSFET

I tsn negative current limit g° 2 32 |A

Rois1 Discharge resistance Output disabled 100 200 | Y

ton_min1
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SCT61451S

ELECTRICAL CHARACTERISTIG&ntinued)
Vin=12V, T,=-40°C~150°C, typical values are tested under 25°C.

SYMBOL PARAMETER TEST CONDITION MIN  TYP MAX | UNIT
Roiss Discharge resistance Output disabled 55 100 | Y
toN_MiNg Minimum on-time 90 ns
Phase3?) Switching phase 180 deg
VOUT4 (LV Boost)
Vsa® Supply voltage range 3 45 |V
Ty =25°C -1 1 %
Vacca Voltage accuracy
T,=-40°C~150°C -15 15 | %
High-side MOSFET on- »
RDpsoN_H4 resistance 180 280 |mY
Low-side MOSFET on- .
Rpson_L4 resistance 60 100 mY
Low-side power MOSFET
lLm_Ls4 current limit 14 2 2.6 A
High-side power MOSFET
ILIM_HsP4 current limit 0.9 1.4 1.9 A
High-side power MOSFET
ILim_piss negative current limit 200 500 800 | mA
Roisa Discharge resistance Output disabled 200 300 | Y
toN_miNa Minimum on-time 80 ns
Phase4(!) Switching phase 180 deg
VOUTS5 (LDO)
Vaccs Voltage accuracy VOUTS5 set to 2.8V -1.5 15 | %
VOUT1=3.3V, VOUT5=3.3V
VDbRor_LDO LDO dropout voltage lours=400mA 120 300 | mV
. . VOUT1=3.3V to 5V, VOUT5 o
Lbo_LINE_REG LDO lineregulation set 0 2.8V, lours=100mA 0.25 %l
. VOUT1=3.3V, VOUTS5 set to o
Lbo_Loap_REG LDO load regulation 2.8V lours=10mA to 400mA 0.05 %o
ILim_Lbo_ocp LDO over current limit \2/2\"/”_1:3'3\/’ VOUTS set to 480 600 720 | mA
lum_Loo,_scg oDO output shorteurrent | o123 3v, VOUTS=0V 140 mA
Rpiss Discharge resistance Output disabled 100 200 | Y
Soft Start and Delay
Tss Soft-start time SS=0to 1.1V 1 ms
Ten on® Device on time from EN 28 ms
high
Ton_petay2® On delay for VOUT2 0 75 ms
Ton_peLava® On delay for VOUT3 0 75 ms
Ton_peLays® On delay for VOUT4 0 75 | ms
Ton_petays@® On delay for VOUT5 0 75 ms
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SCT61451S

ELECTRICAL CHARACTERISTIGE&ontinued)
Vin=12V, T3=-40°C~150°C, typical values are tested under 25°C.

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX | UNIT
Switching Frequency
Few LV Buck&Boost Switching 198 29 242 | MHz
frequency
o High frequency option 1.98 2.2 2.42 | MHz
Fswi1 HV Buck switching frequency :
Low frequency option 360 400 440 . | kHz
Frequency spread spectrum FSS_PERIOD[0]=0b 4.3 kHz
FFss_rerioD iod
perio FSS_PERIOD[0]=1b 10 kHz
FSS_RANGE[1:0]=00 5
Fres maee Frequency spread spectrum in | FSS_RANGE[1:0]=01 +2.5 %
- percentage of Fsw FSS_RANGE[1:0]=10 +7.5
FSS_RANGE[1:0]=11 +3.75
Rsync SYNC Input Pulldown EN high 1.8 MY
Fsync_rance® SYNC Input Frequency Range | 50%.duty cycle 1.5 3 MHz
Vsyn_Hi o SYNC voltage rising 1.3
Threshold for synchronization : \
Vsyn_Lo SYNC voltage falling 0.7
Protection
Vovuvacc OV/UV accuracy -1.5 15 | %
PG1/2/3/4/5_SEL[1:0]=0 106 %
Vour Output over-voltage threshold 1, VOUT rising 0
for all outputs Hysteresis Td386.28 0.48 0.48 re f 408.24 -
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SCT61451S

ELECTRICAL CHARACTERISTIG&ontinued)
Vin=12V, T,=-40°C~150°C, typical values are tested under 25°C.

SYMBOL PARAMETER TEST CONDITION MIN TYP  MAX | UNIT
12C Interface

ViH High-level input voltage 1.2 Vv
Vi Low-level input voltage 04 |V
VoL Low-level output voltage Isink=4mA 04 |V
Fscl® SCL clock frequency 1 MHz
Trow® Low period of the SCL clock 500 ns
Trign® High period of the SCL clock 260 ns
Tho_sta® ch?r|1((j:i iE[iirgr? (repeated) START 260 ns
Ty sta® Sc?rtu;ﬁ c;unme (repeated) START 960 ns
Trp_pat® Data hold time 0 ns
Tsu_pat® Data set-up time 50 ns
TR® ggﬁaﬁ?e of both SCL and SDA 120 | ns
Te® Eizlilqglrge of both SCL and SDA 120 | ns
Tsu_sto® Set-up time for STOP condition 260 ns
Ca® ﬁ:naepacmve load for each bus 550 | pF

