S/IERGY

SY2A26066

High-Efficiency, 7V/6A
Synchronous Step-Down Regulator

General Description

The SY2A26066 is a high-efficiency synchronous step-
down DC/DC regulator featuring internal power and
synchronous rectifier switches capable of delivering 6A of
continuous output current over an input voltage range
from 3V to 7V.

Silergy’s proprietary Instant-PWM™  fast-response,
constant-on-time (COT) control method supports high
input/output voltage ratios (low duty cycles) and responds
to load transients within approximately 100ns, while
maintaining a near-constant operating frequency over line,
load, and output voltage ranges. This control method
provides stable operation without complex compensation,
even with low-ESR ceramic capacitors.

Internal 22.1mQ power and 8.1mQ synchronous rectifier
switches provide excellent efficiency over a wide range of
applications, especially for low output voltages and low

Features

e 3V to 7V Input Voltage Range

Up to 6A Output Current

+1% Reference Voltage over -40°C to +125°C

Junction Temperature Range

e |Internal 22.1mQ Power Switch and 8.1mQ
Synchronous Rectifier

e Instant-PWM™ Provides Fast Transient Response

660kHZz,1100kHz, and 2200 kHz Operating

Frequency

Selectable PFM/FCCM Operation

Programmable Valley Current Limit

Cycle-by-Cycle Valley and Peak Current Limit (OCP)

and Reverse Current Limit if FCCM is Selected

¢ Automatic Recovery for Output Overvoltage (OVP),
Output Undervoltage (UVP), and Overtemperature
(OTP)

e Hiccup Mode after 32 Consecutive Cycles of Valley
Current-Limit Protection

duty cycles. Cycle-by-cycle current limit, input e Pre-Biased Startup
undervoltage lock-out, internal soft-start, output e Power-Good Indicator
undervoltage/overvoltage  protection, and thermal e RoHS-Compliant and Halogen-Free
shutdown provide safe operation in all operating e Compact Package: QFN2mmx3mm-14
conditions. e AEC-Q100 Qualified for Automotive Applications
The SY2A26066 is available in a compact Applications
QFN2mmx3mm-14 package. )
e Telecom and Networking Systems
e Servers
e High-Power AP
¢ Automotive
Typical Application
I_?Bs Efficiency vs Output Current
(fsw=1100kHz,FCCM,L=0.47 uH/SPM6530T-R47M170)
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Figure 1. Application Circuit Figure 2. Efficiency vs. Load Current
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Ordering Information

Pinout (top view)

P;r,tr?\leu%]ger Package Type Top Mark GNP ;V(?C
QFN2x3-14
SY2A26066WYQ | RoHS-Compliant and GMExyz GND > | MODE
Halogen-Free

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

Pin Description

1 Lx

BS

........................

SS

FB AGND

Pin No | Pin Name Pin Description
1,14 GND Power GND.
2,11 LX Inductor pin. Connect this pin to the switching node of the inductor.

3 IN Input pin. Decouple this pin to the GND pin with at least a 30uF ceramic capacitor.

4 LT Synchro_no_us rectifier current-limit setting. Connect a resistor to AGND to set the inductor valley
current-limit value.

5 EN Enable input. Pull low to disable the device and pull high to enable the device. Do not leave this
pin floating. May be used for increasing startup voltage or sequencing.

6 FB Feedback sense. Connect this pin to the center point of the output resistor-divider to program
the output voltage.

7 AGND Analog ground.

8 ss External soft-start setting. Optionally adjust the soft-start time by adding an appropriate external
capacitor between this pin and the AGND pin.

9 PG Power-good indicator. Open-drain output when the output voltage is within 92.5% to 116.5% of
the regulation set point.

10 BS Bootstrap supply for the high-side gate driver. Connect a 0.1uF ceramic capacitor between the
BS and the LX pin.

12 MODE Operation mode selection. Program MODE to select FCCM/PFM and the operating switching
frequency.
Internal 3V LDO output. Power supply for internal analog circuits and the driving circuit.

