Application Note: SA22307

High Efficiency, 40V Input

Single Inductor Synchronous Step Up/Down Regulator

S/IERGY

Advanced Design Specification

General Description

The SA22307 is a high voltage synchronous Buck-
Boost converter. The device operates over a wide
input voltage range from 4V to 40V. The SA22307
offers two operational modes, PSM and FCCM,
under light load condition. The four-integrated low
Robs(on) switches minimize the conduction loss.

The SA22307 features external soft-start, enable
control, open drain power good indicator and 1uA
shutdown current. The SA22307 also includes full
protection features, such as output over current limit
protection, short circuit protection, over voltage
protection and thermal shutdown for reliable
operating.

The device is available in compact QFN5>5-30
package.

Ordering Information

SA22307 (O O)O
L Temperature Code
Package Code
Optional Spec Code

Features

e 4V 10 40V Input Voltage Range
e 3V to 20V Output Voltage Range
e Low Rpsony for Internal Switches: 35mQ
e  External Soft-start Limits the Inrush Current
e  1pA shutdown current
e  7A Internal Switch Peak Current Capability
e  Programmable Frequency 200kHz~600kHz
e  1.0V+2% Reference over -40<C to 125<C
e  Light Load Operating Mode Selection:
PSM or FCCM
e  Power Good Indicator
e  Hic-cup Mode for Output Short-circuit Protection
e  Qutput Over Current Protection
e  Thermal Shutdown with Auto Recovery
e  Compact Package: QFN5>5-30
e  Automotive AEC- Q100 Grade 1 Qualified

Applications

e  Automotive
. Infotainment

Ordering Number | Package type Note
SA22307TVA QFN5>5-30 e High-Voltage DC-DC Converters
Typical Application
Efficiency vs. Output Current
(PSM, L=2.2uH/PCMB104T2R2MS)
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Figurel. Typical Schematic Diagram
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Figure2. Efficiency vs. Output Current
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Pinout (Top View)
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Top Mark: CBKxyz (Device code: CBK, x=year code, y=week code, z= lot number code)

Pin Name | Pin Number Description
IN 1,2,3,4 Power input pin, decouple this pin to GND with at least a 10uF ceramic capacitor.
LX1 5,28,29 Switching node 1.
EN 6 Enable _con;rol. Pu_II high to enable the device, pull low to disable the device. Do not
leave this pin floating.
Sync input or operating mode selection under light load. If connected to GND or
SYNC open, PSM (Power Saving Mode) _ope_ration is enabled. If connected to VCC or
7 external clock, force-PWM operation is enabled. When connected to an external
/MODE . . . o
clock, the internal oscillator synchronizes to the external clock. This pin has an
internal 1MQ pull down resistor.
NC 8 No connection, tie directly to the GND pin or leave it floating.
sS 9 Soft-start pin. Connect a capacitor from this pin to GND to program the soft-start time.
Leave this pin open for default 1.6ms soft-start.
Es 10 Frequency setting pin. Connect a resistor from this pin to GND to program the
switching frequency between 200kHz to 600kHz.
VCe 1 Intern_al 3.3V bias supply. Decouple this pin to GND with a minimum of 1uF ceramic
capacitor.
12, 26, 27, .
GND Exposed Pad Ground pin.
FB 13 Outp_ut feedback pin. Connect this pin to the center point of the output resistor divider
to adeSt the Vout voltage: VOUTZVREF><(1+R|:|31/R|:|32)
COMP 14 Compensation pin. Connect RC network between this pin and ground.
Negative input of average current sense amplifier. Short to ISP and then connect to
ISN 15 PO
OUT if it is not used.
Positive input of average current sense amplifier. Short to ISN and then connect to
ISP 16 e
OUT if it is not used.
PG 17 Power good indicator. Open drain output. Externally pulled high when the output

voltage is above 93% of regulation voltage. Pulled low otherwise.
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LX2 18,24,25 Switching node 2.

ouT 19,20,21,22 | Power output pin. Decouple this pin to GND with at least a 10uF ceramic capacitor.

BS2 23 Boot-strap pin. Supply high side gate driver. Connect a 0.1uF ceramic capacitor
between this pin and the LX2 pin.

