
SA22900 
 

50V, Dual-Phase Stackable Synchronous Boost Controller 

DS_SA22900 Rev.1.0B1                             Silergy Corp. Confidential- Prepared for Customer Use Only                                              1 
© 2026 Silergy Corp.                                                                                                                                                   All Rights Reserved. 
 

General Description 

The SA22900 is a dual-phase stackable synchronous 
boost controller. It operates over a wide input voltage 
range from 5V to 50V and utilizes constant frequency 
peak current mode control. The SA22900 operates at a 
switching frequency ranging from 50kHz to 1.1MHz per 
phase and can be synchronized to an external clock. It 
supports single-phase, dual-phase, and 4-phase 
operation to reduce output ripple and capacitance. 
Additionally, the spread spectrum function can be used to 
minimize peak emissions, resulting in lower 
electromagnetic interference (EMI).  

The SA22900 features external soft-start, enable control, 
and an open-drain power good indicator. It also includes 
comprehensive protection features, such as cycle-by-
cycle overcurrent protection, input overvoltage protection, 
output overvoltage protection, and thermal shutdown for 
reliable operation. The fault protection response can be 
configured for either latch-off or hiccup recovery.  

The SA22900 is available in compact QFN5×5-32 
package. 
 
 

Key Features 

 Wide Input/Output Voltage Range: 5V to 50V  

 1.6V±1% Reference Voltage over -40℃~125 ℃ 

 Selectable 1-, 2-, or 4 (Two Devices Paralleled) 
Interleaved Phase Operation 

 Supports Spread Spectrum Function 

 Power Good Indicator 

 Supports External Synchronization 

 Supports Tracking Function 

 Integrated N-channel MOSFET Drivers: 5V 2A 
Sourcing/3A Sinking 

 Programmable Frequency Per Phase: 50kHz to 
1.1MHz 

 Programmable Dead Time and Minimum Duty Cycle 

 Light Load Operating Mode Selection: PFM or FCCM  

 Selectable Phase Drop and Phase Add Function 

 Fully Protected for Over Voltage, Over Current and 
Over-Temperature  

 Selectable Hiccup or Latch-off Fault Response 

 RoHS Compliant and Halogen Free 

 Compact Package QFN5×5-32  

 Automotive AEC- Q100 Grade 1 Qualified 
 

Applications 

 Automotive Power Systems  

 Audio Amplifiers 

 Automotive Boost Applications 

 Industrial and Telecommunication Power Supplies 
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Typical Application 
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Figure 1a. Typical Application Circuit for Dual-phase Operation 



 SA22900 

DS_SA22900 Rev.1.0B1                             Silergy Corp. Confidential- Prepared for Customer Use Only                                              3 
© 2026 Silergy Corp.                                                                                                                                                   All Rights Reserved. 
 

VCC

PGND

CLK

EN

PG

TRACK

VIN

PVCC

SS

FS/SYNC

SLOPE

BLANK

DT

STRK

SPS/FCH1

MODE/PHD

VCC

BS1

TG1

LX1

BG1

CVCC

RVCC

CPVCC

HS1  

LS1 

VOUT

VIN

ISN1

ISP1

COUT

CIN

BS2

TG2

LX2

BG2

ISN2

ISP2

Control
 Signal

IMON

FB

COMP

CBS1

L1

SA22900

VIN

Rsen1

CIN

RPG

CSS

RFS

RSLOP

RBLANK

RDT

RFB1

RFB2
Rz

Cz

CP

RIMON

CIMON

RISN1

RISP1

{ PRT
GND

VCC

 
Figure 1b. Typical Application Circuit for Single-phase Operation 
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Ordering Information 

Ordering 
 Part Number 

Package Type Top Mark 

SA22900QEQ 
QFN5×5-32  

RoHS-Compliant and 
Halogen-Free 

GHCxyz 

 

Device code: GHC 

x = year code, y = week code, z = lot number code 

                       Pin Out (top view) 
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Pin Description 

Pin Name Pin Number Pin Description 

VCC 1 

Internal analog circuitry power supply pin. Place a ceramic decoupling capacitor between 

this pin and GND with a value of at least one 1µF. A small series resistor (10Ω or smaller) 

between PVCC and VCC can be used to filter noise. An external source bias  with voltage 

ranging from 4.75V to 5.25V can also be used.  

SLOPE 2 
Internal slope compensation pin. Program the slope compensation value using a resistor 

connected from this pin. 

FB 3 
Output feedback pin. Connect this pin to the center point of the output resistor divider to 

adjust the VOUT voltage: VOUT =VREF × (1+RFB1 /RFB2)  

COMP 4 Compensation pin. Connect the RC network between this pin and ground.   

SS 5 Soft-start pin. Connect a capacitor from this pin to GND to program the soft-start time. 

IMON 6 

The average current monitor pin. This represents the sum of the two phases’ inductor 

currents and is the input current for the boost. It is also used for average current limiting 

and protection functions. Connect a resistor in parallel with a capacitor from this pin to 

GND to monitor the average current.  

TRACK 7 

External reference input pin. Program the STRK to set the input reference signal, which 

can be either a digital or analog signal. If the TRACK function is not used, connect this 

pin to VCC to select the internal 1.6V reference. 

PG 8 
Open-drain power good indicator. Pulled low, when output UV/OV or input OV conditions 

are detected. High-impedance during normal operation.  

FS/SYNC 9 

Frequency setting and synchronization input pin. Connect a resistor from this pin to GND 

to program the switching frequency between 50kHz to 1100kHz. When connected to an 

external clock, the internal oscillator synchronizes to the external clock. If the external 

clock is removed, it will work in either Hiccup or Latch-off mode, configured by the PRT 

pin. The phase dropping mode is not supported with external synchronization.  

PRT 10 
Protection mode setting pin. Connect this pin to VCC to activate the Hiccup protection, 
and connect this pin to ground for Latch-off protection. 

MODE/PHD 11 
Operating mode under light load and phase dropping selection pin. The phase dropping 

mode can’t be utilized with external synchronization. 
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Pin Name Pin Number Pin Description 

BLANK 12 

Current sensing blank time after low side FET turns on. Connect a resistor from this pin 

to ground to program the blanking time. The minimum on time is also limited by this 

setting. 

SPS/FCH1 13 Spread spectrum and only channel1 operating mode selection pin. 

EN 14 
Enable control. Pull high to enable the device, pull low to disable the device. The internal 

impedance from EN to GND is around 6MΩ. 

CLK 15 
Synchronize clock output for the second device. The phase is delayed by 90 degrees 

compared to the channel1 of the device. Leave this pin floating if not used. 

BS2 16 

Bootstrap pin for Channel2. Decoupling this pin to the LX2 pin with a 0.47µF ceramic 

capacitor is recommended. If the high-side driver is not needed (as in asynchronous 

boost applications), this pin can be left floating. 

TG2 17 Channel 2 high-side gate driver output.  

LX2 18 Inductor connection for channel2. Connect this pin to the inductor’s switching node. 

BG2 19 Channel 2 low-side gate driver output. 

PGND 20 Power ground pin. 

PVCC 21 
Internal 5.2V LDO output. Power supply for internal control circuits. Decouple this pin to 

PGND with at least one 10uF ceramic capacitor. 

BG1 22 Channel 1 low-side gate driver output. 

LX1 23 Inductor connection for channel1. Connect this pin to the inductor’s switching node. 

TG1 24 Channel 1 high-side gate driver output. 

BS1 25 

Bootstrap pin for Channel1. Decoupling this pin to the LX1 pin with a 0.47µF ceramic 

capacitor is recommended. If the high-side driver is not needed (as in asynchronous 

boost applications), this pin can be left floating. 

VIN 26 Power input pin. Decouple this pin to GND with a minimum 22µF ceramic capacitor. 

ISN1 27 
Negative potential input of channel1 current sense amplifier. The sensed current signal 

is used for channel1 current mode control, peak current limit and average current limit.  

ISP1 28 Positive potential input of channel1 current sense amplifier.  

ISN2 29 
Negative potential input of channel2 current sense amplifier. The sensed current signal 

is used for channel2 current mode control, peak current limit and average current limit 

ISP2 30 Positive potential input of channel2 current sense amplifier. 

STRK 31 

The input signal format selection for the TRACK pin. Pull this pin high to accept analog 

input signals. Pull this pin low to accept digital input signals. This pin can be left floating  

when the TRACK function is not used. 

DT 32 
Connecting a resistor from this pin to ground programs the dead time to prevent shoot-

through. 

