S/IERGY

SA22300
36V, Boost/Flyback/Sepic Controller

General Description

K

ey Features

The SA22300 is a non-synchronous Boost/Flyback/ *  Wide Input Voltage Range: 3.45V to 36V
Sepic controller with built-in protection features. The e 1.2V 2% Reference Voltage
device is suitable for harsh automotive environment. It e Fixed Frequency Operation
features several built-in protection such as cycle-by- e Internal Soft-Start
cycle current limit, overcurrent protection, FB short e Typical 1.6pA Shutdown Current
protection, etc. e Cycle-by-Cycle Current Limit Protection
. . . ¢ Hiccup-Mode Overcurrent Protection (OCP)
e OEetes & ale e 0 41t ST+ Hccupode ShorCrcut Proecton (SCP)
control strate with built-in slope pcomp ensation to *  1.5APeak Gate Source Current
improve the stg)l;ilit P P * 1.5A Peak Gate Sink Current
P Y- e Thermal Shutdown
The SA22300 is available in a SOP8 package. * Package: SOP8
e Automotive AEC- Q100 Grade 1 Certified
Applications
e Automotive 12-V Battery Application
. DC-to-DC Converters
* LIDAR Power Supply
e  Battery-powered Boost, Flyback, Sepic
Typical Application Circuit
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Figure 1. Boost Application Figure 2. Efficiency vs. Output Current
Vsupeuy Vsupeiy
O
Cin % Ro G i

I

gCOMP
R, %
C, I

Figure 3. Flyback Application

VIN
GATE

E

COMP
R, %
C; l

Figure 4. Sepic Application

ISEN

GND#
FB

<
(@]

C

Cvece

=

DS_SA22300 Rev. 1.0
© 2024 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

1
All Rights Reserved.



S

SIIERGY

SA22300

Ordering Information

Pinout (top view)

Ordering T e
Part Number Package Type Top Mark e 5]
SOPS8 SENZ] - cour
SA22300FAP RoHS-Compliant, Halogen-Free FEMxyz
X =year code, y = week code, z = lot number code GND[3] Svin
GATE[4 | Blee
—

Pin Description

Pin No | Pin Name Pin Description

1 EN Enable pin, apply logic high signal to enable the device.

2 ISEN Current sense input pin. Voltage generated across an external sense resistor is fed into this pin.

3 GND Ground pin.
Gate driver output. Connect to the gate of the external N-channel MOSFET. GATE pin will turn

4 GATE into high impedance state when EN is off. Put a 10kQ resistor between MOSFET gate and
source or GND to prevent electric accumulation of gate charge.

5 VCC 10.5V internal LDO output from VIN. Do not leave open, bypass with 1uF ceramic capacitor.
Power supply input pin. A 100nF ceramic capacitor is recommended to be placed close to VIN

6 VIN and GND pin.

7 COMP External compensation pin. Connect RC network from this pin to GND to compensate the
control loop.

8 FB Output voltage feedback pin. The output voltage reference is 1.2V.

Block Diagram
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Figure 5. Block Diagram
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A SA22300
Absolute Maximum Ratings

Parameter (Note 1) Min Max | Unit
VIN, EN -0.3 40

FB, ISEN, COMP -0.3 6 V
GATE, VCC -0.3 13
Junction Temperature Range -40 150

Lead Temperature (Soldering, 10 sec.) 260 °C
Storage Temperature Range -65 150

ESD Susceptibility

HBM (Human Body Mode) 2000 vV
CDM (Charge Device Mode)All pins 500
Thermal Information