Boot-strap pin. Supply high side gate driver. Connect a 0.1uF ceramic capacitor
between this pin and the LX1 pin.

BS1 30

Block Diagram
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Absolute Maximum Ratings (Note 1)

IN, LX1 -0.3V to 44V
OUT, LX2, ISP, ISN -0.3V to 28V
EN, PG, SYNC/MODE - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -0.3V to 44V
COMP, VCC, SS, FB, FS -0.3V to 4V
BS-LX -0.3V to 4V
Power Dissipation, PD @ Ta = 25<C, QFN5>5-30 3.5W
Package Thermal Resistance (Note 2)

0 ja 28TIW

0 i 2.8CIW
Junction Temperature Range -40<C to 150<C
Lead Temperature (Soldering, 10 sec.) 260<C
Storage Temperature Range -65C to 150C
Recommended Operating Conditions (Note 3)
Input Voltage Range -- 4V to 40V
Output Voltage Range 3V to 20V
Ambient Temperature Range -40<C to0 125<C

Electrical Characteristics
(Vin =12V, T; = -40T to +125<C, Typical values are at T,=25<C, unless otherwise specified, the values are

guaranteed by test design or statistical correlation

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Input Voltage Range Vin 4 40 \Y
Input UVLO Threshold Vuvio 3.3 3.9 \Y
Input UVLO Hysteresis Vhvs 0.3 \Y
LDO Output Voltage Vipo Vin=12V, No Load 318 | 33 | 34 \Y
LDO OQutput Current Limit lLmTLD0 30 | 70 | 130 mA
Quiescent Current lo No switching 200 | 260 LA
EN=0, T;=25<C 1 2 LA
Shutdown Current IsHoN EN=0. T, = -40<C to 125C 5 LA
T, =25<C, internal reference 099| 1 [1.01 \Y
Feedback Reference Voltage VRer _TJ =-40Cto 125<C, 098 1 102 v
internal reference
FB Input Current Irs Ves=3V -50 50 nA
Internal FET Ron Roson) 35 60 mQ
Peak Inductor Current Limitation | lpk mT 6 7 8.5 A
Ilf?r\rg?tr:gon Inductor Current Inea Force-PWM P 35 A
Zero Current.Detection Threshold | Izero PSM 500 mA
EN Rising Threshold VENR 1.1 |12 ] 13 \Y
EN FRalling Threshold VENnE 08 | 0.9 1 \Y
InternahSoft-start Time tss SS pin floating 0.7 | 16 | 32 ms
Soft-start Charging Current Iss 4 5 6 pA
Soft-start Done Threshold Vss 1 \Y
g‘;”r:g:'”g Frequency Program | ¢ e | Res=83.3k~250k 200 600 | KHz
Switching  Frequency  Setting faw Res=100kQ 430 | 500 | 570 KHz
Accuracy
Minimum ON Time ton,MIN (Note 4) 120 | 150 ns
Minimum OFF Time torr,MIN (Note 4) 80 | 120 ns
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Parameter Symbol Test Conditions Min | Typ | Max | Unit
Clock Sync Input Voltage High Vsyne,H 1.5 V
Clock Sync Input Voltage Low Vsyne,L 0.8 V
Clock Sync Input Duty Dcik 20 80 %
Ve falling, PG from high to low 87 | 91 | 94 | %Vrer
Power Good Threshold Ve Vg rising, PG from low to high 90 | 93 | 97 | %Vrer
. tro.R Low to high (Note 4) 200 83
Power Good Delay Time oo r High to low (Note 4) 20 s
Power Good Output Low Veg,L lpc=2mA 0.3 V
OUT Pin Over Voltage Protection
Threshold Vourover 22 26 Vv
_(I?E:s:ﬁoaver Voltage Protection Vouroves | Vrs rising 115 | 120 | 125 | %Vrer
Output OVP Delay tove,pLY (Note 4) 15 83
Output Under Voltage Protection . AV,
Threshold Vuve Ve falling 40 | 50 | 60 REF
Output UVP Delay tuveDLY (Note 4) 200 83
Thermal Shutdown Temperature | Tsp 150 | 160 | 170 <T
Thermal Shutdown Hysteresis Thys 15 <
Average  Current  Regulation
Rangeg g Vise — Visn 48 | 55 | 62 | mv

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,orany 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 ;a is measured in the natural convection at Ta = 25<C on a four-layer Silergy Evaluation Board.