13 Vee Decouple this pin to AGND with at least one 1uF ceramic capacitor. Use short, direct
connections and avoid the use of vias.
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Block Diagram

VCC

VCC Input
UVLO UVLO
Current Sense

VCC

T
EN Bootstrap
MODE Charge
L
ILMT
PG
OTP — PWM
Control & Current Sense
oVP Protec_tlon
Logic

FB
> GND
Discharge AGND
ss

Figure 3. Block Diagram

Absolute Maximum Ratings

Parameter (Note 1) Min Max Unit
IN -0.3 10

LX -0.3 Vin+0.3

LX, 25ns Duration GND-5 Vint5 \

BS Vix-0.3 Vix+4

FB, AGND, Vcc, EN, PG, MODE, SS, Iimr -0.3 4

Junction Temperature, Operating -40 150

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

Thermal Information

Parameter (Note 2) Typ Unit
B4 Junction-to-Ambient Thermal Resistance 35 SC/W
Bic Junction-to-Case Thermal Resistance 6

Pp Power Dissipation Ta = 25°C 2.8 W

Recommended Operating Conditions

Parameter (Note 3) Min Max Unit

IN 3 7 )Y

Junction Temperature -40 125 °C
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Electrical Characteristics
(Vin =5V, T3 =-40°C to +125°C, typical values are at Ty = 25°C, unless otherwise specified (Note 4))

Parameter Symbol Test Conditions Min Typ Max Unit
Voltage Range Vin 3 7 \%
UVLO, Rising VIN,uvLO 2.25 2.55 2.85 \
- Vce = 3V
Input UVLO, Hysteresis VINHYS 500 mV
Shutdown Current IsHDN Ven =0V, Ty = 25°C 4 10 pA
Quiescent Current o \;ENMZFT?XAG\{FF?O:SOV.\I?I%XEHQ 850 | 1250 HA
UVLO, Rising Vvee,uvLo_RISE 2.6 2.8 2.95 \Y
Vee UVLO, Falling Vvee,uvio FALL 2.3 25 2.7 \Y
Output Voltage Vce Ivec = OMA 2.88 3 3.12 \%
Load Regulation Vcce, REG lvec = 25mA 0.8 %Vce
B Reference Voltage VREF 0.594 0.6 0.606 \
Input Current IF8 Ven =2V, Ves = 1V -50 0 50 nA
On-Resistance Rbs(onyHs Ves1x = 3V, Ty = 25°C 22.1 26 mQ
Power Switch Leakage IHs, LkG Ven = 0V, Vix = OV 0.01 10 HA
Current Limit ILmT, HS 11 A
On-Resistance Rbs(onLs Vce =3V, Ty = 25°C 8.1 10 mQ
Synchronous | Leakage ILs, Lk Ven = 0V, Vix =5V 0.04 30 pA
Rectifier Reverse Current lLmT RVS 4 A
Forward Current lLmT BOT RiLmt = 0kQ 7.5 A
ILmt Pin Output Voltage Vimr 1.15 1.2 1.25 \%
vt Ratio limt/lLvT BoT ILmT,BOT > 2A 36 40 44 HA/A
Discharge FET Resistance Rois 125 Q
Rising Threshold VENR 1.17 1.22 1.27 Y,
Enable (EN) Threshold Hysteresis | Vennys 0.2 \%
Input Current len Ven = 2V 0 HA
Charging Current Iss1 Vss = 0V 15 HA
Soft-Start (SS) | Discharge Current Iss2 Vss = 1V 120 mA
Min Soft-Start Time tss,MIN Css = 1nF 2.2 ms
Overvoltage Protection Threshold Vove 1135 | 116.5 | 119.5 | %Vrer
Undervoltage | Threshold Vuve 45 50 55 %VRer
Protection Delay tuve,oLY (Note 4) 20 Hs
UVP/OCP Hiccup On-Time tHiccup,oN Css = 1nF (Note 4) 4 ms
UVP/OCP Hiccup Off-Time tHiccup,oFF Css = 1nF (Note 4) 18 ms
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Electrical Characteristics (cont.)
(Vin =5V, T3 =-40°C to +125°C, typical values are at Ty = 25°C, unless otherwise specified (Note 4))

Parameter Symbol Test Conditions Min Typ Max Unit
Vs falling, PG from high to low 77 80 83
Ves rising, PG from low to high 89.5 92.5 95.5
Thresholds Vpc — - %VREF
Ves rising, PG from high to low 1135 | 116.5 | 1195
Ves falling, PG from low to high 102 105 108
Power-Good Delay tr,R PG from low to high 1 ms
trG,F PG from high to low (Note 4) 20 us
Vin = 0V, Pull PG to 3.3V through
output Lo 100kQ Resistor SO0
utput Low
VpG.Low ViNn = 0V, Pull PG to 3.3V through
Voltage 10kQ Resistor 660 | 850
Ven =2V, Ves = 0V, lpc = 10mA 0.4 \
Leakage
Currengt IpG LkG Vpg = 3.3V 3 MA
Rwmope = 60.4kQ, lout = 0A, FCCM,
Vour = 1V, Ty = 25°C 530 660 790
. Rmope = 0Q, loutr = 0A, FCCM,
Switching Frequency fsw Vour = 1V, Ty = 25°C 935 1100 1265 kHz
Rwmope = 30.1kQ, lout = 0A, FCCM,
Vour = 1V, Ty = 25°C 1870 2200 2530
Min On-Time ton,MIN lout = 3A (Note 4) 50 ns
Min Off-Time torF,MIN lout = 3A (Note 4) 180 ns
Thermal Shutdown Temperature Tsp (Note 4) 160 °C
Thermal Shutdown Hysteresis THys (Note 4) 20 °C