GND Exposed Pad Signal ground. Connect this pad to large ground plane for good thermal performance. 
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Block Diagram  
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Figure 2. Block Diagram 

Absolute Maximum Ratings  

Parameter (Note 1) Min Max Unit 

VIN, LX1, LX2, ISN1, ISP1, ISN2, ISP2, EN -0.3 60 

V 

VBS1-LX1, VBS2-LX2 -0.3 6.5 

TG1-LX1, TG2-LX2 -0.3 BS+0.3 

PVCC, VCC -0.3 6 

VISN1-VISP1, VISN2-VISP2 -0.6 +0.6 

All Other Pins -0.3 Vcc+0.3 

Junction Temperature, Operating -40 150 

°C Lead Temperature (Soldering,10s)  260 

Storage Temperature -65 150 

ESD Rating 

HBM (Human Body Model) -2000 2000 
V 

CDM (Charged Device Model) 
harged) 

-700 700 

 

Thermal Information 

Parameter (Note 2) Typ Unit 

θJA Junction-to-Ambient Thermal Resistance 26.8 

°C/W θJC_TOP Junction-to-Case Top Thermal Resistance 13.8 

θJC_BOT Junction-to-Case Bottom Thermal Resistance 3.4 

 

Recommended Operating Conditions  

Parameter (Note 3) Min Max Unit 

IN 5 50 

V 
PVCC VCC 4.9 5.5 

Upper Driver Supply Voltage, VBS1-VLX1/ VBS2-VLX2 3.5 6 

ISN1 to ISP1 and ISN2 to ISP2 Differential Voltage -0.3 +0.3 

Junction Temperature -40 125 °C 
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Electrical Characteristics 
(VIN = 12V, TJ = -40°C to +125°C. Typical values are at TJ =25°C, unless otherwise specified (Note 4).)  

Parameter Symbol Test Conditions Min Typ Max Unit 

Supply Input 

Input Voltage Range VIN  5  50 V 

Input Quiescent 
Current 

IQ,SW 

EN = 5V, VIN = 12V, 
PVCC = VCC, BS1 
and BS2 supplied by 
PVCC, fSW = 300kHz, 
BGx = OPEN, TGx = 
OPEN 

 10 13 mA 

IQ,NON-SW 

EN = 5V, VIN = 12V, 
PVCC = VCC, BS1 
and BS2 supplied by 
PVCC, non-switching, 
BGx = OPEN, TGx = 
OPEN 

 3 4 mA 

Shutdown Current ISD  EN = GND  1.5 4 μA 

Internal Linear 
Regulator 
(PVCC&VCC) 

PVCC UVLO Rising 
Threshold 

VPVCC,RISING  4.35 4.50 4.75 V 

PVCC UVLO 
Hysteresis 

VPVCC,HYS   1.3  V 

PVCC Regulator 
Output 
Voltage 

VPVCC IPVCC = 10mA 5.0 5.2 5.4 V 

PVCC Load 
Regulation 

VPVCC,REG 
I_PVCC = 80mA, 
measure the PVCC 
dropout voltage 

 0.5  V 

PVCC Output 
Current Limit 

ILMT_PVCC VIN = 6V, VPVCC = 4.5V 130 175 250 mA 

VCC Pin UVLO 
Rising Threshold 

VVCC,RISING  4.35 4.50 4.75 V 

VCC Pin UVLO 
Hysteresis 

VVCC,HYS   0.4  V 

Feedback 
Reference 

Feedback Reference 
Voltage 

VREF  1.584 1.600 1.616 V 

FB Pin Input Current IFB 
VFB = 1.6V,  
TRACK = Open 

-50  50 nA 

Enable 

EN Rising Threshold VEN,R  1.13 1.21 1.33 V 

EN Falling Threshold VEN,F  0.85 0.95 1.10 V 

EN Threshold 
Hysteresis 

VEN,HYS   250  mV 

PWM Switching 
Frequency 

Switching Frequency 
Program Range 

fSW,RNG 
RFS =10 ~250kΩ 
(0.1%) 

50  1100 kHz 

Switching Frequency 
Setting Accuracy 

fSW 
RFSYNC = 40.2kΩ 
(0.1%) 

270 300 330 kHz 

Minimum ON-Time 
Accuracy 

tMIN,ON_ACC 
Minimum duty cycle 
(Blanking time setting) 
RBLANK = 25kΩ (0.1%) 

120 160 200 ns 

Maximum Duty Cycle DMAX 
fSW = 300kHz,  
RDT = 18.2kΩ 

87.5 90 92.5 % 

Synchronization 
(FSYNC Pin) 

Sync Input Voltage 
High 

VSYNC,H  3.5   V 

Sync Input Voltage 
Low 

VSYNC,L    1.5 V 
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Parameter Symbol Test Conditions Min Typ Max Unit 

Sync Frequency 
Program Range 

fSW_SYNC,RNG  80  1000 kHz 

Sync Input Minimum 
Pulse Width  

tSYNC,MIN 
Both rise to fall and fall 
to rise 

20   ns 

Soft-Start 

Soft-Start Charging 
Current 

ISS  4.3 4.9 5.5 μA 

Minimum Soft-Start 
Pre-Bias Voltage 

VSS,BIAS_MIN   0  V 

Maximum Soft-Start 
Pre-Bias Voltage 

VSS,BIAS_MAX   1.6  V 

Soft-Start Pre-bias 
Voltage Accuracy 

VSS,BIAS_ACC VFB = 500mV -25 0 25 mV 

Soft-Start Clamp 
Voltage 

VSS,CLAMP  4.0 4.3 4.6 V 

Turn on Delay Time tON,DELAY 
From UVLO ok to 
initiation of soft-start. 

 0.6 0.85 ms 

Current Sense 
Amplifier 

ISNx and ISPx 
Common-Mode 
Voltage Range 

VCM,RANGE   4  V 

ISNx and ISPx Input 
Differential Voltage 
Range 

VDIFF,ISP-ISN    ±0.3  V 

ISNx/ISPx Input 
Current 

IISNX/ IISPX 

Sourcing out of pin, 
EN = 5V, VISNx = 
VISPx, VCM = 4V to 
50V 

100 123 150 µA 

IMON function 

IMON Offset Current  

VSENx=0V, 
RISPx=1510Ω(0.1%), 
VISNx = VISPx,  
VCM = 4V to 50V 

16 17 18 µA 

IMON Current 
Accuracy 

 

VSENx=68mV, 
RISPx=1510Ω(0.1%), 
VISNx = VISPx,  
VCM = 4V to 50V 

27 28.3 29.5 µA 

Phase-Drop Falling 
Threshold 

VPHDRP 
When VIMON falls below 
VPHDRP drop off Phase 
2 

1 1.1 1.2 V 

Phase-Add Rising 
Threshold 

VPHADD 
When VIMON rises 
above VPHADD add 
back Phase 2 

1.05 1.15 1.25 V 

Phase-Drop 
Threshold Hysteresis 

VPHDRP_HYS  45 55 65 mV 

Constant Current 
Control Reference 
Accuracy 

VREF,CC 
Measure the IMON pin 
Voltage 

1.576 1.600 1.624 V 

Average Current 
Over Fault Threshold  

VAVG,OC 
Measure the IMON Pin 
Voltage 

1.9 2 2.1 V 

Average Current 
Over Fault Delay 
Time 

AVGOC_DEALY    5 12 µs 

Peak Current 
Peak Current Limit 
Threshold  

VPK,LMT 

RISPx=1510Ω (0.1%), 
measure the voltage of 
RSENx for OC1 
(IOC1_TH=80µA) 

100 125 150 mV 
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Parameter Symbol Test Conditions Min Typ Max Unit 

Peak Current Fault 
Protection Threshold 

VPK,FAULT 

RISPx=1510Ω (0.1%), 
measure the voltage of 
RSENx for OC2 
(IOC2_TH=105µA) 

130 160 190 mV 

Peak Current Fault 
Protection Blanking 
Time 

tPK,BLANK   3  cycles 

Zero Current 
Zero Current 
Detection 
Threshold 

VZERO 
RISPx=1510Ω (0.1%), 
measure the voltage of 
RSENx 

-5 1.3 9 mV 

Negative 
Current 

Negative Current 
Limit Threshold  

VILM, NEG 

RISPx=1510Ω (0.1%), 
measure the voltage of 
RSENx (IOC_NG_TH=-
48µA) 