(1) Guaranteed by sample and design characterization;.not tested.in production.
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SCT61451S

TYPICAL CHARACTERISTICS
Vin=12V, T3=-40°C~125°C, unless otherwise noted.
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SCT61451S

TYPICAL CHARACTERISTICS (continued)
Vin=12V, T3=-40°C~125°C, unless otherwise noted.
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SCT61451S

TYPICAL CHARACTERISTICS (continued)
Vin=12V, T3=-40°C~125°C, unless otherwise noted.
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SCT61451S

FUNCTIONAL BLOCK DIAGRAM
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SCT61451S

Table 1. State and Function Matrix Table

Function

State 12C ?TP Register Hv LVBUCK2 | LvBUCK3 | LvBOOST4 LDOS Watchdog | ocp | DOVPDUVP | oqp

oad reset BUCK1 detect
IDLE OFF | OFF ON OFF OFF OFF OFF OFF OFF OFF OFF OFF
LOADOTP | OFF | ON OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF
LBIST OFF | OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF
DEEPSAFE | ON | OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF ON
ABIST ON | OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF ON
POWERUP | ON | OFF OFF UP UP UP UP UP OFF ON ON ON
NORMAL ON | OFF OFF ON ON ON ON ON ON ON ON ON
RESET ON | OFF OFF ON ON ON ON ON OFF ON ON ON

Table 2. State and Functional Pin Metrix Table

State RESETB

IDLE Tri-state
LOADOTP LOW
DEEPSAFE LOW
ABIST LOW
POWERUP LOW
NORMAL HIGH
RESET LOW

IDLE State

The device will enter IDLE state whenever VCC is below the UVLO threshold. All functional blocks are disabled and

all registers are reset. The device will exit IDLE state and jump to LOADOTP state only when VCC reaches its rising
threshold 2.8V.

LOADOTP State

Once the device enters OTPLOAD state, the OTP CRC mechanism will be activated and check through all data.
Only when CRC check is passed, the device will'load all. non-volatile memory to register. And after that, the device

will enter LBIST state regardless of CRC.check pass or fail. The CRC check result will be recorded in register
SYS_STATE.

LBIST State

The diagnostics of the monitoring and protection circuits in the digital core is performed by the LBIST. The LBIST
is implemented in this state-and check result will be recorded in register SYS_STATE. When LBIST is complete
and passed, the device transit to DEEPSAFE state immediately. If failed, the device will stay in LBIST and no
functional circuit will be activated. There is a tradeoff between LBIST diagnostic coverage and running time, the
LBIST can be disabled by programmed configuration in factory.

DEEPSAFE State
In DEEPSAFE state, all power rails are shut off and indicator pins are pulled low. Regardless of current state, the

device will'always jump to DEEPSAFE state when any deep safe event occurs. 12C interface and thermal shutdown
protection are activated. MCU is able to communicate with device through 12C and read fault register to locate fault.
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SCT61451S

xVIN/EN UVLO
xVCC OVP
xVIN OVP
XRESETB Stuck
xLoss of ground
ABIST State

To ensure safety mechanism work well, the device will check through all critical analog comparators before output
start-up. If ABIST check is failed, the device will go back to DEEPSAFE state. ABIST will be implemented every
time SCT61451S enter ABIST state, the device will transit to POWERUP state once ABIST is passed. Any ABIST
failure will be recorded in register SYS_STATE.

POWERUP State

In POWERUP state, all rails will start-up following a dedicated sequence. Since the HV buck VOUT1 is the power
supply for the other channels, VOUTL1 is always set to start-up first. Then the other.channels will rise after turn on
delay time respectively. The turn on delay time for each is independent and can'be adjusted via changing register
CONFIG_PU1 and CONFIG_PU2, thus flexible sequence is available. Deep OV/UV protection is activated to
protect channels from destructive OV/UV risk. If all channels finish soft-start and they are within power good range,
the RESETB rising timer begins. Once the timer is expired, the device will enter NORMAL state and RESETB will
output high. If deep safe event occurs, the state will transit to DEEPSAFE state directly.

NORMAL State

The NORMAL state is the normal running of device with all outputs on. The RESETB pin is released after specific
delay time upon entering this state. If watchdog is‘enabled by register CONFIG_WD3, watchdog window will start
after setting delay time. The delay time is configured by WD_1UDJ[2:0] in register CONFIG_WD3. MCU should feed
the watchdog via WDI pin or write answer to specified register periodically. When operating in NOMRAL state, the
device will go to RESET state once reset event occurs.