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: B83a and Bic are measured in the natural convection at Ta= 25°C on a 6cmx6cm size four-layer Silergy Evaluation
Board.

Note 3: The device is not guaranteed to function outside its operating conditions.
Note 4: Guaranteed by design.
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Typical Performance Characteristics
(Ta=25°C, Vin= 5V, Vour= 1.8V, L = 0.47uH, Cout = 94F, fsw= 1100kHz, Ri.wt = 4.7kQ, unless otherwise noted)

Efficiency vs Output Current Efficiency vs Output Current
(fsw=1100kHz,PFM,L=0.25uH/SPM6530T-R25M23) (fsw=1100kHz,FCCM,L=0.25uH/SP M6530T-R25M23)
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Efficiency (%)

Efficiency vs Output Current
(fsw=1100kHz,PFM,L=0.47 uH/SP M6530 T-R47M170)

100
% P e EasiH e I =TT
20 y B
85 aQ
%
75 !
70 /
65
60 ," Vin=5V,Vour=2.5V
SN V=7V, Vour=2.5V
55
1 A
Output Current (A)
Output Ripple
(Viw=5V, Vour=1.8V, loyr=0A, PFM)
A.VOUT - .50f.T1V/diV
Vix 5V:/div
I  5AMdv
B
Time (1ps/div)

Output Ripple
(VW=5V, Vour=1.8V, loyr=6A, CCM)

© AVour

50mV/div

s Sl

. dan
il "

st sl
ke

Vix

I

SN e

5V/div

-

5A/div

Time (1ps/div)

Efficiency (%)

Efficiency vs Output Current
(fsw=1100kHz,FCCM,L=0.47 iH/SP M6530T-R47M170)

100
B SR e
0 441
80 A
70
60
50
40 7
30 o=
20 P4 V=5V, Vour=2.5V
------- V=TV, Vour=2.5V
10
L.
et /AL
0.001 0.01 0.1 1 6
Output Current (A)

Output Ripple
(Vin=5V, Vour=1.8V, loyr=0A, FCCM)

PRI

50mV/div

5Vidiv

LGN R

4 g

5A/div

Time (1ps/div)

Short Circuit Protection

Vin=5V,Vour=1.8V,lour=6A~ Short CCM

|

Vour

|
3

Time (10ms/div)

DS _SY2A26066 Rev.1.0A
© 2023 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

7
All Rights Reserved.



SY2A26066

S/IERGY
Short Circuit Protection Short Circuit Protection
(Vin=5V,Vour=1.8V,lour=0A~ Short PFM) (Vin=5V,Vour=1.8V,lour=0A~Short FCCM)
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Start up from EN Shutdown from EN
(Vin=5V.Vour=1.8V,lour=6A, CCM) (Vin=5V,Vour =1.8V,lour=6A, CCM)
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Bode Plot
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Detailed Description

Constant-On-Time Architecture

The one-shot circuit or on-time generator, which
determines how long to turn on the high-side power switch,
is fundamental to any constant-on-time (COT)
architecture. Each on-time (ton) is a fixed period internally
calculated to operate the step-down regulator at the
desired switching frequency, considering the input and
output voltage ration, ton = (Vout/ViN) % (1/fsw). For
example, considering that a hypothetical converter
targets 1.8V output from a 5V input at 1100kHz, the target
on-time is (1.8V/5V)%x(1/1100kHz) = 327ns. Each ton
pulse is triggered by the feedback comparator when the
output voltage measured at the FB pin drops below the
internal voltage reference value. After one ton period, a
minimum off-time (torrmN) iS imposed before any further
switching is initiated, even if the output voltage is less than
the target. This approach avoids making any switching
decisions during the noisy periods immediately after
switching events, or while the switching node (LX) is
rapidly rising or falling.