Parameter (Note 2) Typ Unit
B.a 98.5 oc/
GJB 58 W
WYir 10

Po Power Dissipation Tp= 25°C 1.26 W
Recommended Operating Conditions

Parameter (Note 3) Min Max | Unit
Supply Voltage VIN 3.45 36 Vv
EN 0 36
Ambient Temperature Range -40 125 °C
DS_SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 1
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Electrical Characteristics
(3.45V=VINS36V,-40°C<Ta<125°C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ | Max Unit
VIN UVLO Rising
Threshold Vuvio R 3.05 | 3.225 | 3.45 V
VIN UVLO Falling Vuvio_F 29 3.1 3.35 Vv
Shutdown Current Isp Ven=0V 1.6 3 MA
Operating Current lop Ven=3V, no switching 0.5 15 2.5 mA
VCC Output Voltage Vvee lvec=10mA, Vin=12V 9.2 105 | 11.8 Vv
Drop Out Voltage Vbrop Ilvec = 50mA 0.4 1 \%
VCC Current Limit Ivec_umH VCC drop 10% 60 120 mA
VG VCC Under Voltage
Reset Rising Vvce R 2.85 3.0 3.15 Vv
Threshold
VCC Under Voltage
Reset Falling Vvce F 2.75 29 3.05 \%
Threshold
EN Pull-Down Current | len 0.5 1 MA
EN EN Logic ‘1’ Threshold | Ven_n 1425 | 15 | 1575 Y
EN Logic ‘0’ Threshold | Ven_L 1.380 | 1.45 | 1.520 \Y
EN Hysteresis Voltage | VEN nys 0.03 | 0.05 | 0.08 \%
Switching Frequency fsw 153 170 187 kHz
Oscillator Minimum On Time ton_MIN 85 140 210 ns
Minimum Off Time torr_mIN 280 450 620 ns
Output Feedback Vet 1176 | 12 |1224| Vv
Reference
FB&SS FB Pull up Current Ire_Pu 0.1 0.2 MA
Soft-start Time Tss From 10%Vret t0 90%V et 4.8 6 7.2 ms
Transconductance of
Error Amplifier Om_ea 800 | 1200 | 1680 uS
COMP Sourcing
Current lcomp_source 80 130 180 MA
gOMP tS'”k'”g lcoMP_SINK 80 | 130 | 180 | pA
Error Amplifier urren -
COMP High Clamp Vcomp_HIGH 1.15 1.2 1.25 \%
COMP Low Clamp Vcowmp_Low 320 350 380 mV
COMP Low Threshold
Stop Switching Vcomp_BURST 370 400 430 mV
Slope Compensation VsLoPE D=100% 90 110 130 mV
ISEN Pull up Current lisen_pu 10 30 50 MA
Cycle by Cycle
Current Limit Veu 360 400 440 mV
Current Sense | Threshold Voltage
Over Current
Protection Threshold %VeL Percent of VcL 125 150 175 %
Voltage
Sg‘;e Driver HSFET | 26 on 14 | 28 | 49 | q
Gate Driver -
Sate Driver LSFET RLs_on 0.65 15 2.9 Q
on
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Thermal Shutdown o
Thermal Threshold Tso 150 | 165 | 180 C
Shutdown Thermal Shutdown o
Hysteresis Tsonvs 10 15 20 C
FB Short -
L Short Circuit .
Circuit . Threshold Voltage Vscp Vrs as percent of Vrer 60 67 75 YoVREF
Protection

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

Note 2: 0 ja is measured in the natural convection at Ta = 25°C. Device mounted on an 8.5x8.5cm FR-4 substrate PCB,
20z copper, 2 layers.

Note 3: Electrical characteristics are not guaranteed outside its operating conditions.

Note 4. Guaranteed by design. Not tested in production.
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Typical Performance Characteristics

(Ta=25°C Boost Application)

Startup from Viy Startup from Viy
(VN=12V,Vour=24V,loyr=0A) (Vn=12V,Vour=24V,lour=1A)

Vi 10V/div Vi 10V/div

1
[
Tf

Vour 10V/div [ Vour 10Vidiv I

Veate 10V/div Veate 10V/iv

Viee 10V/div . Viee 10Vidiv
Time (4ms/div) Time (4ms/div)
Shutdown from Vg Shutdown from Vy

(VIN =12V,Vour=24V, OUT=0A) (V\N =12V,Vour=24V,loyr= 1A)

Vi 10V/div: 4 Vi 10Vidiv

Vour 20V/div

b L .
.y, Vour 20V/div

Veare -10V/div

Veate - 10V/div

: l‘ Viee  10Vidiv

Vice 10Vidiv

B B
Time (10ms/div) Time (4ms/div)
Startup from Enable Startup from Enable

(Vin=12V,Vour=24V,loyr=0A) (Vn=12V,Vour=24V,loyr=1A)

Vey 10V/div Ve | 10Vidiv

Vour 1QV/d iv i

Vour 10V/div

Veate iOV/diV Veate 10V/div

Vice 10V/div Vvce 10V/div

Time (4ms/div) Time (4ms/div)
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Shutdown from Enable
(Vn=12V,Vour=24V,lou1=0A)

u

Vey 10V/div.