RESET State

All outputs keep on in this state, the device will transit from NORMAL state to RESET state when any of below reset
event occurs:

xVOUTL’s output is out of OV/UV protection range
xVOUT2’s output is out of OV/UV protection range
xVOUT3's output is out of OV/UV protection range
xVOUT4’s output is.out of OV/UV protection range
xVOUTS5’s‘output is out.of OV/UV protection range
xWatchdog Failure

When the device enters RESET state, the RESETB pin will assert for a holding time. The device will go back to
NORMAL:state automatically once the holding time is expired and no reset event, which can be configured in
register CONFIG_T1 via 12C. Upon entering NOMRAL state Watchdog failure counter will be reset and start running
again. Then MCU should feed the watchdog again.

VIN and EN UVLO

When the VIN pin voltage rises above 3.2V and the EN pin voltage exceeds the enable threshold of 1.2V, the device
is enabled. And the device disables when the VIN pin voltage falls below 2.8V or when the EN pin voltage is below
1.0v.

EN pin is connected internally to ground allows the device to be disabled when EN pin is floating to simplify the
system design.
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SCT61451S

High Efficiency Regulators

The switching frequency of HV Buck is 2.2MHz/400kHz selectable. All the LV bucks and boost employ 2.2MHz
fixed frequency peak current mode control. Forced continuous conduction mode (FCCM) allows the device to have
a high output performance when light load. Built-in UVLO ensures all channels are capable of regulated output
under the operating VIN range. Soft-start is fixed at 1ms for all channels. VOUTL1 will always be the firstly built rail
after power on, the other rails can be configured with range Oms to 75ms turn on delay. Then the device can achieve
a variety of sequence to fit power system.

The VOUTL1 is a HV synchronous buck converter directly power from VIN pin. It's regulated at 3.3V with up to 3A
continuous current. An external 100nF ceramic bootstrap capacitor between BST and SW1 pin powers high-side
power MOSFET gate driver. The bootstrap capacitor voltage is charged from an integrated voltage regulator when
high-side power MOSFET is off and low-side power MOSFET is on. Note VOUTL.is the power. supply for
VOUT2/3/4/5.

The VOUT2 and VOUTS3 are two identical LV synchronous buck converter power-by VOUTZL. Their output can be
configured via 12C range from 0.8V to 2.35V with 50mV step. Each is capable of 2A continuous current. To further
improve the EMI performance, the VOUT2 and VOUT3 will operate with 180° phase-shifted clock.

The VOUTA4 is a LV synchronous boost converter also power by VOUT1.lt’s regulated at 5V with up to 500mA
continuous current.

The VOUTS5 is a low-drop regulator(LDO) also powered by VOUT1.The LDO output is factory-programmed at 1.8V,
2.7V, 2.8V, 2.9V or 3.3V with up to 400mA continuous output current.

The converters have proprietary designed gate driver scheme to resist switching node ringing without sacrificing
MOSFET turn-on and turn-off time, which further erases high frequency radiation EMI noise caused by the
MOSFETSs hard switching.

Each output voltage is continuously monitored during operation, the OV/UV threshold can be adjusted
independently in register CONFIG_PGSEL1 and CONFIG_PGSEL?2.

Deep Over Voltage Protection

If any output exceeds the deep over voltage protection threshold 115%, all outputs will shut off for the hiccup time.
When hiccup ends, the normal power.up sequence will start again following turn on delay setting in register. When
entry hiccup, the output discharge will operate during the hiccup time. The threshold can be configured by bits
DEEP_OVP_SEL[1:0].

Deep Under Voltage Protection

If an output falls below the deep under voltage protection threshold 75%, all outputs will shut off for the hiccup time.
When hiccup ends, the normal power up sequence will start again following turn on delay setting in register. When
entry hiccup, the output discharge will operate during the hiccup time. The threshold can be configured by bits
DEEP_UVP_SEL[1:0].

Thermal Shutdown

The thermal shutdown protects the device from the damage during excessive heat and power dissipation conditions.
Once the junction temperature exceeds 175°C, the internal thermal sensor stops power MOSFETSs switching. When
thejunction temperature falls below 155°C, the device will restart with internal soft start phase.

Over Current Protection (OCP)

The converters implement over current protection with cycle-by-cycle limiting high-side MOSFET peak current and
also low-side MOSFET valley current to avoid inductor current running away during unexpected overload and hiccup
protection in output hard short condition. When overload or hard short happens, the converter cannot provide output
current to satisfy loading requirement even though the inductor current has already been clamped at over current
limitation. Thus, output voltage drops below regulated voltage continuously. When peak current point is kicked for
continuous 32 times, the converter stops switching, the device will jump to DEEPSAFE state. The hiccup protection
mode greatly reduces the average short circuit current to alleviate thermal issues and protect the regulator.
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SCT61451S

response the watchdog in open window through writing the specific answer to register WD_KEY. A correct
watchdog trigger will refresh the whole window cycle immediately and the WD_KEY register being updated. Writing
the incorrect answer to the WD_KEY will result in the value written being ignored and a WD_LFSRJ[0] violation.
Writing the correct response during a closed window will result in the write being ignored and a WD_UVJ[Q] violation.
If MCU doesn’t write byte to WD_KEY and the whole window is expired, WD_EXPJ[0] violation occurs. LFSR
polynomial: x8 + x6 + x5 + x4 + 1. Any violation except WD_LFSR][0] violation will make the WD error counter plus
one. When WD error counter reaches the WD_FAIL_CNT[0] (1 or 2 times), a WD Failure is reported and device
enters RESET state.