There is no fixed clock in the COT architecture, so the
high-side power switch can turn on almost immediately
after a load transient. Subsequent switching pulses can
be quickly initiated, ramping the inductor current up to
meet load requirements with minimal delays.
Conventional current-mode or voltage-mode control
methods determine when to turn off the high-side power
switch and turn on the low-side synchronous rectifier
based on current feedback, feedback voltage, internal
ramps, and internal compensation signals, so these must
all be monitored. These small signals are difficult to
observe in a noisy switching environment immediately
after switching large currents, which makes such
architectures difficult to use.

Instant-PWM Operation

Silergy’s instant-PWM control method adds several
proprietary improvements to the traditional COT
architecture. First, whereas most legacy COT
implementations require a dedicated connection to the
output voltage terminal to calculate the ton duration, the
instant-PWM control method derives this signal internally.

Additionally, it optimizes operation with low-ESR ceramic
output capacitors. In many applications it is desirable to
utilize very low-ESR ceramic output capacitors, but legacy
COT regulators may become unstable in these cases
because the beneficial ramp signal that results from the
inductor current flowing into the output capacitor may
become too small to maintain stable operation. For this
reason, instant-PWM synthesizes a virtual replica of this
signal internally. This internal virtual ramp and the
feedback voltage are combined and compared to the
reference voltage. When the sum is lower than the

reference voltage, the ton pulse is triggered as long as the
minimum torr has been satisfied and the inductor current
measured flowing through the low-side synchronous
rectifier is lower than the bottom FET current limit. When
the ton pulse is triggered, the low-side synchronous
rectifier turns off and the high-side power switch turns on.
The inductor current then ramps up linearly during the ton
period. At the end of the ton period, the high-side power
switch turns off, the low-side synchronous rectifier turns
on, and the inductor current ramps down linearly.

This action also initiates the minimum torr timer to ensure
sufficient time for stabilizing any transient conditions and
settling of the feedback comparator before the next cycle
is initiated. This minimum torr is relatively short so that
transient ton can be retriggered with minimal delay during
high-speed load, allowing the inductor current to ramp
quickly and provide sufficient energy to the load.

In order to avoid shoot-through, a dead time (toeap) is
generated internally between the high-side power switch
turn-off and the low-side synchronous rectifier on-period
or the low-side synchronous rectifier turn-off and the high-
side power turn-on period.

[Ramp | Veawe
Generator

S|
Q
PWM R

signal Vrer
ton
Generator

Figure 4. Instant-PWM

Mode Selection

The SY2A26066 provides both PFM and FCCM operation
in light-load conditions, and provides three options for the
switching frequency in CCM mode. Set the value of the
resistor connected between the MODE pin and AGND or
Vcc to select the operation mode and switching frequency.
See Table 1.
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Table 1. Mode Selection
AGND FCCM 1100kHz
30.1kQ (£20%) to AGND FCCM 2200kHz
60.4kQ (£20%) to AGND FCCM 660kHz
121kQ (+20%) to AGND PFM 660kHz
243kQ (x20%) to AGND PFM 2200kHz
Vce PFM 1100kHz

Programmable Soft-Start Time

The soft-start time can be programmed using the SS pin.
Connect one capacitor between the SS pin and the AGND
pin to program the soft-start time as follows:

Cos(NF) X Ve

lss (1A)
The typical value of SS charging current Iss is 15uA. To
guarantee the programmable soft-start time is not too

short when using a smaller SS capacitor, the device uses
a minimum soft-start time of 2.2ms (typical).

tsg(ms) =

Pre-Biased Startup

If the output voltage is not OV at startup, the power switch
and synchronous rectifiers will not begin switching until
the soft-start ramp exceeds the sensed output voltage at
Ves.

Output Voltage Discharge

The SY2A26066 discharges the output voltage when the
converter shuts down (from Vi falling, EN driven low, or
thermal shutdown), so that output voltage can be
discharged in a minimal amount of time, even if the output
load current is zero. The discharge MOSFET in parallel
with the low-side synchronous rectifier turns on after the
low-side synchronous rectifier turns off when shutdown
logic is triggered. The output discharge resistance is
typically 125Q. Note that the discharge MOSFET is not
active outside of these shutdown conditions.

Power-Good Indicator

The power good indicator is an open-drain output
controlled by a window comparator connected to the
feedback signal. If Vs is greater than 92.5% Vrer and less
than 116.5% Vrer for at least the power-good delay time
(low to high), PG will be high-impedance.

before output voltage is ready. After the feedback voltage
Vs reaches 92.5% Vrer, PG is pulled high by the external
resistor (after a delay time within 1.0ms). When Vrs drops
to less than 80% of Vrer, PG is pulled low (after a delay
time within 20us). When Ves rises to 116.5% of Vrer, PG
is pulled low immediately.