Vour 20V/div

Veare -10V/div

Viee  10Vidiv
3
Time (4ms/div)
Output Voltage Ripple
(Vn=12V,Vour=24V,loyr=0A)
L1}
AVoyr 100mV/div
" omin
Veare 10V/div
i -
I 500mA/div f \ vﬁ / \
s \
Time (10us/div)
Load Transient Response
(Vin=12V,Vour=24V,loy1=0.25A~1A)
- i . .
AVoyr 500mVidiv
sty i —— 3

Time (2ms/div)

Shutdown from Enable
(Vn=12V Vour=24V,lour=1A)

¥

U

Ven  10VAdiv

Vour -20V/div.

4

Veare -10V/div

Viee 10VAdiv

Time (800us/div)

Output Voltage Ripple
(Vn=12V,Vour=24V,lour=1A)

| AVour 200mV/div

1 o

LR R

"ud.u]ul—ﬁa—'ﬂ
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B B E R g g e R e e N

W el e . e g

'y

I 2A/div

VVAAAAY

Time (10us/div)

Load Transient Response
(V=12V,Vour=24V,loyr=0~1A)
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1L 1A/div
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i

Time (2ms/div)
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Output Over Current Protection CBC current limit protection
(ViN=12V,Vour=24V,loy1=0.2A) (Vin=12V,set Vour=24V, Vour force 22.8V)
Vour - 10V/div. -] Vour - 10V/div
Veate 10V/div
¥ B :
Veare 10V/iv
&)
)
I SAVd I 2A/div
Time (20ms/div) Time (800us/div)
ISEN Open Protection VCC Short Circuit Protection
(ViN=12V,Vour=24V,loy1=0.2A) (Vn=12V,Vour=24V,lour=0.2A)
' _ Viee 10Vidiy .
Vour 10V/div
Vour  20Vidiv i ]
Visen 1V/div RNty
.......... i B P e ] :
Voate 10Vidiv
Veowe  0.5V/div .
i . .VGATE 10V/div . . : :
Time (20ms/div) Time (2ms/div)
FB Short Protection FB open Protection
(VN=6V,Vour=24V,loyr=0.35A) (VN=12V,Vour=24V,lour=0.5A)
U i Y
. Vour 20Vidiv
1 Ves - 1Vi/div
- Vour 10Vidiv
Voare - 10Vidiv i o
[
Ve 2VIdiv
Time (20ms/div) Time (800us/div)
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Efficiency VS Load Current
(lour=0~1A, L=47uH Boost) Boost Bode Plot
100 (Vv = 12V, Vour = 25V, lout = 0.5A, L=47H)
180
95 - i o S sl 135
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65 —— 16Vn/24Vour ] 40 180
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0 01 02 03 04 05 06 07 08 09 Red Cursar Infom aion Frequency (Hz) Blue Cursor Infomn aton:
Band Width: 3.54598 kHz Frequency: 34.678kHz
Load Current (A) Phase Margin: 58.4140 deg Gain: -20.730 dB
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Detailed Description

The SA22300 is a non-synchronous controller for Boost,
Flyback and Sepic applications. The controller integrates
a gate driver with 1.5A current capability, which can
drive external MOSFET fast. Considering the operation
stability and ease of use, peak current control strategy
with built-in slope compensation is adopted, where the
switching current is sensed through an external resistor
to control the on-time. The SA22300 has a fixed-
frequency clock (170kHz) to ensure constant operational
frequency. During light load operation, the controller will
enter burst mode to improve light-load efficiency.

The SA22300 has several built-in protection features
and is suitable for harsh automotive environment. On the
basis of peak current control, the SA22300 possesses
fast and accurate cycle-by-cycle current limit and over
current protection (OCP). Once the voltage drop of
sense resistor exceeds OCP threshold, the controller will
enter hiccup mode to prevent overheating of the external
MOSEFT. Besides, the SA22300 also has VCC short,
FB short, ISEN pin open and FB pin open protection.
These protection measures help to improve the system
reliability and make the controller robust for complicated
automotive environment.