Simple Mode With
WD ON by Default

| POWERUP NORMAL RESET NORMAL
First Update Extension Window Refresh, I(Window Refresh
WD 1UD s > First Update Extension
WD_1UD Close OEen Close E Open Close Close Qpen Close Open Close Open
Window Window i, Window _} Window}, Window i, Window ¢ Window Window Window : Window _iWindow:
— i IOyl M O TS e t e
WD WINDOW [ WD Disabled
RESETB —I I
€—  Reset Holding Time =
WDl or 12C
WDERR  § WD_Uviviolation 4= Vidatbn
WD_EXP Violation Counter ClearN - v N Errof count=2, WD Failure
WD Error ]
Counter
WD_EN[0] |
WD ON
Simple Mode With
WD OFF by Default
| POWERUP NORMAL RESET NORMAL
Window Refresh, Window Refresh
H ) & First Update Extension
Close Open Close E Open Close Close Open Close Open Close Open
Window indows  Window _} Wind Window {  Window & Window Window Window  Window indow:
MLy N0t Window i g S e — e i "M e
WD WINDOW | WD Disabled
RESETB —I I
€—  Reset Holding Time —>
WDl or I12C
WD _EXP Violaton
WD EXP-Violation WD ERR WD_UV!Violation N b
- Counter Clea\rN N Error count=2, WD Failure
WD Error ]
Counter
WD_EN[0] N
Nuporr WD ON

Figure 3a. Simple Watchdog Error Timing
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Figure 4. Data Validity Diagram

START and STOP Conditions

The data transfer always generates START and STOP conditions to announce.the process. 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 while SCL is HIGH defines a STOP condition. Both the START and STOP<conditions are generated by master
on bus.

The bus is considered to be busy after START condition and released after. STOP condition. A repeated START
condition during transmission is also valid and will be regard as a new.START condition.

scL _'_'\_/\_/_'_

o LS

S i Py
ISTART' ISTOP!
condition condition

Figure 5. START and STOP Conditions Diagram

Data Transmission

The transferred byte consists of eight bits with the Most Significant Bit (MSB) first. After each byte is transferred,
the master will release the SDA line and generate the ninth acknowledge clock pulse on SCL line. The SCT61451S
will pull the SDA line LOW/during this.acknowledge clock, to announce a successful reception and next byte may
be sent. If the master is receiver and the last byte is received, it still generates the ninth acknowledge clock pulse
but SDA line will not be pulled LOW. It's called not acknowledge signal and indicates the end of transmission.
After the START condition, the:master must send a slave address as the first addressing byte. The slave address
is seven bits long followed by an eighth R/W bit. The R/W bit defines the data direction. Set the R/W bit to 0 to
indicate write.command, and a 1 indicates read command. The slave address is factory-programmed between 0x38
through 0x3B, see DEVICE ORDER INFORMATION for details.

Packet Error Checking (PEC)

The SCT61451S supports optional packet error checking (PEC) byte during the 12C communication. PEC can
significantly increase fault coverage on the 12C interface. The PEC byte is implemented through CRC-8 polynomial
of X8+ %2 +x +1. The PEC byte does not take ACK, NACK, START, STOP, Repeated START bits into calculation.
The PEC byte is calculated on the register address and data byte over the entire message from the first START
condition
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1 byte of data to register address
1 byte of data to the command register
STOP condition

Read Data Format
A read from the device includes the following:
Transmission of a START condition
Slave address with the write bit setto 0
1 byte of data to register address
Restart condition
Slave address with read bit setto 1

1 byte of data to the command register
STOP condition
Figure 6 illustrates the proper format for one frame.

Write Byte
S Slave 0 Register Data
Address Address Byte
Write Byte with PEC PEC=
Slave Register Data
S Address 0 I Address I Byte I PEC—IEI
—> <«—>
Read Byte
Slave Register Slave
P
S Address 0 . Address ISR Address 1-NA
Read Byte with PEC PEC=
Slave Register Slave
S Address 0 . Address ISR Address | 1 NA
—> <«—>
Figure 6. Transmission Data Format Diagram
IDLE Lg_ﬁ:? LSIIES;: ABIST POWER UP NORMAL RESET NORMAL
SAFE
T, i ‘\fI’N<V\N7UV7F
VIN —/’I N
EN —;/{ N
VOUT1 \_
0N7DELAI.‘(2/
VOUT2 N
ON_DELAY3 /
VOUT3 s /—/
VOUT4 j ——
VOuT5 - WD’ERR‘?i ~—
RESETB rising delay &—)|
RESETB

Figure 7. Power on Sequence
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APPLICATION INFORMATION