If the input voltage is zero, PG is clamped low even
though PG is connected to an external voltage source
through a 10kQ to 100kQ pullup resistor.

External Bootstrap Capacitor
The SY2A26066 integrates a floating power supply for the
gate driver of the high-side MOSFET. Proper operation
requires a 0.1uF low-ESR ceramic capacitor to be
connected between BS and LX.

BS

Css
0.1uF

LX

Figure 5. Bootstrap Capacitor Connection

Fault Protection Modes

Overcurrent Protection and Undervoltage Protection
If the high-side power switch current exceeds the peak
current-limit threshold, the high-side power switch will turn
off and the low-side synchronous rectifier will turn on. If
the low-side synchronous rectifier current exceeds the
valley current-limit threshold, the low-side synchronous
rectifier will keep turning on until the low-side
synchronous rectifier current decreases below the valley
current-limit threshold. As a result, both peak and valley
currents are limited.

The valley current-limit threshold can be programmed
using the luvt pin by connecting a resistor between this
pin and AGND. The Ivr output voltage is constant, and
the Iwvr resistor current is sensed by the device,
comparing with the low-side synchronous rectifier current
mirror value. If the mirror current is larger than the luvr
resistor current, the device operates in the valley current-
limit state, and ton is inhibited. The valley current-limit
threshold equation is:

| VILMT

ILMT,VALLEY —
Guirror X Rivr

| Viwr . (VIN = Vour ) X Vour

ILMT,0UT —

PG should be connected to Vcc or another voltage source Guirror XRir - 2Lx Vi xFyy

less than 3.6V through a resistor (e.g. 100kQ). After the

input voltage exceeds its own UVLO (rising) threshold, the

PG MOSFET is turned on, so that PG is pulled to GND
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where livtvaley is the valley configured current limit,
liLvT,ouT is the maximum output current, Viuumr is 1.2V, and
GwMIRROR IS 40pA/A.

If SY2A26066 detects 32 consecutive cycles of valley
current limit protection, or detects 1 cycle of valley
current-limit protection when the Ves drops below the
undervoltage threshold, the switching will be disabled for
a hiccup off-time period.

Reverse-Current Limit

The SY2A26066 features cycle-by-cycle reverse-current
limit. The low-side synchronous rectifier current is
continuously monitored, and if the current is lower than
the reverse-current limit, the low-side synchronous
rectifier is turned off, the high-side power switch is turned
on again for the on-time determined by Vin, Vour, and fsw.

Output-Sinking Mode Protection

The SY2A26066 includes output-sinking mode. When the
FB voltage becomes higher than 106% of Vrer, the high-
side power switch turns off and the low-side synchronous
rectifier turns on until the current flowing through it
reaches the reverse-current limit (-4A typical). Then the
low-side synchronous rectifier turns off and the high-side
power switch turns on again for the on-time determined
by Vin, Vour, and fsw. This sequence continues until the
FB voltage falls below 102% of Vrer.

Overtemperature Protection

The SY2A26066 includes overtemperature protection to
prevent overheating due to excessive power dissipation.
The junction temperature is monitored, and if it exceeds
160°C, the device will shuts down. Once the junction
temperature cools down by approximately 20°C, the
device will resume normal operation with a complete soft-
start cycle.

Minimum Duty Cycle and Maximum Duty Cycle
There is no limitation for minimum duty cycle in COT
architecture. This is because when the on-time is close to
the minimum value, the switching frequency can be
reduced as needed to always ensure proper operation.

The SY2A26066 can support at least 70% maximum duty
cycle operation for the entire temperature range of -40°C
—125°C, if the 1100kHz switching frequency is selected.

During PFM light-load operation, when the duty-cycle
reaches the maximum value, the device will enter CCM
mode even when the load current is low.

Enable and Adjusting Input Undervoltage Lockout
The EN input is a low-voltage-capable input with logic-
compatible threshold. The comparator design uses an
accurate EN rising threshold. When EN voltage rises to
~0.8V, and Vcc is present, the EN comparator is enabled.
When EN is driven above 1.22V, normal device operation
is enabled. When EN voltage falls below the EN rising
threshold by more than the threshold hysteresis Ven hvs,
the device is turned off. When EN voltage is driven below
~0.4V, the internal supply will be shut down, reducing
input current to <10uA (typ).

A resistor-divider can be used if a higher UVLO threshold
is required in the application, as shown in Figure 6. Note
that EN voltage should not higher than 3.6V.