-100 -72 -50 mV 

Gate Drivers 

TG Source 
Resistance 

RTG_SOURCE 
100mA source current, 
VBS - VLX = 4.4V 

 1.2  Ω 

TG Source Current ITG_SOURCE 
VTG – VLX = 2.5V, VBS 
– VLX = 4.4V 

 2  A 

TG Sink Resistance RTG_SINK 
100mA sink current, 
VBS - VLX = 4.4V 

 0.6  Ω 

TG Sink Current ITG_SINK 
VTG - VLX = 2.5V, VBS - 
VLX = 4.4V 

 2  A 

BG Source 
Resistance 

RBG_SOURCE 
100mA source current, 
PVCC = 5.2V 

 1.2  Ω 

BG Source Current IBG_SOURCE 
VBG - PGND = 2.5V, 
PVCC = 5.2V 

 2  A 

BG Sink Resistance RBG_SINK 
100mA sink current, 
PVCC = 5.2V 

 0.55  Ω 

BG Sink Current IBG_SINK 
VBG - PGND = 2.5V, 
PVCC = 5.2V 

 3  A 

TG to LX Internal 
Resistor 

RTG_LX    50  kΩ 

BG to PGND Internal 
Resistor 

RBG_GND    50  kΩ 

Boot-Strap UVLO 
Rising Threshold 

VBS,RISING  2.6 3 3.3 V 

Boot-Strap UVLO 
Falling Threshold 

VBS,FALLING  2.5 2.85 3.15 V 

Dead Time When TG 
Falling to BG Rising 

tDT1 RDT = 10k (0.1%) 100 125 150 ns 

Dead Time When BG 
Falling to TG Rising 

tDT2 RDT = 10k (0.1%) 65 90 115 ns 

Input 
Overvoltage 
Protection 

Input Overvoltage 
Rising Threshold  

VIN,OVP_RISE EN = 5V, VIN rising 57 58.5 60 V 

Input Overvoltage 
Delay Time  

VIN,OVP_DELAY EN = 5V, VIN rising   5 12 μs 

Output 
Overvoltage 
Protection 

FB Overvoltage 
Rising Threshold 

VFB,OVP_RISE  118 120 122 %Vref 

FB Overvoltage 
Falling Threshold 

VFB,OVP_FALL  114 116 118 %Vref 

Overvoltage 
Threshold Hysteresis 

     4  %Vref 

FB Overvoltage Trip 
Delay 

     1 3 µs 



SA22900 

DS_SA22900 Rev.1.0B1                             Silergy Corp. Confidential- Prepared for Customer Use Only                                              10 
© 2026 Silergy Corp.                                                                                                                                                   All Rights Reserved. 
 

Parameter Symbol Test Conditions Min Typ Max Unit 

Output 
Undevoltage 
Protection 

Undervoltage Falling 
Threshold 

VFB,UVP_FALL  78 80 82 %Vref 

Undervoltage Rising 
Threshold 

VFB,UVP_RISE  82.5 84 86.5 %Vref 

Undervoltage 
Threshold Hysteresis 

     4  %Vref 

Power Good 

Power Good Low 
Voltage 

  PG LOW, IPG = 0.5mA  0.06 0.4 V 

Power Good from 
Low to High Delay 
Time (PFM) 

TPG_DELAY(PFM) 
The delay time from 
SS clamp to PG high 

 0.5 0.6 ms 

Power Good from 
Low to High Delay 
Time (FCCM) 

TPG_DELAY(FCCM) 
The delay time from 
SS clamp to PG high 

 100 120 ms 

Power Good from 
High to Low Delay 
Time 

     10 12 µs 

Tracking 
Function 

TRACK Input 
Reference Voltage 
Range 

TRACK,RANGE  0  1.6 V 

TRACK Input 
Reference Voltage 
Accuracy 

TRACK,ACC 

Analog Signal Input, 
Measure at the FB pin, 
VTRACK = 1.5V 

-4 0 4 % 

TRACK SS_DONE 
Threshold 

TRACK,SS_DONE Analog Signal Input 0.28 0.3 0.32 V 

TRACK Input Logic 
Low  

TRACK,L Digital Signal Input   0.8 V 

TRACK Input Logic 
High 

TRACK,H Digital Signal Input 2   V 

 TRACK,DUTY_ACC 

50% duty cycle input 
under 2.5V high 
voltage, frequency = 
400kHz, measure at 
the FB pin 

1.235 1.272 1.3 V 

STRK 

STRK Input Logic 
Low (Digital) 

VSTRK,L    0.8 V 

STRK Input Logic 
High (Analog) 

VSTRK,H  2.1   V 

Protection 

PRT Input Logic Low 
(Latch-off) 

VPRT,L    0.8 V 

PRT Input Logic High 
(Hiccup) 

VPRT,H  2.1   V 

MODE/PHD 

MODE/PHD Input 
Logic Low 

VMODE/PHD,L    0.7 V 

MODE/PHD Input 
Logic High 

VMODE/PHD,H  
VCC-
0.4 

  V 

SPS/FCH1 

SPS/FCH1 Input 
Logic Low 

VSPS/FCH1,L    0.7 V 

SPS/FCH1 Input 
Logic High 

VSPS/FCH1,H  
VCC-
0.4 

  V 

OTP 

Thermal Shutdown 
Temperature 

TSD   150 160 175 °C 

Thermal Shutdown 
Hysteresis 

THYS    20  °C 
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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. Prolonged exposure to absolute maximum rating conditions may affect device 
reliability. 

Note 2: θJA is measured in the natural convection at TA = 25°C on a 2oz four-layer Silergy evaluation board using nine 

thermal vias. Case temperature θJC is measured at pin 20. 

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

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions with TA ≈ TJ = 25°C. 

Limits over the operating temperature range (see recommended operating conditions) and relevant voltage range(s) are 
guaranteed by design, testing, or statistical correlation. 
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Typical Performance Characteristics 
 
(1-phase: TA=25°C, VOUT=25V, fSW=400kHz, L=3.3µH, COUT=10µF×2(MLCC)+100µF×4(E-Cap), unless otherwise specified;  
2-phases: TA=25°C, VOUT=45V, fSW=400kHz, L=3.3µH, COUT=10µF×2(MLCC)+100µF×4(E-Cap), unless otherwise specified.) 

Efficiency vs. Output Current
(VOUT=25V,fSW=400kHz, single phase, FCCM, 

L=3.3µH/PA4344332NLT) 
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Efficiency vs. Output Current
(VOUT=45V,fSW=400kHz, dual phase, FCCM, 

L=3.3µH/PA4344332NLT) 
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Time (2µs/div)

Output Ripple
(VIN=12V,VOUT=25V,ILOAD=0A, single phase, FCCM)

VLX                        10V/div

VOUT(AC)     100mV/div

IL                           5A/div

                                  
Time (2µs/div)

Output Ripple
(VIN=12V,VOUT=25V,ILOAD=7A, single phase, FCCM)

VLX                        10V/div

VOUT(AC)           1V/div

IL                         10A/div

 

   
Time (5ms/div)

Startup from VIN
(VIN=12V,VOUT=25V,ILOAD=0A, single phase, FCCM)

VLX        10V/div

VIN          10V/div

IL              5A/div

VOUT       20V/div

                                 
Time (5ms/div)

Shutdown from VIN
(VIN=12V,VOUT=25V,ILOAD=0A, single phase, FCCM)

VLX        10V/div

VIN          10V/div

IL              5A/div

VOUT       20V/div
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Time (20ms/div)

Startup from VIN
(VIN=12V,VOUT=25V,ILOAD=7A, single phase, FCCM)

VLX        20V/div

VIN          10V/div

IL            10A/div

VOUT       20V/div

                                 
Time (20ms/div)

Shutdown from VIN
(VIN=12V,VOUT=25V,ILOAD=7A, single phase, FCCM)

VLX        20V/div

VIN          10V/div

IL            10A/div

VOUT       20V/div

 
 

Time (20ms/div)

Startup from EN
(VIN=12V,VOUT=25V,ILOAD=7A, single phase, FCCM)

VLX        20V/div

VEN          10V/div

IL            10A/div

VOUT       20V/div

                               
Time (20ms/div)

Shutdown from EN
(VIN=12V,VOUT=25V,ILOAD=7A, single phase, FCCM)

VLX        20V/div

VEN          10V/div

IL            10A/div

VOUT       20V/div

 
 

Time (1ms/div)

Load Transient
(VIN=12V,VOUT=25V,ILOAD=0~7A, single phase, FCCM)

VLX              20V/div

IL                10A/div

VOUT(AC)       1V/div
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Time (2µs/div)

Output Ripple
(VIN=24V,VOUT=45V,ILOAD=0A, dual phase, FCCM)

VLX1                        50V/div

VOUT(AC)     500mV/div

IL2                         10A/div

IL1                         10A/div

                                 
Time (2µs/div)