Current Mode Control

The SA22300 uses a fixed frequency peak current mode
control architecture. The peak current through the
external MOSFET is sensed through an external sense
resistor and fed into the ISEN pin. The sensed current is
added to the slope compensation ramp and fed into the
positive input of the PWM comparator. The output
voltage is also sensed through an external feedback
resistor divider network and fed into the error amplifier
negative input (feedback pin, FB). The output of the error
amplifier (COMP pin) is fed into the negative input of the
PWM comparator. At the start of any switching cycle, the
oscillator sets the RS latch using the switch logic block.
This forces a high signal on the GATE pin and the
external MOSFET turns on. When the voltage on the
positive input of the PWM comparator exceeds the
negative input, the RS latch is reset and the external
MOSFET turns off.

COMP

Figure 6. Peak Current Mode Control Scheme

Under Voltage Lockout
The SA22300 has input undervoltage lockout (UVLO)
protection. If VIN pin voltage drops below the UVLO
falling threshold, the device will shut down. It will not
restart until VIN pin voltage surpasses the UVLO rising
threshold when enabled.

EN_/
VIN 7‘3 “VIN UVLO_R

/" VCCUVLO_R

VIN UVLO_F ¥

VvCC

Veee 7~ T T

S]Ig
I

Vcomp COMP Low Clamp —

GATE

Figure 7. Start-up by VIN

WN_/
EN
130u5i VCCUVLO_R
vee Y

§ , VREE,”'ﬁ
i lms |
Ves -
Veomp COMP Low Clamp —~

GATE

Figure 8. Start-up by EN

The minimum supply voltage after start-up can be further
decreased by supplying the VIN pin from the Boost
converter output or an external power supply.

VsuppLy L

. YN o
Cin Vour
y
VIN i
QJw
EN GATE I
Res%
ISEN

- Rsen
GNDS§
compP FEg——— |
RZ{
C, I

I

<
(o)
O

Cvce

.

Figure 9. Decrease the Minimum Operating Voltage
after Start-up
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Protection Features
The SA22300 has integrated output short circuit
protection, output over current protection, thermal
shutdown protection features, etc.
Table 1. Protection Features
Protection | Threshold Re_?__ponse Operation
ime
Rising: Shutdown when
Thermal 165°C temperature>165°C
Shutdown Falling: Restart when
150°C temperature<150°C
Cycle-by-
Cycle Ve =400mV | 80ns c_yc_le-by-cycle current
Current limit.
Limit
Output Over .
Current 150%VcL 80ns ':e'ggssrm()de auto
(OCP) )
VCC Under vV 15us Turn off GATE, reset
Voltage veer H COMP and SS.
VCC Short Reduce current limit by
Circuit 50%Vvee | 80ns 30%.
100nA pull-up current,
FB Open FB voltage increase
and stop switching.
30pA pull-up current,
ISEN Open trigger OCP.
Hiccup mode auto
Eﬁcsuri]tort 67%Vrer 400ns recover, typical 30ms
hiccup period.

VCC Over Current Protection

The SA22300 features VCC over current protection.
When the VCC voltage drop below UVLO falling
threshold, the GATE will turn off after 15us delay and the
SS and COMP will be pulled down. When VCC voltage
drop 50%, the VCC current limit will be reduced by 30%.

EN J
SVINWLO R
VIN Short circuit
00u Short circuit
“™ VCCUVLOR VCCUVLO_F\. removal_/"yecuvio R
vcc 50% h)
Cument limit
VvCC
current Y 70% Current fimit
] —————— -- -
| ms ,
1ms | P |
Ves ! 1505 !
ss o — L —
Veowp COMP Low Clamp COMP Low Clamp
GATE

Figure 10. VCC Over Current Protection

Output Current Limit

The voltage drop of external current sense resistor
reflects the current information of the external MOSFET
and is fed to ISEN pin. On this basis, SA22300 features
cycle-by-cycle current limit and over current protection.

If the voltage between ISEN and GND pin exceeds
cycle-by-cycle current limit value (Vcu), the external
MOSFET will be turned off for the remainder of the cycle.
In cycle-by-cycle current limit state, the IC still operates
with the internal fixed frequency.

lload /

Veu

Current
sense

Vour

Figure 11. Cycle by Cycle Current Limit

If the voltage between ISEN and GND pin exceeds over
current protection threshold (typically 150% Vci), the
device will enter hiccup operation until the over current
situation is removed. In hiccup operation, the internal SS
will be pulled down and the device will remain off for
around 30ms. After the hiccup time, the device will

restart.
load -

150%Ve.
— u
Ve :
Current sense /\/\/\/W . j\/\/\/\/\
Tan ||
Vour ﬂ
eate [ ULTLULLLLT e
s — 000 3oms 30ms

Figure 12. Output Over Current Hiccup Protection

Overtemperature Protection
The SA22300 provides thermal shutdown protection.
The device goes into thermal shutdown when the

junction temperature exceeds typically 165°C. In this

mode, the gate is turned off and the VCC is shut down.
When the junction temperature falls below typically

150°C, the controller will be re-enabled automatically.