Vin IN
Ry
EN
Re
GND

Figure 6. Adjusting Input UVLO

Application Information

Feedback Resistor Selection

Choose Ru and RL to program the proper output voltage.
Choose large resistance values between 1kQ and 100kQ
for both Ry and RLto minimize power consumption under
light loads. For example, if Vour_set is 1.8V, and 10kQ is
selected for the Ru value, then RL can be calculated as
5kQ using following equation:

0.6V
Ri=—————R,
VOUT_SET -0.6V

Vour
Ry
FB
R
AGND

Figure 7. Feedback Resistor
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Inductor Selection

Instant-PWM operates well over a wide range of inductor
values. This flexibility allows for optimization to find the
best trade-off between efficiency, cost, and size for a
particular application. Selecting a low inductor value will
help reduce size and cost, and enhance transient
response, but will increase the peak inductor ripple
current, reducing efficiency and increasing output voltage
ripple. Using a low DC resistance (DCR) for the inductor
may help reduce DC losses and increase efficiency.
Higher inductor values tend to have higher DCR and will
slow transient response.

A reasonable compromise between size, efficiency, and
transient response can be obtained by selecting a ripple
current (AlL) of approximately 20%—50% of the desired
full-output load current. Start calculating the approximate
inductor value by selecting the input and output voltages,
the operating frequency (fsw), and the maximum output
current (loutmax ), then estimating a AlL as some
percentage of that current in the recommended range.

VOUT x (VIN B VOUT)

L, =
VT XAl

Use this inductance value to determine the actual inductor
ripple current (All) and required peak current inductor
current I peak.
_ Vour X(Vix = Vour)

Vin xfow x Ly

Al

L

ILpeak = louT,max + AlL/2

Select an inductor with a saturation current and
thermal rating in excess of . peax.

If FCCM light-load operation is selected, make sure the
inductor value is high enough to avoid the reverse-current
limit being triggered during a steady state if the load
current is zero.

For highest efficiency, select an inductor with a low DCR
that meets the inductance, size, and cost targets. Low-
loss ferrite materials should be considered.

Inductor Selection Example

Consider a typical design for a device providing 1.8Vour
at 6A from 5Vin, operating at 1100kHz and using target
inductor ripple current (Al.) of 40% or 2.4A. Determine the
approximate inductance value at first:

18V x(5V-18V)
5V x1100kHz x 2.4A

=0.44pH

1

Next, select the nearest standard inductance value, in this
case 0.47uH, and calculate the resulting inductor ripple
current (AlL):

- 18V x(sV-18V) _ 2oA
5V x1100kHz x 0.47 uH

ILpEAK = BA + 2.2A/2 = 7.1A

The resulting 2.2A ripple current is 2.2A/6A (36.7%), well
within the 20%—-50% target.

ILPEAK,RVS = 2.2A/2 = 1.1A < lumRvs

Finally, select an available inductor with a saturation
current higher than the resulting I.peax of 7.1A.

Input Capacitor Selection

Input filter capacitors are needed to reduce the ripple
voltage on the input, to filter the switched current drawn
from the input supply, and to reduce potential EMI. When
selecting an input capacitor, be sure to select a voltage
rating at least 20% greater than the maximum voltage of
the input supply and a temperature rating above the
system requirements. X5R series ceramic capacitors are
most often selected due to their small size, low cost, surge
current capability, and high RMS current ratings over a
wide temperature and voltage range. However, systems
that are powered by a wall adapter or other long (and
therefore inductive) cabling may be susceptible to
significant inductive ringing at the input to the device. In
these cases, consider adding some bulk capacitance like
electrolytic, tantalum, or polymer type capacitors. Using a
combination of bulk capacitors (to reduce overshoot or
ringing) in parallel with ceramic capacitors (to meet the
RMS current requirements) is helpful in these cases.

Consider the RMS current rating of the input capacitor,
paralleling additional capacitors if required to meet the
calculated RMS ripple current:

Icm_mszlom xa/Dx1A-D)

where D is the switching converter duty cycle.

The worst-case condition occurs at D = 0.5, then

| - IOUT
CIN_RMS,MAX — 2

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

DS_SY2A26066 Rev.1.0A
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The input capacitor determines the input voltage ripple of
the converter. If there is a voltage ripple requirement in
the system, choose an appropriate input capacitor that
meets the specification.

Given the very low ESR and ESL of ceramic capacitors,
the input voltage ripple can be estimated using the
formula:

o pya)

Ve rippLecar = f
sw XN

The worst-case condition occurs at D = 0.5, then

V. - lour
CIN_RIPPLE.CAPMAX ™ ¢ C
ey XLy

The capacitance value is less important than the RMS
current rating. In most applications, a single 10uF X5R
capacitor is sufficient. Place the ceramic input capacitor
as close as possible to the device IN and GND pins. Note
that a small 100nF ceramic capacitor, placed in parallel,
is highly recommended to decouple the high-frequency
switching noise.