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

Note 4: Based on simulation result.
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Typical Performance Characteristics
(fsw=500kHz, Ta=25<C)

Efficiency vs. Output Current
(PSM, L=2.2uH/PCMB104T2R2MS)
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Short Circuit Protection
(Vin=20V, Vour=12V, RLOAD=GQ)
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Application Information

Input Under-voltage Lock-out

To prevent operation before all internal circuitry is ready
and to ensure that the power and synchronous rectifier
switches may be sufficiently enhanced, the IC
incorporates input under-voltage lock-out (UVLO)
protection. The device remains in a low current state and
all switching is inhibited until Vin exceeds Vuvio, the
input UVLO (rising) threshold. At that time, if EN is
enabled, the device will start-up by initiating a soft-start
ramp. If Vin falls below Vuvio less the UVLO hysteresis,
switching will be suppressed again.

Enable Control

The EN input is a high-voltage capable input with logic-
compatible threshold. When EN is driven above 1.3V
normal device operation will be enabled. When driven <
0.8V the device will be shut down, reducing input current
to typical 1pA. In applications where EN is pulled high to

the power input Vin, a 10kQ to 100kQ) resistor should be
added between power input and EN.

Soft-start
The SA22307 provides an external soft-start pin to
smoothly ramp the output to the desired voltage whenever
the device enabled. The soft-start time can be
programmed by external capacitor connected between SS
pin and GND, as given in equation (1).

v

SuA
Leave SS pin open for default 1.6ms soft-start.

t ,(ms)=Cg (nF) x 1)

External Bootstrap Capacitor Connection

This device integrates a floating power supply for the gate
driver that operates the high-side power switch. Proper
operation requires a 100nF low ESR ceramic capacitor to
be connected between BS1 and)L X1, BS2 and LX2. This
bootstrap capacitor provides the gate driver supply voltage
for the high-side N-channel power MOSFET switch.

BS1
Ces1
100nF

LX1

Fig. 3. External Bootstrap Capacitor Connection

VCC Linear Regulator

An internal 3.3V linear regulator (VCC) provides the
power supply for the internal gate drivers, PWM logic,
analog circuitry, and other blocks. Connect a minimum of
1uF low ESR ceramic capacitor from VCC to GND.

VCC

1puF

I—

Fig. 4. VCC Regulator

Feedback Resistor Selection

Choose R1 and R2 to program the proper output voltage.
To minimize the power consumption under light loads, it
is desirable to choose large resistance values for both R1

and R2. A value of between 10kQ) and 100kQ) is highly

recommended for both resistors. The output voltage

VOUT is programmed by external voltage divider with

the 1V internal voltage reference as given in equation (2).
R,+R

VOUT=1V><% 2)

2

Fig. 5. Vour Programming

Light L oad Operation Mode

PSM or force-PWM light load operation is selected by
SYNC/MODE pin. Pull SYNC/MODE pin low or floating
for PSM operation, and connect this pin to VCC or
external clock for force-PWM operation.

Adjustable Switching Frequency and
Synchronization

The FS pin can be used to set the switching frequency of
the device by connecting a resistor Rrs between this pin
and GND. The switching frequency is programmable from
200kHz to 600kHz, as given in equation (3). The
switching frequency can also be synchronized to external
clock by applying a clock signal to the SYNC/MODE pin.

f,(kHz)= RSO(()Eg) (3)

Peak Inductor Current Limit

The device incorporates a cycle-by-cycle peak current
limit. Inductor current is measured in SW1 when it is on.
If the current exceeds the current limit, both SW1 and
SWa turn off, and SW2 and SW4 turn on.

The device incorporates reverse inductor current limit
under force-PWM mode. Inductor current is measured in
SW4 when it is on. If the reverse current exceeds the
current limit, both SW2 and SW4 turn off, and SW1 and
SW3 turn on.