Typical Application

o) cs
VIN BST H
VIN O_T_ _L _L 0.1fF
CIA == C1B ==C1C R1 SCT61451S L1 VOUTL
10fF | 10fF | 0.1fF {100k s swil 0
2.2 H
o = EN _LCBA_LC7B
EN O * VOUT1 22{F 22 fF
L2
R2 YYY +—9
VOUT2 ﬁ SW2 VIN23 L
100k5% C2A==C2B - Tt _L _L e
= - 0.1fF
= 22fF—'7 22fF VouT2 PGNDL %mm
PGND2 =
= L3 Swa __[VTEV”L_______J_
VOUT3 ﬁ% SW3 VOUT4 TOVOUT4 _:2(2:2':
VIO
C3A==C3B c10
29 fF ZZfFT VOUT3 —1—10 e VOUTL
R4 PGND3 PGND4 —4—
3.3kS 1 [ [ 2 R3
o—4 — SDA AGND 100k S
RESETB *
O——{scL 0
O— WDI VOUT5 TO VOUT5
O——
GPIO VOGS ci1
10 fF
—I— C12 2

I 22fF

Figure 8. Application Schematic, 3.5V to 36V, PMIC Regulator at 2.2MHz
Design Parameters

Design Parameters

Example Value

Input Voltage

12V Normal 3.5V to 36V

Output Voltage

VOUTL:
VOUT2:
VOUTS:
VOUT4:
VOUTS:

3.3V
1.2v
1.8v
5V

2.8V

Maximum Output Current

VOUTL:
VOUT2:
VOUTS:
VOUT4:
VOUTS:

3A (in total)

Switching Frequency

2.2MHz

Output Voltage Ripple (peak to peak)

VOUTL:
VOUT2:
VOUT3:

VOUT4

10mV
5mV
5mV
: 20mV
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Under Voltage Lock-Out
An external voltage divider network of Ri1 from the input to EN pin and Rz from EN pin to the ground can set a

higher input voltage’s Under Voltage Lock-Out (UVLO) threshold. The UVLO has two thresholds, one for power up
when the input voltage is rising and the other for power down or brown outs when the input voltage is falling. Use

Equation 1 and Equation 2 to calculate the values of R1 and Rz resistors.

&Ueo
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X LIR is coefficient of I.pp to lour

The total current flowing through the inductor is the inductor ripple current plus the output current. When selecting
an inductor, choose its rated current especially the saturation current larger than its peak operation current and
RMS current also not be exceeded. Therefore, the peak switching current of inductor, ILpeak and ILrvs can be
calculated as in equation 5 and equation 6.

hepa= Bt [v—?;\ ®)
neet 8110+ — A hekd (6)
Where

X lLpeak is the inductor peak current

X lourt is the DC load current

X Icep is the inductor peak-to-peak current
X Irms is the inductor RMS current

For a boot converter, the peak-to-peak ripple current in the inductor lgee can be calculated as

1
REBEEITT 5 5
X (ot T X Be
AR, lo,

()

Where
X lLpp_BoosT iS the

26 For more information www.silicontent.com © 2023 Silicon Content Technology Co., Ltd.  All Rights Reserved

Product Folder Links: SCT61451S




SCT61451S

Yace £l i U% 1 F% (10)
ic ic

The worst case condition occurs at Vin=2*Vour, where:

t,ace 2105 Uty (11)

For simplification, choose an input capacitor with an RMS current rating greater than half of the maximum load
current.

When selecting ceramic capacitors, it needs to consider the effective value of a capacitor decreasing as the DC
bias voltage across a capacitor increasing.

The input capacitance value determines the input ripple voltage of the regulator. Thedinput voltage ripple can be
calculated using Equation 12 and the maximum input voltage ripple occurs at 50% duty cycle.
i AT~ &1i

&8ic= =~— U_— Ul F—/—) (12)
For the boost converter power stage, because of the inductor current ripple;.the input voltage changes if there is
parasitic inductance and resistance between the power supply and theiinductor. It is recommended to have enough
input capacitance to make the input voltage ripple less than 100mV. Generally, a 10 ) input capacitance is
recommended for most applications. Choose the right capacitor value carefully by considering high-capacitance
ceramic capacitors DC bias effect, which has a strong influence on the final effective capacitance.

Bootstrap Capacitor Selection

$ ) FHUDPLF FDSD F cotrretledPbétvi¥én BST pin and SW1 pin for proper operation. A ceramic
capacitor with X5R or better grade dielectric is recommended. The capacitor should have a 10V or higher voltage
rating.

Output Capacitor Selection
The selection of output capacitor will affect output voltage ripple in steady state and load transient performance.

For buck converter, the output ripple-isressentially composed of two parts. One is caused by the inductor current
ripple going through the Equivalent Series Resistance ESR of the output capacitors and the other is caused by the
inductor current ripple charging and discharging the output capacitors. To achieve small output voltage ripple,
choose a low-ESR output capacitor like ceramic capacitor. For ceramic capacitors, the capacitance dominates the
output ripple. For simplification, the output voltage ripple can be estimated by Equation 13 desired.