Output Capacitor Selection

Instant-PWM provides excellent performance with a wide
variety of output capacitor types. Ceramic and POS types
are most often selected due to their small size and low
cost. Total capacitance is determined by the transient
response and output voltage ripple requirements of the
system.

Output Voltage Ripple

Output voltage ripple at the switching frequency is
caused by the inductor current ripple (AlL) on the output
capacitors ESR (ESR ripple) as well as the stored
charge (capacitive ripple). When considering total
ripple, both should be considered.

V.

wrpieesr = Al XESR
Al

RIPPLE,CAP —
8x Coyr xfeu,

Consider a typical application with AlL = 2.2A using three
22uF ceramic capacitors, each with an ESR of
approximately 6mQ for a parallel total of 66uF and 2mQ
ESR.

V,

RIPPLE,ESR

=2.2A%x2mQ =4.4mV

2.2A

V, =— 2% _38mV
RIPPLEESR ™ 8 66F x1100kHzZ

Total ripple = 8.2mV. The actual capacitive ripple may be
higher than the calculated value because the capacitance
decreases with the voltage on the capacitor.

Load-Transient Considerations

The SY2A26066 integrates the compensation
components to achieve good stability and fast transient
responses. Adding a small ceramic capacitor Crr in
parallel with Ry may further speed up the load-transient
responses, and is therefore highly recommended for
applications with large load-transient step requirements.

V,
ouT

——Cer——Cour

Figure 8. Feed-Forward Capacitor
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Thermal Design Considerations

The maximum power dissipation depends on multiple
factors: PCB layout, IC package thermal resistance, local
airflow, and the junction temperature relative to ambient.
The maximum power dissipation may be calculated as:

Pomax = (Tamax— Ta) / Baa

where Ty max is the maximum junction temperature, Ta is
the ambient temperature, and 6;a is the junction-to-
ambient thermal resistance.

To comply with the recommended operating conditions, the
maximum junction temperature should not exceed 125°C.
The junction-to-ambient thermal resistance 64 is layout-
dependent. For the QFN2x3-14 package, the thermal
resistance 6a is 35°C /W when measured on a standard
Silergy four-layer thermal test board. These standard
thermal test layouts have a very large area with long 20z.
copper traces connected to each IC pin and very large,
unbroken loz. internal power and ground planes.

Meeting the performance of the standard thermal test
board in a typical small evaluation board area requires
wide copper traces well-connected to the IC's backside

pads leading to exposed copper areas on the component
side of the board as well as good thermal via from the
exposed pad connecting to a wide middle-layer ground
plane and, perhaps, to an exposed copper area on the
board's solder side.

The maximum power dissipation at Ta = 25°C may be
calculated using the following formula:

Powax = (125°C-25°C)/(35°C /W) = 2.86W

The maximum power dissipation depends on operating
ambient temperature for fixed Timax and thermal
resistance 8ia. Use the derating curve in figure below to
calculate the effect of rising ambient temperature on the
maximum power dissipation.

Maximum Power Derating Curve

Maximum Power Dissipation (W)
N

-25 0 25 50 75 100 125
Ambient Temperature (C)

Figure 14. Maximum Power Dissipation
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Application Schematic (Vour=1.8v)