#-VIN WLO_R
\/\Nj

130005

“CCUVLO_R
vee

i1ms
s

Temperature

COMP Low Clamp CDM
Veour

Figure 13. Overtemperature Protection
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Short Circuit Protection

When the FB voltage falls below the short circuit
threshold, the device will enter short circuit shutdown
mode and will remain off for a hiccup time and then go
through the soft-start. Notice that the short circuit
detection is inactivated during soft-start time.

HVIN UVLO_R
VIN /|

500us/VCC UVLO_R
vee — [ Hic-cup time
+ . | 30ms

COMP High Clamp
COMP Low Clamp / /

Voo 5 e S |

Short circuit

Signal

Figure 14. Short Circuit Protection

Applications Information

Feedback Resistor Dividers Rrg1 and Res2

Choose Rrs1 and Rrs2 to program the proper output
voltage. Choose large resistance values for both Rrs:
and Rrs2 to minimize the power consumption under light
loads. It's highly recommended for Rrs2 to choose value
between 1k and 50k, then Rre1 can be configured using
the following equation:

Vour —1.2V

Reg = Y, Reg,
Vour
Res1
FB
Res2
GND

Current Sense Resistor

An external current sense resistor Rsen is used to sense
the current flowing through the MOSFET. The sensed
voltage is fed to the ISEN pin for peak current control
and current limit protection. The SA22300 features two
current limit protections, cycle-by-cycle current limit
(Vci=400mV) and over current hiccup protection
(150%VcL). The sense resistor should be selected as
follows:

400mV

RSEN = |
CBC

Icec: desired cycle-by-cycle peak current limit value(A).

It is recommended that the voltage of the ISEN pin do
not exceed 250mV during normal operation.

Diode

The output diode rectifies the output current. The
average current through the diode is equal to the output
current, so the current rating of selected diode should be
larger than the maximum output current. In Boost
application, the maximum reverse voltage of the diode is
equal to Vour. Choose diode with voltage rating larger
than 150%Vour. It is better to select a Schottky diode to
reduce the reverse recovery loss.

Power MOSFET

The selection of MOSFET mainly focus on the aspects
of voltage rating, gate driver capability and power
dissipation. In Boost application, the maximum voltage
across MOSFET is equal to Vour. Considering the
voltage spike caused by parasitic capacitance, it's
recommend to choose the Power MOS with voltage
rating larger than 150%Vour.

The total gate charge (Qg) should be within the following
range to prevent VCC current limit:

|
VCC_LIMH o . .
Qg < —————(Minimum lvcc_umi=60mA)
sw

The power dissipation of MOSFET consists of
conduction losses and switching losses. Conduction
losses are determined by Ron of the Power MOS.
Switching losses occur during the rising and falling time
of the switch node and can be reduced by selecting
MOSFET with small parasitic capacitances. However,
small parasitic capacitance usually means large Ron. Try
to achieve a balance between conduction losses and
switching losses when selecting the Power MOS.

It should be noted that the gate pin goes into high
impedance state when EN is off. Put a 10kQ resistor
between MOSFET gate and source or GND to prevent
electric accumulation of gate charge.

Inductor

The inductor value affects current ripple rate (CRR), the
location of right half plane (RHP) zero and the slope
compensation. Large CRR will cause more power loss of
the magnetic component. CRR around 0.4 is a
reasonable value. In this way, inductor value can be
decided as follow:

| _ 1-D)°DR,
CRR-f,
It is obvious that CRR changes when the operating duty

varies. Choose D=0.33 or D near 0.33 to calculate,
where CRR becomes the biggest.

DS_SA22300 Rev. 1.0
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After the calculation above, RHP zero and slope
compensation needed to be considered. Inductor of too
large will cause low crossover frequency, which is not
beneficial to the control loop speed. Inductor of too small
may result in sub-harmonic oscillation. So, the calculated
inductor value can be adjusted properly if needed.