8:ii U 8¢ F 8i)
8 UBDG U. U%;i 08,5(;

2SI (13)

Where
X 0%ut_suck is the output voltage ripple of buck converter
x fsw is the switching frequency
x L isthe inductance of inductor
X Cour is the output capacitance
X Vourt is the output voltage
X Vi is the input voltage

Due to capacitor's degrading under DC bias, the bias voltage can significantly reduce capacitance. Ceramic
capacitors can lose most of their capacitance at rated voltage. Therefore, leave margin on the voltage rating to
ensure adequate effective capacitance. Typically,two 10 ) FHUDPLF RXWSXW FDSDFLWRUV ZRUN IR

For more information www.silicontent.com © 2023 Silicon Content Technology Co., Ltd. All Rights Reserved 27

Product Folder Links: SCT61451S



SCT61451S

For boost converter, typically,a22 ) FHUDPLF RXWSXW FDSDFLWRUV ZRUN IRU PRVW DSSOI
can be used to improve the load transient response. From the required output voltage ripple, use the below equation
to calculate the minimum required effective capacitance

g .- (B FceakX tii
Cafll_»EEll 8(51|'>< BDX %ﬁ (14)

where
x 0 %ut_soosT is output voltage ripple caused by charging and discharging of the output capacitor of boost
Vin_wmin is the minimum input voltage of boost converter.
Vour is the output voltage.
lout is the output current.
f sw is the converter switching frequency.

X X X X

Table 3. Recommended BOM for Typical Application

. Frequency Inpu_t Output
Output Rail (MH2) L (uH) Car(JLf;l'c::;tor Capacitor (uF)

Buck1 2.2 2.2 2x10+1x0.1 2x22

Buck2 2.2 1 2x10

Buck3 2.2 1 01 2x 10
Boost4 2.2 1 22 10
LDO5 - - - 10
VCC - - - 2.2

28 For more information www.silicontent.com © 2023 Silicon Content Technology Co., Ltd.  All Rights Reserved

Product Folder Links: SCT61451S




SCT61451S

Application Waveforms
Vin=12V, Vout1=3.3V, Vourt2=1.1V, Vout3=1.5V, VouT4=5V, Vour5=2.8V, unless otherwise noted

Figure 10. Power On (lo2=103=2A, 104=0.5A) Figure11. Power Off (lo2=103=2A, 104=0.5A)

Figure 12. EN On (lo2=
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Application Waveforms (continued)
Vin=12V, Vout1=3.3V, Vout2=1.1V, Vout3=1.5V, VouT4=5V, Vouts5=2.8V, unless otherwise noted

Figure 16. Buck3 Steady State (103 = 2A) Figure 17. Boost4 Steady State (104 = 500mA)
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Layout Guideline

Proper PCB layout is a critical for device’s stable and efficient operation. The traces conducting fast switching
currents or voltages are easy to interact with stray inductance and parasitic capacitance to generate noise and
degrade performance. For better results, follow these guidelines as below:

1. Power grounding scheme is very critical because of carrying power, thermal, and glitch/bouncing noise
associated with clock frequency. The rule of thumb is to make ground trace lowest impendence and power are
distributed evenly on PCB.
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10: Scale=2.5ms. Delay ranges from
0-37.5ms

11: Scale =bms. Delay ranges from O-
75ms

CONFIG_T2 [7:0]

ADDRESS: 0x03

BITS | FIELD TYPE | DESCRIPTION DECODE
[7:6] | RESERVED | R / /
[5] DF SCALE [ WIR Analog Filter Time = 10ys.
OV/UV Digital Filter. Adds additional | Added Digital Filter Timeo!
[4:0] | DF W/R | filtering to all OV/UV comparators. =DF[5:0] x 24s, when DF_ SCALE=0,
=DF[5:0] X 10us, when DF SCALE=1.
CONFIG_EN [7:0]
ADDRESS: 0x05
BITS | FIELD TYPE | DESCRIPTION DECODE
[7:6] | RESERVED | R / /
Enable for LDO OUT5. This bitwill.be activated | 0 = Output Disabled
[5] ENS WIR | every time entering DEEPSAFE state, don’t 1 = Output Enabled
change this bit in NORMAL state.
Enable for LV BOOST OUT4. This bit will be 0 = Output Disabled
[4] EN4 W/R | activated every time entering DEEPSAFE state, | 1 = Output Enabled
don’t change this bit in NORMAL state.
Enable for LV BUCK OUT3. This bit will be 0 = Output Disabled
[3] EN3 W/R | activated every time entering DEEPSAFE state, | 1 = Output Enabled
don’t change: this bitin NORMAL state.
Enable for LV BUCK OUT?2. This bit will be 0 = Output Disabled
[2] EN2 WI/R | activated every.time entering DEEPSAFE state, | 1 = Output Enabled
don’t change this bit in NORMAL state.
[1] RESERVED | R / /
0 = Output Disabled
[0] EN_ALL WIR | Enablefor all channel 1 = Output Enabled
CONFIG_PU1 [7:0]
ADDRESS:-0x06
BITS | FIELD TYPE | DESCRIPTION DECODE
when DELAY_SCALE=00, ton_peLAYs =
ON_DELAY5[3:0] x 0.5ms
when DELAY_SCALE=01, ton_peLAYs =
OUTS5 Power-Up and Recover | ON_DELAY5[3:0] x 1ms
[7:4]"| ON_DELAYS WIR Turn On delay. P when DELAY[_SC]ZALE:10, ton_DELAYS =
ON_DELAY5[3:0] x 2.5ms
when DELAY_SCALE=11, ton peLays =
ON_DELAY5[3:0] x 5ms
when DELAY_SCALE=00, ton peLavs =
ON_DELAY4[3:0] x 0.5ms
[3:0] | ON_DELAY4 WIR %ﬂ%zod"g;;,u‘) and Recover |\ DELAY. SCALE=01, ton peLava =
' ON_DELAY4[3:0] x 1ms
when DELAY SCALE=10, ton peLav4 =