Output Ripple
(VIN=24V,VOUT=45V,ILOAD=7A, dual phase, FCCM)

VLX1                        50V/div

VOUT(AC)     500mV/div

IL2                         10A/div

IL1                         10A/div

 
 

Time (20ms/div)

Startup from VIN
(VIN=24V,VOUT=45V,ILOAD=0A, dual phase, FCCM)

VLX1          50V/div

IL2            10A/div

VOUT       50V/div

IL1            10A/div

                                
Time (20ms/div)

Shutdown from VIN
(VIN=24V,VOUT=45V,ILOAD=0A, dual phase, FCCM)

VLX1          50V/div

IL2            10A/div

VOUT       50V/div

IL1            10A/div

 
 

Time (20ms/div)

Startup from VIN
(VIN=24V,VOUT=45V,ILOAD=7A, dual phase, FCCM)

VLX1          50V/div

IL2            10A/div

VOUT       50V/div

IL1            10A/div

                                
Time (20ms/div)

Shutdown from VIN
(VIN=24V,VOUT=45V,ILOAD=7A, dual phase, FCCM)

VLX1          50V/div

IL2            10A/div

VOUT       50V/div

IL1            10A/div
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Time (20ms/div)

Startup from EN
(VIN=24V,VOUT=45V,ILOAD=7A, dual phase, FCCM)

VLX1        20V/div

IL2            10A/div

VOUT       20V/div

IL1            10A/div

                                
Time (20ms/div)

Shutdown from EN
(VIN=24V,VOUT=45V,ILOAD=7A, dual phase, FCCM)

VLX1        20V/div

IL2            10A/div

VOUT       20V/div

IL1            10A/div

 
 

Time (1ms/div)

Load Transient
(VIN=24V,VOUT=45V,ILOAD=0~7A, dual phase, FCCM)

VLX1                        50V/div

VOUT(AC)             1V/div

IL2                         10A/div

IL1                         10A/div

                               
Time (2ms/div)

Phase Drop and Phase Add
(VIN=12V,VOUT=45V,ILOAD=0~4A, enable phase drop, FCCM)

VLX1                        50V/div

VOUT                     2V/div

ILOAD                     10A/div

VLX2                        50V/div

 
 

Time (2µs/div)

Digital Track
(VIN=9V, FSTRK=400kHz, DTRK=0.5, single phase, FCCM)

VFB                      1V/div

TRACK           2V/div

IL                       5A/div

VLX                   10V/div FB=1.25V

                               
Time (2µs/div)

Digital Track
(VIN=9V, FSTRK=400kHz, DTRK=0.3, single phase, FCCM)

VFB                      1V/div

TRACK           2V/div

IL                       5A/div

VLX                   10V/div

FB=0.75V
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Time (2ms/div)

Analog Track
(VIN=12V, single phase, FCCM)

CH1: VFB            500mV/div

CH3: TRACK  500mV/div

CH2:VLX                   20V/div

CH4:VOUT                 10V/div
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Operation Description 

The SA22900 is a two-phase boost synchronous controller with 

a wide input/output voltage range from 5V to 50V. It integrates  

2A source and 3A sink drivers to efficiently support external 

MOSFETs. The device uses a constant frequency, peak current 

mode control modulation method, requiring slope compensation 

when the duty cycle exceeds 50%. 

The SA22900 supports both PFM and FCCM modes for light 

loads by configuring the MODE/PHD and SPS/FCH1 pins. The 

spread spectrum and phase drop functions can also be enabled 

to enhance EMI performance and improve light load efficiency. 

It allows for the setting of dead time for different MOSFETs to 

achieve optimized efficiency and reliable MOSFET driving. The 

SA22900 features a unique tracking function that can accept 

either digital or analog signals to control the output voltage 

through reference voltage adjustment.  

The SA22900 can select either a latch-off or hiccup response 

action for built-in protection features, including peak current 

protection (OC2), input overvoltage protection (VIN_OV), output 

overvoltage protection (VOUT_OV), and average overcurrent 

protection (AVG_OC). It supports constant current (CC) mode 

to limit input current, which maintains a constant input current 

under overload conditions. 

The SA22900 uses constant frequency and peak current mode 
control. At the beginning of each PWM cycle, the low-side 
MOSFET conducts based on the fixed oscillator clock, causing 
the inductor current to rise. As shown in Figure 2, when VRAMPx 
(ISENx plus compensation slope) reaches VCOMP (the output 
voltage of Gm1), the low-side MOSFET is turned off, and the 
high-side MOSFET is turned on after a dead time, tDT2. The high-
side MOSFET will turn off when the next PWM cycle clock 
occurs or when the inductor current reaches zero during PFM 
operation. 

The SA22900 achieves current sharing capability by comparing 
each phase VRAMPx with the same VCOMP. As a result, the peak 
value of VRAMPx for each phase is identical. Due to the consistent 
compensation slope between the two phases, the peak current 
of each phase is also controlled to be the same. 

Power on Sequence 

The recommended power-on sequence is as follows: the device 
should be enabled after the input voltage exceeds 5V. This 
ensures that the internal LDO produces a VCC that is higher 
than the rising threshold of 4.5V (typical), resulting in reliable 
power-on performance.  When powering off, it is also 
recommended to disable the device when the input voltage 
exceeds 5V. 

VIN

VCC

VOUT

Soft-start

PG

TPG_DELAY

EN

VCC,R

Min 5V

 

Figure3.  Power On Sequence 

Enable 

EN is a high-voltage capable input with a stable threshold that 
provides control of device start-up logic. Pulling the EN pin low 
(<0.95V) will shut down the device. During shutdown mode, 
driving the EN pin high (>1.21V) will turn the IC on again. 

Operation Mode Configuration 

For light load current when IOUT < 0.5ΔIL, the current through the 
inductor will ramp down to near zero before the next period 
begins. Under these conditions, the device can operate in pulse 
frequency modulation (PFM) mode to optimize efficiency or be 
forced into continuous conduction mode (FCCM) with a fixed 
operating frequency. 

The SA22900 supports a spread spectrum (SPS) function to 
optimize EMI performance. This spread spectrum architecture 
varies the switching frequency, significantly reducing both peak 
radiated and conducted noise.  

The operating frequency varies ±10% around the frequency set 
by RFS. The modulation signal is a triangular wave with a period 
of 230 μs. With this method, fSW decreases by 10% and returns 
to the set frequency in 115 μs, and then increases by 10% and 
returns to the set frequency in 115 μs.  

The internal spread spectrum does not interfere with the 
external clock applied to the FS/SYNC pin. It is active only when 
the device operates with an internally generated switching 
frequency.  

The SA22900 automatically performs phase shedding based on 
the voltage of VIMON when the phase dropping function is 
enabled. When the load current decreases and VIMON falls below 
1.1V, Phase 2 is disabled. Conversely, when the load current 
increases and VIMON exceeds 1.15V, Phase 2 is enabled. When 
the SPS/FCH1 pin is pulled high, the SA22900 operates in 
forced single-phase mode.  

As the following table shows, all these functions can be 
configured by the MODE/PHD pin and the SPS/FCH1 pin.  
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SPS/FCH1 

MODE/PHD 
GND VCC FLOAT 

GND 
2-phases FCCM 

SPS OFF 
1-phase FCCM 

SPS OFF 
2-phases FCCM 

SPS ON 

VCC 
2-phases PFM 

SPS OFF 
1-phase PFM 

SPS OFF 
2-phases PFM 

SPS ON 

FLOAT 

2-phases PFM 
SPS OFF 

Enable phase 
drop 

1-phase FCCM 
SPS ON 

2-phases PFM 
SPS ON 

Enable phase 
drop 

Table 1: Mode Configuration Table 
 

Soft Start 

The SA22900 provides a programmable soft-start time to limit 
inrush current during startup. Connecting a capacitor between 
the SS pin and GND sets the soft-start time. The voltage at the 
SS pin ramps up via a 4.9 µA current source, providing the 
reference for the FB during the soft-start period. 

For the boost converter, the output voltage is pre-charged to 
approximately VIN through the body diode of the high-side 
MOSFET. Meanwhile, the SS pin will be pre-biased to the 
corresponding FB voltage. The soft start time can then be 
calculated using the following equation, as the output voltage 
rises from VIN to the final setting voltage VOUT_SET: 

𝑡𝑠𝑠 = 𝑉𝑅𝐸𝐹 × (1 −
𝑉𝐼𝑁

𝑉𝑂𝑈𝑇_𝑆𝐸𝑇
) ×

𝐶𝑆𝑆

4.9𝜇𝐴
 

 

External Bootstrap Capacitor 

This device integrates a floating power supply for the gate 
drivers that control the high-side switches. Proper operation 
requires a 470 nF low ESR ceramic capacitor to be connected 
between the BS and the LX pins. This bootstrap capacitor 
supplies the gate driver voltage for the high-side power 
MOSFETs. 