Loop Compensation

The SA22300 incorporates peak current mode control
strategy. To achieve a balance between the stability and
speed of the control loop, we need a compensation
network on COMP pin. In most applications, network
shown in the following figure is widely used. The function
of Cp is to generate a high-frequency pole which can
counteract the high-frequency zero brought by output
capacitor ESR. In applications where capacitor ESR is
very small, Cp can be eliminated.

FB CcomP

Vref R,

oY

Cz

1) Select crossover frequency fe.

Boost converters have RHP zero (frrp 7). It can raise the
gain and lower the phase margin, to make stability of
system. The location of fc should be away from frrp 2.
Generally, fc should be lower than 1/10~1/5 fsw or
1/10~1/5 frup 2z, depending on the smaller one. The frrp 2
changes with Ro and D. Calculate the minimum frrp_z as
following:

(l_ Drmx )2 RO
Prwe 2 ==

2) Select resistor Rz.
Resistor Rz is selected according to the location of fc. It
can be calculated with the following equation:

— 2ﬂlRSEN chovo
Z 7
(1_ Drmx )gm_eaVREF

where gm_ea is the transconductance of error amplifier.

3) Select capacitor Cz.
Capacitor Cz together with Rz provides a zero

Frequency f. should be lower than fc to raise the phase
margin. However, if f; is too low, the system response
will be overdamped. It is recommended to set f; between
fc and the low frequency pole (fr_L) brought by output
load.

1
21R.C,

fPiL -

After choosing a proper value of f;, capacitor Cz can be
calculated as:

Design Example

A design example of Boost application is shown below
step by step.
Identify Design Specification

Vin Vout lo
9V~16V 24V 1A

Inductor Selection
Firstly, operating duty range can be calculated according
to the design specification above.

=1_VIN_min v

D,., =1-——=0.625
Vour 24
Vv
Dy, =1- = _1-1% o33
VOUT 24V

Choose D=0.33 and CRR=0.4 to calculate L.

(1-0.33) x0.33x 22V

A ~52.3H

L= (1-D)’DR, _
CRR-fg, 0.4x170kHz

Considering standard inductor value, we choose 47uH in
this example.

MOSFET Selection

According to the design specification, a 60V MOSFET
with small Ron is chosen in this example. Make sure Qg
of the selected MOSFET satisfies:

compensation (fz) to improve the system stability. Q < 60mA
¢ 170kHz
o 1
Z 27R,C, In this example, it's recommended to put a 10kQ resistor
between MOSFET gate and source. This can prevent
DS _SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 11
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electric accumulation on MOSFET gate.

Rsen Selection
Firstly, inductor current during normal operation should
be calculated. When Vin voltage is low, input current will

be large. In this example, we choose Vin=9V to calculate.

When Vin=9V, duty cycle D=0.625. Inductor current
ripple is:
V,y 9V x0.625

Al = D= =07A
Lf,,, 47 1H x170kHz

Assuming converter efficiency=0.9, the average input
current is:

_ Volg 24V x1A
MV, <09  9vx0.9

Peak and valley inductor current is:

1

Ipeak = Iave+EA||_ ~3.35A
1

Ivalley: Iave _EAIL ~ 2.656A

Considering the operating margin, we choose
Rsen=50mQ in this example. Cycle-by-cycle current limit
value is:

_400mv
B¢ 50mQ

8A

Finally, check whether the slope compensation is
enough by comparing the falling slope of current sense
signal with the internal slope rate.

The falling rate of inductor can be calculated as:

VoV, _2-9

S; 2 Reey = 27 x50mQ ~16mV/ s

Internal slope rate can be roughly estimated as:

S, =V, opefy =110mV x170kHz ~18.7 mV/ s

It is obvious that St=Se and the slope compensation is
enough.

It should be noted that the estimation of the slope rate
above is based on the constant slope assumption.
Actually, the internal slope rate is bigger than the
estimation above when D>0.5. It is specially designed to

offer sufficient slope compensation.

Cour Selection

Output capacitor is used to smooth the voltage ripple.
The following equation is used to calculate the minimum
capacitance. Assuming the output voltage ripple is 1%,
we have:

16D _  1Ax0.625 . .
AV fo, 1%x 24V x170kHz

Cour =

Considering the voltage drop during the load transient,

as well as the capacitance drop of ceramic capacitor, we

choose four 10uF ceramic capacitors. A 47uF

electrolytic capacitor is also chosen in this example.

Loop Compensation

1) Calculate the RHP zero frequency frepz and
crossover frequency fe.