34 For more information www.silicontent.com © 2023 Silicon Content Technology Co., Ltd.

Product Folder Links: SCT61451S

All Rights Reserved




SCT61451S

ON_DELAY4[3:0] x 2.5ms
when DELAY_SCALE=11, ton _peLAys =
ON_DELAY4[3:0] x 5ms
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1 =WD ERROR is mapped to
RESETB pin

STATUV [7:0]

ADDRESS: 0x0A

BITS | FIELD TYPE | DESCRIPTION DECODE
0 = All enabled channels are above UV
7] UV Read | UV Comparator Status for all threshold after DF
Clear | channels with Digital Filter. 1 = Any enabled channel is below UV
threshold after DF
[6] RESERVED | R / /
0 = OUT5 is-above UV threshold before
Read | UV warning for OUT5, Digital Filter is | DF
[5] UV_WARS Clear | notincluded 1 =0UT5 is below UV threshold before
DF
0.= OUT4 is above UV threshold before
Read | UV warning for OUT4, Digital Filter is | DF
[4] UV_WAR4 Clear | notincluded 1 =0UT4 is below UV threshold before
DFE
0 = OUTS3 is above UV threshold before
Read | UV warning for OUT3, Digital Filteris | DF
[3] UV_WAR3 Clear | notincluded 1 =0UT3 is below UV threshold before
DF
0 =0UT2 is above UV threshold before
Read | UV warning for OUT2, Digital Filteris | DF
[2] UV_WAR2 Clear | notincluded 1 =0UT2 is below UV threshold before
DF
0 = OUT1 is above UV threshold before
Read | UV warning for OUT1, Digital Filter is | DF
[1] UV_WAR1 Clear | not.included 1 =0UT1 is below UV threshold before
DF
[0] RESERVED | R / /
STATOV [7:0]
ADDRESS: 0x0B
BITS | FIELD TYPE | DESCRIPTION DECODE
0 = All enabled channels are below OV
7] oV Read | OV Comparator Status for all threshold after DF
Clear | channels with Digital Filter. 1 = Any enabled channel is above OV
threshold after DF
[6] RESERVED | R / /
[5] OV.WARS Read OV warning for OUT5
Clear
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1 =0UT3 is above OV threshold before
DF