BS

LX

CBS

470nF

 

Figure4.  External BS Capacitor 
 

Programmable Adaptive Dead Time Control 

The SA22900 can program adaptive dead time for drivers to 
optimize operation under different conditions. Adjusting dead 
time for various external MOSFET applications will 
simultaneously maximize efficiency and prevent shoot-through. 
The selection of RDT resistance and dead time is shown in 
Figure 5, where tDT1 represents the dead time from TG falling to 
BG rising, and tDT2 represents the dead time from BG falling to 
TG rising. The minimum recommended RDT resistor is 5 kΩ.  
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Figure 5. Dead Time vs RDT 

 

Minimum On-Time (Blank Time)  

The minimum on-time of BGx can be programmed using the 
RBLANK resistor. The minimum on-time should be set with 
consideration for the minimum duty cycle application, 
particularly when VIN is close to VOUT. This design also aims 
to allow the internal circuits to filter out noise spikes after BGx 
turns on. A 5 kΩ resistor is recommended as the minimum 
blanking time resistor. Figure 6 illustrates the selection of the 
appropriate RBLANK and minimum on-time.  

 

Figure 6. Minimum ton vs RBLANK 

 

Frequency and Synchronization 

The FS/SYNC pin can be used to set the switching frequency 
(fSW) of the device by connecting a resistor from the FS/SYNC 
pin to GND. The switching frequency is adjustable from 50 kHz 
to 1.1 MHz. It can be calculated using the following equation, 
and Figure 7 illustrates the relationship between frequency and 
RFS. 

 

𝑓𝑆𝑊 =
1.257 × 1010

𝑅𝐹𝑆(𝛺) + 1369.5
(𝐻𝑧) 
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Figure 7. fSW vs RFS 

The switching frequency of the SA22900 can be synchronized 
with an external clock signal applied to the FS/SYNC pin. It 
detects the rising edge of the input clock and synchronizes the 
rising edge of BG1 with a tDT1 delay. The switching frequency of 
each phase is equal to the SYNC clock frequency.  

The CLK pin outputs a clock signal with a switching frequency. 
Its amplitude is VCC, and the pulse width is tSW/12. The rising 
edge of the CLK signal is delayed by tSW/4 - tDT1 after the rising 
edge of BG1. Connect the master CLK pin to the slave FS/SYNC 
pin for 4-phase interleaved operation. The rising edge of BG1 in 
the slave IC is delayed by 35 ns + tDT1. Therefore, the total 
delay time between BG1_slave and BG1_master is tSW/4 + 35 
ns, resulting in an approximate 90° phase shift.  

4-Phase Operation 

Two SA22900 devices can be used in parallel to achieve 4-
phase interleaved operation. Connect the master CLK pin and 
the slave FS/SYNC pin together to synchronize the switching 
frequency. The phase shift is approximately 90° between 
BG1_master and BG1_slave, enabling 4-phase interleaved 
operation. Additionally, the respective COMP, FB, SS, EN, and 
IMON pins should be connected between the two devices.  

Current Sense 

The SA22900 peak current control architecture requires 
continuous sampling of the inductor current for rapid control. 
The SA22900 current sense amplifier continuously monitors the 
ILx signal by measuring the voltage across RSENx.  

The sense current of each phase is used for peak current limit 
(OC1), peak current protection (OC2), constant current mode 
(CC), average overcurrent protection (AVG_OC), current 
balance, and phase drop functions in multi-phase applications. 
Figure 8 illustrates the internal circuit for the individual phase 
current sense module. 

112uA112uA

112uA

RISPxA

RISPxB

RISNxA

RISNxB

RSENx

CSENx

Lx

ILx

ISENx

ISENx+112uA

ISENx

Current 

Sense 

Amp

ISPx ISNx

VIN VOUT

BGx

TGx

 

Figure 8. Current Sense Block 

As shown in Figure 8, the RC network between the RSENx and 
ISPx/ISNx pins is the recommended configuration. The ISPx pin 
should be connected to the positive terminal of RSENx through 
the resistor RISPx. RISPx is used to set the current sense gain 
externally and is composed of RISPxA and RISPxB. 

𝑅𝐼𝑆𝑃𝑥 = 𝑅𝐼𝑆𝑃×𝐴 + 𝑅𝐼𝑆𝑃×𝐵 

There is a 112 µA bias current sink, connected to the ISPx and 
ISNx pins. The ISNx pin should be connected to the negative 
side of RSENx through resistor RISNx. RISNx is composed of RISNxA 
and RISNxB and should have the same value as RISPx. It is 
recommended to set RISPxA equal to RISNxA and RISPxB equal to 
RISNxB, and to insert a capacitor CSENx between them, as shown 
in Figure 8. The symmetrical circuit will help filter noise from the 
small current sense signals.  

𝑅𝐼𝑆𝑁𝑥 = 𝑅𝐼𝑆𝑁×𝐴 + 𝑅𝐼𝑆𝑁×𝐵 

𝑅𝐼𝑆𝑃𝑥 = 𝑅𝐼𝑆𝑁𝑥 

The ISENx is the output of the current sense amplifier and is 
proportional to each phase inductor current ILx due to the circuit 
structure.  

𝐼𝑆𝐸𝑁𝑥 = 𝐼𝐿𝑋 ×
𝑅𝑆𝐸𝑁𝑥

𝑅𝐼𝑆𝑃𝑥
 

Average Current Monitor (IMON) 

The IMON pin is used to monitor the total average input current 
of the two-phase boost converter. The IMON current can be 
calculated using the following equation: the single-phase sense 
current is divided by 8, summed together, and then a 17µA bias 
current is added to the sum. 

𝐼𝐼𝑀𝑂𝑁 =
𝐼𝑆𝐸𝑁1 + 𝐼𝑆𝐸𝑁2

8
+ 17 × 10−6

=
𝐼𝐿1 × 𝑅𝑆𝐸𝑁1

8 × 𝑅𝐼𝑆𝑃1
+

𝐼𝐿2 × 𝑅𝑆𝐸𝑁2

8 × 𝑅𝐼𝑆𝑃2
+ 17 × 10−6 

Considering that, for most applications, two phases are 
consistent, Assume RSEN1 = RSEN2 = RSEN and RISP1 = 
RISP2 = RISP. The total current of IL1 and IL2 is the input average 
current IIN. Thus, the equation can be simplified:  
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𝐼𝐼𝑀𝑂𝑁 =  
𝐼𝐼𝑁 × 𝑅𝑆𝐸𝑁

8 × 𝑅𝐼𝑆𝑃
+ 17 × 10−6 

Place a resistor RIMON between IMON and GND to convert the 
IMON current into IMON voltage. Additionally, place a capacitor 
CIMON between IMON and GND to filter out the ripple, allowing 
the IMON voltage to represent the total input average current of 
the two phases. The IMON voltage can be calculated as follows:  

𝑉𝐼𝑀𝑂𝑁 = 𝐼𝐼𝑀𝑂𝑁 × 𝑅𝐼𝑀𝑂𝑁 

As shown in Figure 2, VIMON is configured for the 'Constant 
Current Control & AVG_OC Protection' module and the 
comparator for phase drop, serving the following functions: 

1. Constant current (CC) control is used for input current limit. 
The reference of CC control is 1.6V, when VIMON increases 
to 1.6V, the SA22900 will work in CC mode and the input 
constant current can be calculated as follows:  

𝐼𝐼𝑁_𝐶𝐶 = (
1.6

𝑅𝐼𝑀𝑂𝑁
− 17 × 10−6) ×

𝑅𝐼𝑆𝑃

𝑅𝑆𝐸𝑁
× 8(𝐴) 

2. AVG_OC is used for input over current protection. When 
VIMON is above 2V, the AVG_OC fault is triggered. SA22900 
stops switching and enters either hiccup or latch-off mode 
which set by PRT pin. Due to the constant current loop 
limiting VIMON signal to around 1.6V, AVG_OC is not easily 
triggered and is used as a last resort protection. 

𝐼𝐼𝑁_𝐴𝑉𝐺_𝑂𝐶 = (
2

𝑅𝐼𝑀𝑂𝑁
− 17 × 10−6) ×

𝑅𝐼𝑆𝑃

𝑅𝑆𝐸𝑁
× 8(𝐴) 

3. When phase dropping function is enabled, SA22900 will do 
phase shedding automatically according to the voltage of 
VIMON. The phase dropping mode is not allowed under 
external clock synchronization. 