(1_ Drmx )2 RO
fRHPfZ :T

(1-0.625)2 x 22V

=— 1A 11.43kHz
27 x 47 uH

Set fc=frup_2/6=1.9kHz.

2) Calculate Rz according to the following equation:

_ 27mRgy f.CV,
© (=D eVeer
_ 27 x50mQ x1.9kHzx 67 uF x 24V
(1-0.625)x 120048 x1.2V
~1.78kQ

We choose Rz=2kQ in this example, and the fc becomes
2.2kHz.

When calculating Rz above, 50% capacitance decrease
of ceramic capacitor is considered.

3) Finally, we need to choose proper Cz.
If Cz=47nF, the compensated zero can be calculated as:

1 1
2mR,C, 27 x2kQx4TnF

f, = =1.7kHz

In this way, f.<fc and the compensated zero can raise the
phase margin around the crossover frequency.

DS_SA22300 Rev. 1.0
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Boost Application Schematic (Typical vin=12V, Vour=24V, lour=1A)

9~16V L D 24V/1A
R ~ T o
I J I=Te
C; Cis
_L—|' VIN \Y/elo) _"_-L-
- A ] |
LEN GATE [—MW I :«_—I
RZ  Q
GND ISEN
R
Cis Ry Ry R —
F-w—comp FB —e—W—W—
= u1 iRs
Boost BOM List
Reference Designator Description Part Number Manufacturer
R2 50mQ, 1206 YAGEO
Rs, Rs 10kQ, 0603 YAGEO
Rs 0Q, 0603 YAGEO
Rz 2kQ, 0603 YAGEO
Ro 91kQ, 0603 YAGEO
R1o 100kQ, 0603 YAGEO
C1, Cua E-Cap 47uF, 80V EEHZC1K470P Panasonic
C2~Cs, Cs~Cus Cap 10uF, 50V, 1206 GCM31CD71H106KE36L Murata
C7 Cap 100nF, 50V, 0603 GCM188R71H104KA57D Murata
Cis Cap 1pF, 25V, 0603 GCM188R71E105MA64D Murata
Cis Cap 47nF, 50V, 0603 GCM188R71H473KA55D Murata
L Inductor 47uH SLF12575T-470M TDK
D SMT Schottky SS310 cJ
Q1 SMT MOSFET BSC0804LSATMAL Infineon
U Controller SA22300 Silergy
DS_SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 13
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Flyback Application Schematic (Typical Vin=12V, Vour=12V, lour=1A)

9~16V 12V/I1A

VIN O ‘ ’ O VOUT
ClL Cg~C7J‘
| | 1 VIN VCC
= CBI L
EN GATE
GND ISEN
Cis Ri
+— HW\—gowmp FB
= Ul
Flyback BOM List
Reference Designator Description Part Number Manufacturer
Rs Res 0Q, 0603 YAGEO
R2 Res 50mQ, 1206 YAGEO
R1, Rs Res 10kQ, 0603 YAGEO
R13~R1s Res 6.8kQ, 1206 YAGEO
Ri2 Res 3.9kQ, 0603 YAGEO
Ro Res 15kQ, 0603 YAGEO
R1o Res 75kQ, 0603 YAGEO
Ci, C2 E-cap 47uF, 80V EEHZC1K470P Panasonic
C3~C7, C10~Cus Cap 10uF, 50V, 1206 GCM31CD71H106KE36L Murata
Cs, Co Cap 47nF, 250V, 1206 GCJ31CR72E473KXJ3L Murata
Cis Cap 47nF, 50V, 0603 GCM188R91H473KA37D Murata
Cis Cap 100nF, 50V, 0603 GCM188R71H104KA57D Murata
Cua Cap 1pF, 25V, 0603 GCM188R71E105MA64D Murata
T Transformer L=9uH 750313443 Wurth
D1, D2 SMT Schottky, 100V, 3A SS310 CJ
Q1 SMT MOSFET, 100V, 40A BSCO0804LSATMAL Infineon
Ua Controller SA22300 Silergy
DS_SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 14
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Sepic Application Schematic (Typical Vin=12V, Vour=12V, lour=1A)