AN_ SA22307 Rev0.0E
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Average Output Current Limit

The SA22307 provides output current limit function by
sensing the voltage drop between ISP and ISN pins (as
shown in fig.1). The value of the limit voltage between the
ISP and the ISN pins is 55mV. The current sense resistor
(Rsense) between the ISP and ISN pins should be selected
to ensure that the output current limit is set high enough
for output. The output current limit setting resistor is
given by Equation (4). Short the ISP to the ISN and then
connect to OUT pin if this function is not used.

R - VLIM_SENSE 4
SENSE — | ( )
OUT_LIMIT

Where Vi sense IS the current limit setting voltage
between the ISP and ISN pins. lout LimiT is the desired
output current limit.

Short-circuit Protection

If Vour < 50% of the set-point continuously for
approximately 200s, the short-circuit protection mode
will be initiated, and the device will shut down for
1024 soft-start time. The device will then restart and
keep working for 1 soft-start time. If the short circuit
condition remains, another ‘hiccup’ cycle of shutdown

and restart will continue indefinitely.

Shutdown
1024 softstart tin e

Vour
Shortrem oved

| - Retry

50% # g I 1 softstart tin e

T

Fig. 6. Description of Short-circuit Protection

Output Over-voltage Protection (OVP)

This device includes output over-voltage protection
(OVP). If the output voltage rises above the feedback
regulation level, SW1 and SW3 turn off and the
synchronous rectifier turns on. If the output voltage
remains high the SW2 and SW4 remain on until the
inductor current reaches zero. If the output voltage
continues to rise and exceeds the output over- voltage
threshold for more the 15ups, the output over-voltage
protection mode is triggered. The device resumes
regulation once the overvoltage condition is removed.

Over-temperature Protection (OTP)

SA22307 includes over-temperature protection (OTP)
circuitry to prevent over heating due to excessive power
dissipation. This will shut down switching operation when
the junction temperature exceeds 160<C. Once the
junction temperature cools down by approximately 15<C
the IC will resume normal operation after a complete soft-
start cycle. For continuous operation, provide adequate
cooling so that the junction temperature does not exceed
the OTP threshold.

Loop Compensation

The SA22307 incorporates average current control
scheme. The inner current loop uses internal
compensation. The outer loop, voltage loop, is
compensated with external components.

The IC operates in buck mode or boost mode. Therefore,
both buck and boost operating modes require loop
compensations. The restrictive one of both compensations
is selected as the overall compensation from a loop
stability point of view. Typically for a converter designed
either work in buck mode or boost mode, the boost mode
compensation design is more restrictive due to presence of
a right half plan zero (RHPZ).

In most applications, a Type 2 or Type 2a compensation
network as show in Fig.7 and Fig.7a can be used to
stabilize the voltage loop. The Type 2 is the most widely
used and works fine for power stages lagging down to -

90° and where the converter brought by the output
capacitor ESR must be canceled. Type 2a is used where

the output capacitor ESR effect can be neglected.

Vour

JAY

+ COMP

- 1)
i i T [

Fig.7
VOUT 1V
% + o COMP
R1 m —
FB o R,

Cz
Type 2a l

Fig.7a

To calculate the value of external components for the
outer voltage loop, follow the following steps.

1. Select the crossover frequency fc of the closed loop. It

is recommended that the crossover frequency is chosen

1/5 of right half plane zero (fruez) and 1/10 of switching

frequency for the tradeoff of stability and transient

response of the system. The system has faster response at

higher crossover frequency. For boost mode:
(1-D)* x Vour

fRHPZ -

5
2nx Lxlgr ®)

2. Select a Rz value of the R-C series combination

connected to the COMP pin.

R, = L (6)
GmXchX\/REF

Where G, is the error amplifier trans-conductance, which

is typically 88uS; Gy is gain of the power stage at

crossover frequency.
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- 1D ™)
2nxfexCqyyr xRy

Where Rs is the current sense gain, which is typically
100mQ.

fc

3. Select a Cz value of the R-C series combination
connected to the COMP pin. The compensation zero
decides phase margin at the crossover frequency. Place a
compensation zero at or before the dominant pole of R
and Cour. RL is the load resistance.
c, = RexCour ®)
RZ
4. A high frequency pole is recommended to attenuate the
high frequency noise. Place this pole to cancel the ESR
zero of Cour

C — RESR ><COUT

P RZ
Input Capacitor Cin
In the buck mode, the input capacitor supplies high ripple
current. The RMS current in the input capacitor is
calculated as:

le rvs =lour x4/ Dx(l—D) (10)

To minimize the potential noise problem, place a typical
X5R or better grade ceramic capacitor close to the IN and
GND pins. Care should be taken to minimize the loop area
formed by C\n, and IN/GND pins. For most applications, a
2210 low ESR ceramic capacitor is recommended.