When the load current decreases and VIMON falls below 
1.1V, Phase 2 is disabled. The current dropping threshold 
can be calculated using:  

𝐼𝐼𝑁_𝐷𝑅𝑂𝑃 = (
1.1

𝑅𝐼𝑀𝑂𝑁
− 17 × 10−6) ×

𝑅𝐼𝑆𝑃

𝑅𝑆𝐸𝑁
× 8(𝐴) 

When the load current increases and VIMON exceeds 1.15V, 
Phase 2 is enabled. The current threshold for activation can 
be calculated using the following formula:  

𝐼𝐼𝑁_𝐴𝐷𝐷 = (
1.15

𝑅𝐼𝑀𝑂𝑁
− 17 × 10−6) ×

𝑅𝐼𝑆𝑃

𝑅𝑆𝐸𝑁
× 8(𝐴) 

Slope Compensation 

For constant frequency with peak current mode control, slope 
compensation should be considered when the duty cycle 
exceeds 50%. By connecting a resistor, RSLOPE, from the SLOPE 
pin to ground, the SA22900 can adjust the slope compensation 
value. This feature offers greater flexibility in the selection of 
external components. 

It is necessary to design slope compensation appropriately. If 
the slope compensation is too low, the converter may exhibit 
subharmonic oscillation. Conversely, if the slope compensation 
is excessive, the phase margin of the device will be reduced. 

Figure 9 illustrates a block diagram related to slope 
compensation. For current mode control, the compensation 
slope rate KSL must theoretically exceed 50% of the slope rate 
KF, as depicted in Figure 9. 

RSLOPE can be calculated using the following equation: 

𝑅𝑆𝐿𝑂𝑃𝐸 =
6.67 × 105 × 𝐿𝑥 × 𝑅𝐼𝑆𝑃𝑥

𝐾𝑆𝐿𝑂𝑃𝐸 × (𝑉𝑂𝑈𝑇 − 𝑉𝐼𝑁) × 𝑅𝑆𝐸𝑁𝑥
 

In the formula, KSLOPE represents the gain of the compensation 
slope compared to the descent slope of the inductor current. For 
example, the compensation slope is equal to the descent slope 
of the inductor current when KSLOPE = 1. In theory, KSLOPE should 
be greater than 0.5; however, in practical applications, KSLOPE is 
typically greater than 1.  

 

SLOPE

0.5VREF

BGx
RSLOPE C1

ISL0=0.5V/RSLOPE

ISL1=K*ISL0

ISENx

ISLOPE

RRAMP

VRAMP

 

ISENx
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KR KF
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Figure 9. Slope Compensation Block and Waveform 

Digital/Analog Track Function 

The SA22900 features a unique tracking function that can 
accept either digital or analog signals, allowing users to adjust 
the reference voltage externally. By connecting the STRK pin to 
GND or VCC, the TRACK pin can receive digital or analog 
signals. Figure 10 illustrates the block diagram of the tracking 
function. Gm1 utilizes the lowest voltage among SS, TRK_REF, 
and 1.6VREF as the actual reference voltage. When TRK_REF is 
the lowest voltage, the output voltage can be adjusted based on 
the variation of the TRACK signal.  

When STRK=GND (DTRK mode), the TRACK pin receives a 

digital signal input. As shown in Figure 10, V1 is the output of the 
selector. The PWM signal at the TRACK pin controls the 
switching of Q1 and Q2. V1 is a PWM signal with a 2.5V 
amplitude and a duty cycle D (where D is the duty cycle of the 
TRACK PWM signal). After the 2-stage RC filter, the TRK_REF 
voltage can be calculated by: 

𝑉𝑇𝑅𝐾_𝑅𝐸𝐹 = 2.5𝐷 
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The amplitude of the PWM signal at the TRACK pin does not 
affect the TRK_REF accuracy; only the duty cycle alters the 
TRK_REF value. The cutoff frequency of the 2-stage low-pass 
RC filter is designed to be approximately 1.75 kHz. Due to the 
fixed bandwidth, the frequency for the track signal is 
recommended to be set around 400 kHz.  

When STRK=VCC (ATRK mode), the TRACK pin receives an 

analog signal input. As shown in Figure 10, V2 is the output of 
the selector. With the same 2-stage RC filter, the TRK_REF 
value is equal to the voltage on the TRACK pin.  

For the track function, TRK_REF has an effective range. When 
TRK_REF exceeds 1.6V, Gm1 will use 1.6VREF as the actual 
reference, rendering the track function inactive. There is no limit 
on the minimum voltage of TRK_REF; however, for the boost 
converter, the minimum output voltage is VIN minus the body 
diode drop of the high-side MOSFET. Therefore, the 
corresponding FB voltage represents the minimum effective 
voltage for TRK_REF. It is important to note that the SS_DONE 
signal checks if TRK_REF is greater than or equal to 0.3V as 
one of the conditions for judgment; thus, TRK_REF should 
exceed 0.3V to ensure a proper soft start. 

If the track function is not used, the TRACK pin should be 
connected to VCC, and the internal reference will be fixed at 1.6 
V.  
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Figure 10. Track Function Block 

Fault Protections 

The SA22900 features comprehensive fault protection and 
current limiting to ensure reliability. By configuring the PRT pin, 
the protection response can be selected as either Hiccup or 
Latch-off.  

When the PRT pin is pulled high (e.g., VCC), the SA22900 
operates in hiccup mode for protection. If a fault condition is 
detected, the device ceases switching and restarts after 500 ms. 
This operation will continue to repeat until the fault is cleared.  

When the PRT pin is pulled low (e.g., to GND), the SA22900 
operates in latch-off mode for protection. If a fault condition is 
detected, the device ceases switching and will not restart, even 
after the fault has been removed. 

The fault lists which can be set with hiccup or latch-off response 
are shown below: 

 

 

 

Fault Trigger condition and description 
VIN_OV Input overvoltage protection, (VIN>58V) 

AVG_OC Input average overcurrent protection, (IMON>2V) 

OC2_PEAK Peak current protection, (ISENx>105µA) 

VOUT_OV Output overvoltage protection, (FB>120%VREF) 

Input Overvoltage Protection 

The SA22900 samples the VIN pin voltage divided by 48 (VIN/48) 
to obtain input voltage information. By using a comparator to 
compare VIN/48 to a 1.21V reference, the SA22900 can detect 
if a VIN_OV fault is triggered. When VIN exceeds 58V for 5µs, 
the VIN_OV fault is activated, and the PG pin is pulled down. 
The SA22900 stops switching and enters either hiccup mode or 
latch-off mode, depending on the PRT pin voltage. VIN_OV fault 
detection is activated at the beginning of the soft-start process.  

Average Overcurrent Protection (AVG_OC) 

When VIMON exceeds 2V, an AVG_OC fault is triggered. The 
SA22900 ceases switching and enters either hiccup mode or 
latch-off mode.  

Peak Current Protection (OC2) 

The SA22900 features peak current protection (OC2) for the 
inductor current. The internal overcurrent protection threshold 
(OC2_TH) is 105 µA. When ISENx reaches 105 µA in each phase, 
the OC2 fault is triggered. The SA22900 stops switching and 
enters either hiccup mode or latch-off mode. In hiccup mode, 
when both phases fall below 105 µA, the device will resume 
normal operation after completing a full soft-start cycle.  
 
The peak current protection (OC2) for inductor current can be 
calculated by: 

𝐼𝑂𝐶2𝑥 = 105 × 10−6 ×
𝑅𝐼𝑆𝑃𝑥

𝑅𝑆𝐸𝑁𝑥
(𝐴) 

Output Overvoltage Protection 

The SA22900 samples the feedback (FB) voltage to detect an 
output overvoltage fault (VOUT_OV). If the FB voltage exceeds 
120% of the reference voltage (VREF), the VOUT_OV fault is 
triggered, causing the power-good (PG) pin to be pulled down. 
The SA22900 ceases switching and enters either hiccup mode 
or latch-off mode. In hiccup mode, when the FB voltage falls 
below 116% of VREF, the device will resume normal operation 
after completing a full soft-start cycle. VOUT_OV fault detection 
is activated at the beginning of the soft-start process.  