CBS=O.1|JF
||
Vn=3V~7V BS L=047UH Vout=1.8V
— N LX 2’2’8 T : o
) FJ_ J_CINFO-l“F R.=10kQ J_
nameek Rps=100kQ —|—CFF:220pF Cout=47uF><2
:I: PG FB I
= = R.=5kQ L
VCC -
MODE
Cvcc=1uF —— ON/f__| EN
$ OFF} ss Ruooe=00Q
ILMT 1
R ATk GND  AGND
LMT=4. H CSSIZZI’IIi
BOM List
Designator Description Part Number Manufacturer
Cin1 22uF/25V/X5R,1206 GRM31CR61E226ME15L muRata
Cinz 0.1uF/50V/X5R, 0603 GRM188R61H104KA93D muRata
Cee 220pF/50V/C0G,0603 GRM1885C1H221JA01D muRata
Cour 47uF/6.3V/IX5R,1206 GRM31CR60J476KE19L muRata
Css 22nF/50V/X7R,0603 GRM188R71H223KA01D muRata
Css 0.1uF/50V/X5R, 0603 GRM188R61H104KA93D myuRata
Cvcc 1uF/50V/X5R,0603 GRM188R61H105KAALD muRata
L 0.47pH/inductor SPM6530T-R47M170 TDK
Ru 10kQ, 1%, 0603
RL 5kQ, 1%, 0603
Rec 100kQ, 1%, 0603
Rwmobe 0Q, 1%, 0603
Riumr 4.7kQ, 1%, 0603
Recommend Component Values for Typical Applications
Vour(V) | Ruooe(kQ) Fre(qkllié;lcy Ru(kQ) | Ru(kQ) | Cre(pF) L/(Ratgﬂf:rtlt:)ratmg Court
0.8 0 1100, FCCM 10 30 220 0.25uH/(10A/14A) 47uFx2/6.3V/X5R,1206
1.2 0 1100, FCCM 10 10 220 0.47uH/(10A/14A) 47uFx2/6.3V/X5R,1206
1.8 0 1100, FCCM 10 5 220 0.47uH/(10A/14A) 47uFx2/6.3V/IX5R,1206
25 0 1100, FCCM 10 3.16 220 0.47uH/(10A/14A) 47uFx2/6.3V/IX5R,1206
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Layout Design

Follow these PCB layout guidelines for optimal
performance and thermal dissipation:

Place the input capacitor close to the IN and GND pins,
minimizing the loop formed by these connections.

Keep the high current traces as short and wide as
possible.

Place the Vcc decoupling capacitor close to the Vcc
pin.

Connect AGND and GND at the point of the Vcc
capacitor’s GND pad.

Connect the feedback sampling point at Cour, rather
than the inductor output terminal.

Place the FB components (Rn, RL, and Crr) as close
to FB as possible. Avoid routing the FB trace near LX
as it is noise sensitive.

The LX connection has large voltage swings and fast
edges, and can easily radiate noise to adjacent
components. Keep its area small to prevent excessive
EMI, while using a wide copper trace to minimize
parasitic resistance and inductance. Keep sensitive
components away from the switching node, or add
ground shielding around them, to prevent capacitive
noise pickup.

Provide dedicated wide copper traces for the power
path ground between the device and the input and
output capacitor grounds, rather than connecting each
of these individually to an internal ground plane.

Place vias in GND copper for heat sinking.

A four-layer layout is strongly recommended to
achieve better thermal performance.

Keep the BS voltage path (BS, LX, and Css) as short
as possible.

Vout S€nse trace ——

Couri| Courz

Figure 9. PCB Layout Suggestion
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QFN2x3-14 Package Outline Drawing

1.90-2.10 ~05-

Y 0125xa5 (]
e 0.50-0.70
|
~0.90-1.10-

T

2.90-3.10
0.20-0.30

Top View Bottom view

E
W

~0.65-0.85 | 1

loal

0.05—p~—
14— |

E0.203 Ref
|
| |
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Front View Recommended PCB layout

3.7

o5

0-0.05-

(Reference only)

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

QFN2x3 taping orientation

—1.65/1.85 ’—»3.90;4. 1 D-—| 1.40/1.60
A N N A O
\ I+ | | }
"/ \_/ \_/ \ \_/ \_7
2 5 45/5 55 EZ
o 2.20/2.40
S ° o e
} 7 90/8.10 3.10/3.40— %
0.90/1.2

Feeding direction —»

Carrier tape and reel specification for packages

Package tvpe | Tapewidth Pocket Reel size Trailer Leader length | Qty per reel
getyp (mm) pitch(mm) (Inch) length(mm) (mm) (pcs)
QFN2x3-14 12 8 13" 400 400 5000
Others: NA
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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
Nov.06, 2023 Revision 1.0A Add Note 4 for tuvepLy, tre,F, Tsp, THysin EC table
Aug.1, 2023 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
an Silergy product can reasonably be expected to result in personal injury, death or severe property or environmental damage. Silergy
assumes no liability for inclusion and/or use of Silergy products in such equipment or applications and therefore such inclusion and/or
use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of commercial
sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual agreement specifically agreed
to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only the terms and conditions of the
respective agreement shall apply. Silergy hereby expressly objects to and denies the application of any customer’s general terms and
conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is open for
acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual property
rights. Silergy makes no representation or warranty that any license, either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right. Information published by Silergy regarding third-party products or services does not
constitute a license to use such products or services or a warranty or endorsement thereof. Use of such information may require a license
from a third party under the patents or other intellectual property of the third party, or a license from Silergy under the patents or other
intellectual property of Silergy.

For more information, please visit: www.silergy.com
©2023 Silergy Corp. All Rights Reserved.
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