©)

Output Capacitor Cout

The output capacitor is selected to handle the output ripple
noise requirements. Both steady state ripple andhtransient
requirements must be taken into consideration when
selecting this capacitor. For most capplieations, it is
recommended to use more than 66pE, cdpacitance with
X5R or better grade ceramic capacitor. The capacitance
derating with DC voltage must be considered.

Inductor Selection

For the Buck-Boost converter, the inductor must support

buck applications with the maximum input voltage and

boost applicationscwith the minimum input voltage. The

critical inductance values for buck mode is calculated with

Equation (119

L _ Vodr * (1= Vour Vi max) (11)
BucK fou <Al

Where Al is the peak-to-peak inductor ripple current, and

it is about 30% to 50% of the maximum output current.

The critical inductance for boost mode is calculated with
Equation (12) and Equation (13):

Vinwi % (Mour “Vinmin )

| max :M (13)
Vinmin X7

Where 1 is the efficiency, and Al_ is the peak-to-peak
inductor ripple current, it is about 30% to 50% of the
maximum input current (linwax). The recommended
minimum inductor values are either Lguck OF Lsoost
whichever is higher.

In addition to the inductance value, the inductor must
support the peak current based on Equation (14) and
Equation (15) to avoid saturation:

VOUT X (l_ VOUT /VlN,MAx )

loea-suck = lour (14)
2xfg, xL

I _ Vour % lour " VIN,MIN x (Mour _VIN,MIN) (15)

PEAK-BOOST V|N‘M|N X7 2% VOUT y fsw L

Choosing a larger inductance reduces the ripple current
but also increase the size of the inductor and reduces the
achievable bandwidth of the converter by moving the right
half-plane zero to lower frequency. The appropriate
balance should be chosen based on the application
requirements

Layout Design

For the best efficiency and minimum noise problem, we

should place the following components close to the IC:

Cin, Cvee, Cour, Ces, L, Rrorand Rgor.

1) It is desirable to maximize the PCB copper area
connecting to GND pin to achieve the best thermal
and noise performance. If the board space allowed, a
ground plane is highly desirable. Reasonable vias are
suggested to be placed underneath the ground pad to
enhance the soldering quality and thermal
performance.

2) The decoupling capacitor of VIN must be placed
close enough to the IN pin and GND pin. The loop
area formed by the input capacitors, IN pin and GND
pins must be minimized.

3) The decoupling capacitor of VOUT also must be
placed close enough to the OUT pin and GND pin.
The loop area formed by the output capacitors, OUT
pin and GND pins also must be minimized.

4) BS pin is sensitive. Bootstrap cap must be placed
between BS and LX as close as possible.

5) To prevent the circulating currents in the ground
plane from disrupting operation of the regulator, all

Leoost = ; (12) small-signal grounds should return to GND by a
Vour *Tsw x Al separation way. This main includes the ground
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connection for the FB pin resistor and the feedback
network.

6) If the system chip interfacing with the EN pin has a
high impedance state at shutdown mode and the IN
pin is connected directly to a power source such as a

Li-lon battery, it is desirable to add a pull down 1MQ
resistor between the EN and GND pins to prevent the
noise from falsely turning on the regulator at
shutdown mode.

Figure8. PCB Layout Suggestion
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QFN5>6-30 Package Outline Drawing
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Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification
1. Taping orientation
QFN5>5
’——3 .9;4.1—-—| [1.4571.55
l——5.20—5.40—|
° . T . N
J I 7.90-8.10 I
Feeding direction ——»
2. Carrier Tape & Reel specification for packages
/)
Reel
Size
Package Tape width Pocket Reel size Trailer Leader length Qty per
type (mm) pitch(mm) (Inch) length(mm) (mm) reel
QFN5>5 12 8 13" 400 400 5000
3. Others: NA
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