𝑉𝑂𝑈𝑇_𝑂𝑉_𝑅𝐼𝑆𝐸 = 1.2 × 𝑉𝑅𝐸𝐹 × (1 +
𝑅𝐹𝐵1

𝑅𝐹𝐵2
) 

 

𝑉𝑂𝑈𝑇_𝑂𝑉_𝐹𝐴𝐿𝐿 = 1.16 × 𝑉𝑅𝐸𝐹 × (1 +
𝑅𝐹𝐵1

𝑅𝐹𝐵2
) 

Output Undervoltage Protection 

The SA22900 samples the feedback (FB) voltage to detect 
whether there is an output undervoltage fault (VOUT_UV). If the 
FB voltage is lower than 80% of VREF, the VOUT_UV fault is 
triggered, and the power good (PG) pin is pulled down. However, 
the SA22900 will continue switching and operate normally 
without initiating any fault protection action. When the FB 
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voltage rises above 84% of VREF, the PG pin will be pulled high 
after a delay. 

 

𝑉𝑂𝑈𝑇_𝑈𝑉_𝐹𝐴𝐿𝐿 = 0.8 × 𝑉𝑅𝐸𝐹 × (1 +
𝑅𝐹𝐵1

𝑅𝐹𝐵2
) 

 

𝑉𝑂𝑈𝑇_𝑈𝑉_𝑅𝐼𝑆𝐸 = 0.84 × 𝑉𝑅𝐸𝐹 × (1 +
𝑅𝐹𝐵1

𝑅𝐹𝐵2
) 

 

Peak Current Cycle-by-Cycle Limit (OC1) 

The SA22900 features cycle-by-cycle peak current limiting (OC1) 
for the inductor current without hiccup or latch-off protection. 
The OC1 protection for both phases is independent. The internal 
peak current limit threshold (OC1_TH) is 80 µA. When ISENx 
reaches 80 µA in each phase, the OC1 fault will be triggered. 
Subsequently, the BGx of the corresponding phase is turned off 
to prevent the inductor current from rising further on a cycle-by-
cycle basis.  

The peak current limit (OC1) for inductor current can be 
calculated by: 

𝐼𝑂𝐶1𝑥 = 80 × 10−6 ×
𝑅𝐼𝑆𝑃𝑥

𝑅𝑆𝐸𝑁𝑥
(𝐴) 

Negative Current Cycle-by-Cycle Limit (OC_NEG) 

The SA22900 features cycle-by-cycle negative current limit 
(OC_NEG) for the inductor current without hiccup or latch-off 
protection. The OC_NEG protection for both phases is 
independent. The internal negative current limit threshold 
(OC_NG_TH) is -48 µA. When ISENx reaches -48 µA for each 
phase, the OC_NEG fault will be triggered. Subsequently, the 
TGx of the corresponding phase is turned off to prevent the 

inductor current from ramping down cycle by cycle. The negative 
current limit (OC_NEG) for the inductor current can be 
calculated as follows:  

𝐼𝑂𝐶𝑁𝐸𝐺𝑥 = −48 × 10−6 ×
𝑅𝐼𝑆𝑃𝑥

𝑅𝑆𝐸𝑁𝑥
(𝐴) 

Over-temperature Protection (OTP)  

The device includes over-temperature protection (OTP) circuitry 
to prevent overheating due to excessive power dissipation. This 
circuitry will shut down switching operation when the junction 
temperature exceeds 160°C. Once the junction temperature 
cools down by approximately 20°C, the device will resume 
normal operation after a complete soft-start cycle. For 
continuous operation, ensure adequate cooling so that the 
junction temperature does not exceed the OTP threshold. 

PGOOD Signal 
PG is an open-drain output pin. This pin will pull to ground if the 
output voltage is lower than 80% of the regulation voltage or 
higher than 120% of the regulation voltage. Otherwise, this pin 
will enter a high-impedance state if the output voltage is higher 
than 84% of the regulation voltage or lower than 116% of the 
regulation voltage. When another fault is triggered (e.g., 
VIN_OV), the PG pin will also pull to ground. After the fault is 
removed, PG will reset to high after a delay of 0.5 ms.  

PVCC &VCC 
An internal linear regulator produces a 5.2V supply at PVCC 
from VIN. It is recommended to connect a 10µF/10V or higher 
X7R type ceramic capacitor between PVCC and PGND. VCC 
should be connected to PVCC through an RC filter to reduce 
noise for the internal analog circuit. Typically, a ceramic 
capacitor (e.g., 1µF) should be connected from VCC to GND, 
along with a small resistor (e.g., 10Ω) from PVCC to VCC.
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Application Information 

Feedback Resistor Divider RFB1 and RFB2 
Choose RFB1 and RFB2 to program the desired output voltage. To 
minimize power consumption under light load conditions, it is 
advisable to select large resistance values for both RFB1 and 
RFB2. A resistance value between 10 kΩ and 1 MΩ is 
recommended for both resistors. If RFB1 is selected, RFB2 can be 
calculated using the following formula:  
   

𝑅𝐹𝐵2 =
𝑉𝑅𝐸𝐹 × 𝑅𝐹𝐵1

𝑉𝑂𝑈𝑇 − 𝑉𝑅𝐸𝐹

(𝛺) 

FB

GND

RFB1

RFB2

VOUT

 

Figure 11. Feedback Resistor Divider 

 

Input Capacitor CIN 
The ripple current through input capacitor is calculated as: 

 

𝐼𝐶𝐼𝑁_𝑅𝑀𝑆 =
𝑉𝐼𝑁 × (𝑉𝑂𝑈𝑇 − 𝑉𝐼𝑁)

√3
2

× 𝐿 × 𝑓𝑆𝑊 × 𝑉𝑂𝑈𝑇

(𝐴) 

To minimize potential noise issues, place a typical X5R or better 
grade ceramic capacitor very close to the power input and 
PGND. Care should be taken to minimize the loop area formed 
by CIN, the input, and PGND. In this case, a minimum of a 22 µF 
low ESR ceramic capacitor is recommended for the power input. 

Output Capacitor COUT 
Both steady-state ripple and transient requirements must be 
considered when selecting this capacitor. Therefore, a 
combination of electrolytic and ceramic capacitors is used in the 
SA22900.  

Using several ceramic capacitors in parallel will effectively filter 
high-frequency spikes. These capacitors should be placed as 
close as possible to the switches. For optimal performance, it is 
recommended to use X5R or a higher-grade ceramic capacitor 
with a rating of 100V and a capacitance greater than 10µF. 
Electrolytic capacitors placed in parallel can be used to improve 
load transients and reduce output ripple due to their larger 
capacitance values.  

Output Inductor L 

There are several considerations in choosing this inductor. 

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

 L = (
𝑉𝐼𝑁

𝑉𝑂𝑈𝑇
)

2 (𝑉𝑂𝑈𝑇−𝑉𝐼𝑁)

𝑓𝑆𝑊×𝐼𝑂𝑈𝑇_𝑀𝐴𝑋×40%
(𝐻) 

Where fSW is the switching frequency and IOUT_MAX is the 
maximum load current. The SA22900 is less sensitive to 
variations in ripple current. Consequently, the final choice of 
inductance may differ slightly from the calculated value without 
significantly impacting performance. 

2) The saturation current rating of an inductor must be 
selected to guarantee an adequate margin to the peak 
inductor current under full load conditions. The maximum 
peak current happens under minimum input voltage 
condition. 

 

𝐼𝑆𝐴𝑇,𝑀𝐼𝑁 > (
𝑉𝑂𝑈𝑇

𝑉𝐼𝑁_𝑀𝐼𝑁
) × 𝐼𝑂𝑈𝑇_𝑀𝐴𝑋 +

𝑉𝐼𝑁_𝑀𝐼𝑁

𝑉𝑂𝑈𝑇
×

(𝑉𝑂𝑈𝑇 − 𝑉𝐼𝑁_𝑀𝐼𝑁)

2 × 𝑓𝑆𝑊 × 𝐿
 

3) The DCR of the inductor and the core loss at the switching 
frequency must be low enough to meet the desired 
efficiency requirements. It is desirable to choose an inductor 
with DCR<5mΩ to achieve a good overall efficiency. 

 

Power MOSFET 
The voltage rating of the power MOSFET should be selected to 
exceed the maximum drain-to-source voltage. For safe 
operation, an adequate voltage margin should be considered.  

Loop Compensation 
The SA22900 incorporates a peak current mode control scheme, 
which consists of two feedback loops. The inner loop, known as 
the current loop, does not require any external compensation 
components. In contrast, the outer loop, referred to as the 
voltage loop, is compensated using external components.  

In most applications, a Type A or Type B compensation network, 
as shown in Fig. 12a and Fig. 12b, can be used to stabilize the 
voltage loop. Type A is the most widely used and functions 

effectively for power stages lagging down to -90˚, where the 

boost provided by the output capacitor's ESR must be canceled. 
Type B is used when the effect of the output capacitor's ESR 
can be neglected. 