0 =0UT2 is below OV threshold before

Read | OV warning for OUT2, Digital Filter is | DF
[2] OV_WAR2 Clear | notincluded 1 =0UT2 is above OV threshold before
DF
0 =0UT1 is below OV threshold before
Read | OV warning for OUT1, Digital Filter is | DF
[1] OV_WAR1 Clear | notincluded 1 =0UT1 is above OV threshold before
DF
[0] RESERVED | R / /
STATOFF [7:0]
ADDRESS: 0x0C
BITS | FIELD TYPE | DESCRIPTION DECODE
[7:6] | RESERVED | R / /
Read 0 = OUT5 issabove OFF threshold
[5] OFF5 Clear OFF Comparator Status for OUT5 1 = OUT5 is below OEE threshold
Read 0 = OUT4 is above OFF threshold
[4] OFF4 Clear OFF Comparator Status for OUT4 1 = OUT4 is below OFE threshold
Read 0=0UT3 is above OFF threshold
[3] OFF3 Clear OFF Comparator Status for OUT3 1 = OUT3 is below OFE threshold
Read 0 = OUT2 is above OFF threshold
[2] OFF2 Clear OFF Comparator Status for OUT2 1 = OUT?2 is below OFE threshold
Read 0 = OUT1 is above OFF threshold
[1] OFF1 Clear OFF Comparator Status for OUT1 1 = OUT1 is below OFE threshold
[0] RESERVED | R / /
STATD [7:0]
ADDRESS: 0x0D
BITS | FIELD TYPE | DESCRIPTION DECODE
[7] RESERVED R / /
Read - 0 = No fault detected
[6] CLK_ERR Clear CLK fault indicator 1 = CLK error detected
[5] SUP ERR Read | Supply fault indicator, include | O = No fault detected
- Clear | VCC OV fault and VIN OV fault 1 =VCC OV or VIN OV detected
Read 0 = No fault detected
[4] RST_ENTER RESET state indicator 1 = RESET state has entered since
Clear
the last read.
Read 0 = No fault detected
[3] DEEPSAFE_ENTER Clear DEEPSAFE state indicator 1 = DEEPSAFE state has entered
since the last read.
. o . 0 = No fault detected
Pin fault indicator, include _
2] | PIN_ERR Read | pesETR pin stuck fault and 1 =RESETB Short to supply
Clear GND bin LOSS fault detected or pull-down fail or GND
P LOSS since the last read
Read 0 = No thermal shutdown
[1] THSD Clear Thermal Shutdown Indication 1 = Thermal shutdown has
occurred since last read
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11 = Reserved
[5] RESERVED R / /
Enable of VIN OVP. When VIN>43V, | 0 = Disabled
[4] VIN_OVP_EN | WIR part enter DEEPSAFE mode. 1 = Enabled
[3:2] | VIN START W/R | VIN start threshold at VIN rising 00=3.2V;01=4V; 10=5V; 11 = 6V
[1:0] | VIN.STOP | W/R | VIN stop threshold at VIN falling g05\=/ 2.8V, 01 =3.5V; 10 =4.5V; 11 =
CONFIG_PFM [7:0]
ADDRESS: 0x12
BITS | FIELD TYPE | DESCRIPTION DECODE
[7:4] | RESERVED [ R / /
BOOST4 FCCM/PFM mode selection | 0 = FCCM
[3] | PFM4 WIR | \yhen NORMAL mode. 1= PFM
BUCK3 FCCM/PFM mode selection | 0 = FCCM
[2] | PFM3 WIR | \yhen NORMAL mode. 1=PFM
BUCK2 FCCM/PFM mode selection | 0 = FCCM
[ | PFM2 WIR | \yhen NORMAL mode. 1= PEM
BUCK1 FCCM/PFM mode selection | 0.= FCCM
[0 | PFMI WIR | \yhen NORMAL mode. 1=PFM
CONFIG_WD1 [7:0]
ADDRESS: 0x13
BITS | FIELD TYPE | DESCRIPTION DECODE
. . 0 = QA watchdog enabled
[7] WD_MODE | W/R | Simple Windowed Watchdog Enable 1 = Simple watchdog enabled
. 0 =128us
[6] WD_SCALE | W/R | Watchdog Clock Divider Scale 1 = 128Us*64
[5:0] WD_CLK  W/R . Watchdog Clock Divider WDCLK = (
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Watchdog Failure counter config.
When Watchdog failure times reach | 0 = 1 time

the counter, report to RESETB and | 1 =2 times
status register.

[4] | WD_FAIL_CNT | W/R

0 = Disabled

[3] WD_EN W/R [ Watchdog Enable 1 = Enabled
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[3:2] | RESERVED R / /
= . = 0 . = 0 .
[1:0] | PG5_SEL W/R | OUT5 OVIUV threshold selection, | 99 = Reserved; 01 = £6%; 10 = +8%,
11 = +10%
CONFIG_PGSEL2 [7:0]
ADDRESS: Ox1A
BITS | FIELD TYPE | DESCRIPTION DECODE
= . = 0 . = 0 .
[7:6] | PG4 SEL W/R | OUT4 OVIUV threshold selection, | 99 = Reserved; 01 = +6%;10 = +8%;
11 = +10%
- . - 0/ 3 0/n-
5:4] | PG3_SEL W/R | OUT3 OV/UV threshold selection, | 99 = Reserved; 01'= £6%;:10 = £8%;
11 = +10%
) . 00 = Reserved; 01 = £6%; 10 = +8%;
[3:2] | PG2_SEL W/R | OUT2 OV/UV threshold selection. 11 = #10%
) . 00= Reserved; 01 = +6%; 10 = +8%;
[1:0] | PG1_SEL W/R | OUT1 OV/UV threshold selection. 11 = $10%
12C_LOCK [7:0]
ADDRESS: 0x1C
BITS | FIELD TYPE | DESCRIPTION DECODE

[7:1] | RESERVED | R / /

Lock Protection. If 0 by.default, then | O = All registers can be written.
[0] I2C_LOCK | W/R | this bit can be changed through the 1 = Writes are ignored to protected

12C. registers.
SYS_STATE [7:0]
ADDRESS: 0x22
BITS | FIELD TYPE | DESCRIPTION DECODE
7] OTP_CRC_ERR R vv_h_en OTP CRC has error, this 0 i pass

bit=1 1 = fail

6] | ABIST_ERR R wheh ABIST has error, this bit=1 ‘1) N f;illss
5] | LBIST_ERR R when LBIST has error, this bit=1 ‘1) N f;illss
[4] | RESERVED R / /

0000 = IDLE, 0001 = LBIST, 0010
= DEEPSAFE, 0011 = LOADOTP,
[3:0] | SYS_STATE R System state machine. 0101 = NORMAL, 0110 = ABIST,
0111 = POWERUP, 1101 = RESET,
others are reserved
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PACKAGE INFORMATION
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TAPE AND REEINFORMATION
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