9~16V

VIN o

CIFC2~C4

Sepic BOM List

1

H

VIN VCC

C

12f

—
=3 ‘l‘
'“-_r

EN GATE

ﬁOVOUT
Cu Cs‘Cs+ Cio

1

Il

GND ISEN

C15 R12

COMP FB

U1

12VI1A

Reference Designator Description Part Number Manufacturer
Rs Res 0Q, 0603 YAGEO
R2 Res 50mQ, 1206 YAGEO
R1, Rs Res 10kQ, 0603 YAGEO
Ri2 Res 3.9kQ, 0603 YAGEO
Ro Res 15kQ, 0603 YAGEO
Rio Res 75kQ, 0603 YAGEO
C1, Cuo E-cap 47uF, 80V EEHZC1K470P Panasonic
C2~C4, C5~Cs Cap 10pF, 50V, 1206 GCM31CD71H106KE36L Murata
Cn Cap 4.7uF, 100V, 1210 GCM32DC72A475KEO2L Murata
Cis Cap 47nF, 50V, 0603 GCM188R91H473KA37D Murata
Ci2 Cap 100nF, 50V, 0603 GCM188R71H104KA57D Murata
Cia Cap 1pF, 25V, 0603 GCM188R71E105MA64D Murata
L1 Coupled Inductor 22uH 7448709220 Wurth
D SMT Schottky, 60V, 10A PMEGO060V100EPDZ NXP
Q1 SMT MOSFET, 100V, 40A BSCO0804LSATMAL Infineon
Ua Controller SA22300 Silergy
DS_SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 15
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Layout Design

The layout design of the SA22300 is relatively simple.
For the best efficiency and minimum noise problem, the
following components should be placed close to the IC:
Cin, Cvcc, R1, C1, R2, Rs.

Maximize the PCB copper area connected to the
GND pin to achieve the best thermal and noise
performance. If the board space allowed, a ground
plane is highly desirable. Place some vias in GND
copper for heat sinking too.

Cin must be close to Pins VIN and GND. The loop
area formed by Cin and GND must be minimized.

Minimize the PCB copper area LX-Vour-GND-LX to
avoid the potential noise problem.

VIN

GND

GNDO| VCC

OVIN

ool I
"B o
(o]

G0 ol T

GND
Remain complete GND copper

To avoid the noise problem, ensure that the feedback
components R2 and R3 and the trace connecting to
the FB pin are not adjacent to the LX net on the PCB
layout.

The feedback sampling point should be connected
with Cour.

If the system chip interfacing with the EN pin has a
high impedance state at shutdown mode and the VIN
pin is connected directly to a power source such as a
Li-lon battery, it is desirable to add a pull down 1TMQ
resistor between the EN and GND pins to prevent the
noise from falsely turning on the regulator at
shutdown mode.

GND

ISEN ]
o[ EN ]|

O
VIN

for 1C on the bottom layer

Figure 15. Layout Design

DS_SA22300 Rev. 1.0
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SOP8 Package Outline and PCB Layout Design
N
. [ L 14
T O i iR J
. Y E@., 0.40-127 1
——‘ ‘——0.30—0.51
Top view Side view
!
i
1.E7TYP~‘ ‘
‘ 4,70-5.10 a 5
il sl
———Ft27 ;e f

1.30-1.75—

l——|-0.60

Front view Recommended Pad Layout
(Reference only)

Note: All dimensions are in millimeters and exclude mold flash and metal burr.
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Taping & Reel Specification

Taping Orientation

[——23.9/4.1 ’
_"l /145155
| O (b (?5 o O O
|—G.3U—5.SD—| i
S e F _[ { o mm 0 o |
™ | 2 [ nm| . am)
- mm) I == mm m nm|
F ! 7 90-8.10: ! 200-23

Feeding direction —

Carrier Tape & Reel specification for packages

Package Tape width Pocket Reel size Trailer Leader Qty per reel
types (mm) pitch(mm) (Inch) length(mm) | length (mm) yp
SOPS8 12 8 13" 400 400 2500
Others: NA
DS_SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 18
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Revision History

The revision history provided is for informational purpose only and is believed to be accurate, however, not warranted.
Please make sure that you have the latest revision.

Date Revision Change Pages changed
Oct. 17, 2023 | Revision 0.9 | Initial Release. -
Aug. 01, 2024 | Revision 1.0 Update Output Typical Performance Characteristics of over current 6

protection, ISEN open protection, FB short protection.
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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 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
© 2024Silergy Corp. All Rights Reserved.

DS_SA22300 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 20
© 2024 Silergy Corp. All Rights Reserved.