FB

VOUT

Gm
COMP
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CZ

CP
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VREF_TRK
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Figure.12a Type A Loop Compensation 
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Figure.12b Type B Loop Compensation 
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To calculate the output voltage sense loop external components, 
follow the following steps. 
 
1. Select the crossover frequency fC of the closed loop. It is 

recommended that the crossover frequency fC is selected 
as 1/5 of the right half plane zero (fRHPZ) and 1/10 of the 
switching frequency for the tradeoff of stability and transient 
response of the system. The system has faster response at 
higher crossover frequency. 

𝑓𝑅𝐻𝑃𝑍 =
(1 − 𝐷𝑀𝐴𝑋)2 × 𝑉𝑂𝑈𝑇

2𝜋 × 𝐿 × 𝐼𝑂𝑈𝑇

 

 
For a single phase, L represents the inductance. For multiphase 
systems, L is equal to 1/N of the single-phase inductance, where 
N is the number of phases. This value represents the equivalent 
inductance for a multiphase boost converter with N phases. 
 
2. Select a RZ value of the R-C series combination connected 

to the COMP pin. 

𝑅𝑍 =
𝑉𝑂𝑈𝑇

𝐺𝑚1 × 𝐺𝑓𝑐 × 𝑉𝑅𝐸𝐹
 

 

Where Gm1 is the error amplifier gain 2mS, Gfc is gain of the 
power stage at crossover frequency. 

𝐺𝑓𝑐 =
(1 − 𝐷𝑀𝐴𝑋)

2𝜋 × 𝑓𝐶 × 𝐶𝑂𝑈𝑇 × 𝑅𝑖
 

Where Ri is the current sense gain: 
 

𝑅𝑖 =
6500 × 𝑅𝑆𝐸𝑁

𝑁 × 𝑅𝑆𝐸𝑇
 

 
3. Select a CZ value of the R-C series combination connected 

to the COMP pin. The capacitor CZ is used for obtaining 
enough DC gain of loop. The place of the compensation 
zero decides phase margin at the crossover frequency. 
Place the compensation zero at or before the dominant pole 
of RL and COUT. RL is the load resistance, which equals to 
VOUT/IOUT. 

𝐶𝑍 =
𝑉𝑂𝑈𝑇 × 𝐶𝑂𝑈𝑇

𝐼𝑂𝑈𝑇 × 𝑅𝑍
 

 
4. A high frequency pole is recommended to attenuate the 

high frequency noise. Place this pole to cancel the ESR 
zero of COUT 

𝐶𝑃 =
𝑅𝐸𝑆𝑅 × 𝐶𝑂𝑈𝑇

𝑅𝑍
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Application Schematic (VOUT = 25V) 
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Reference Designator Description Part Number Manufacturer 

Q1,Q3,Q5,Q7 NMOS   

C21,C31,C33,C34,C53,C54 
100μF/100V, 

Electrolytic Capacitor 
  

C1 1μF/25V/X7R,0603 C1608X7R1E105K TDK 
C2,C4,C6,C10 0.1μF/100V/X7R,0603 C1608X7R1H104K TDK 
C3,C9,C24,C44 1nF/50V/X7R,0603 C1608X7R1H102K TDK 

C5 47nF/50V/X7R,0603 C1608X7R1H473K TDK 
C11 1μF/100V/X7S,0805 C2012X7S2A105K TDK 
C12 10µF/25V/X5R,0603 C1608X5R1E106M TDK 

C13,C14 470nF/50V/X7R,0603 C1608X7R1H474K TDK 
C22,C23,C25….C32, 
C42,C43,C45….C52, 

1μF/100V/X7R,1206 C3216X7R2A105K TDK 

R1 100K, 1%, 0603   

R2 6.8K, 1%, 0603   

R3,R24,R25,R29,R30, 
R44,R45,R49,R50 

10Ω, 1%, 0603   

R4 15K, 1%, 0603   

R5 5.1K, 1%, 0603   

R6 62K, 1%, 0603   

R7 10K, 1%, 0603   

R8,R9 30K, 1%, 0603   

R11 10K, 1%, 0603   
R12 1M, 1%, 0603   

R13 20K, 1%, 0603   
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Reference Designator Description Part Number Manufacturer 

R15,R16 0Ω, 1%,0603   

R21,R22,R23,R41,R42,R43 3mΩ, 1%, 1206   

R26,R27,R46,R47 430Ω, 1%,0603   

Q2,Q4,Q6,Q8,R28,R31,R48,R51, 
R33,C36,R53,C56,R14,D3,D4 

Spare   

L1,L2 3.3μH  PCMB104T-3R3MS Cyntec 

Recommend Components for Typical Applications 

Output Voltage (V) RZ(R5) CZ(C4) CP(C3) R1(kΩ) R2(kΩ) L1/Part Number 

25 5.1K 100nF 1nF 100 6.8 3.3μH/ PCMB104T-3R3MS 

45 5.1K 220nF 10nF 100 3.6 3.3μH/ PCMB104T-3R3MS 

 
Layout Design 

1. It is desirable to maximize the PCB copper area connecting 
to PGND/GND pin to achieve better thermal performance 
and noise immunity. If the board space allows, a designated 
ground plane layer is highly recommended. 

2. CIN must be close to VIN and GND pins.  
3. COUT must be close to power MOSFETs. The loop area 

formed by COUT, LX and PGND pins must be minimized. 
4. The PCB copper area associated with LX pin must be 

minimized to improve the noise immunity. 
5. The components RFB1 and RFB2 and the trace connecting to 

the FB pin must NOT be adjacent to the LX/BG/TG/BS 
nodes on the PCB layout to minimize the noise coupling to 
FB pin. 

6. Place the BS capacitor on the same layer as the device, 
keep the BS voltage path (BS, LX and CBS) as short as 
possible. 

7. Place the PVCC capacitor close to PVCC pin using short, 
direct copper trace to one nearest device PGND pin. 

8. Place the VCC capacitor close to VCC pin using short, 
direct copper trace to one nearest device GND pin. 

9. Keep the driver traces as short as possible with relatively 
large width.  

10. The components RISPxB, RBIASxB, and CSENx should be 
placed as close as possible to the IC and must NOT be 
adjacent to the LX/BG/TG/BS nodes on the PCB layout to 
minimize the noise coupling. 
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Figure 13. PCB Layout Suggestion 

 



SA22900 

DS_SA22900 Rev.1.0B1                             Silergy Corp. Confidential- Prepared for Customer Use Only                                              27 
© 2026 Silergy Corp.                                                                                                                                                   All Rights Reserved. 
 

QFN5x5-32 Package Outline Drawing 
  

 
Top View                                             Side View 

 

 
Bottom View                    Recommended PCB layout 

(Reference only) 
 

 

Notes: All dimensions in millimeter and exclude mold flash & metal burr. 
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Tape and Reel Information 

Tape Dimensions and Pin1 Orientation 

 

 

 

 

 

 

 

 

                                                                 Direction of Feed 

 

Reel Dimensions 

 

 

Reel

Size

 
 

Package types 
Tape width 

(mm) 
Pocket 

pitch(mm) 
Reel size 

(Inch) 
Trailer 

length(mm) 
Leader length 

(mm) 
Qty per 

reel 

QFN5x5-32 12 8 13" 400 400 5000 

 
 

 
 
 
 
 



SA22900 

DS_SA22900 Rev.1.0B1                             Silergy Corp. Confidential- Prepared for Customer Use Only                                              29 
© 2026 Silergy Corp.                                                                                                                                                   All Rights Reserved. 
 

Revision History 

The revision history provided is for informational purposes only and is believed to be accurate; however, it is not 
warranted. Please ensure that you have the latest revision. 

 
  

Date Revision Change 

Mar. 26,  2026 Revision 1.0B1 

Update the Pin Description of Pin 4 (COMP). 

Delete the description of “Clamping the IMON voltage to COMP pin using a 
diode activates the constant input average current control.” on Page 4 

July 25, 2025 Revision 1.0B 

1. Delete Ambient Temperature on Page 7 

2. Corrected the Dead Time Value on Page 9 
3. Corrected the SPS switching frequency on Page 17 

4. Corrected the Figure 5. Dead time vs RDT on Page 18 

5. Corrected the wiring error in the Soft Start on Page 18 

6. Corrected the wiring error in the Fault Protection on Page 21 

May 29, 2025 Revision 1.0A Corrected the wiring error in the schematic diagram on Page 25 

Dec.11, 2024 Revision 1.0 Initial Release 
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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 

a 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  

© 2026 Silergy Corp.                                                            All Rights Reserved. 

 


