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2.5MHz, Synchronous Boost Regulator

General Description

The RT4803A allows systems to take advantage of
new battery chemistries that can supply significant
energy when the battery voltage is lower than the
required voltage for system power ICs. By combining
built-in power transistors, synchronous rectification,
and low supply current; this IC provides a compact
solution for systems using advanced Li-lon battery
chemistries.

The RT4803A is a boost regulator designed to provide
a minimum output voltage from a single-cell Li-lon
battery, even when the battery voltage is below system
minimum. In boost mode, output voltage regulation is
guaranteed to a maximum load current of 2000mA.
Quiescent current in shutdown mode is less than 1pA,
which maximizes battery life. The regulator transitions
smoothly between bypass and normal boost mode. The
device can be forced into bypass mode to reduce
quiescent current.

The RT4803A is available
1.67x1.67 (BSC) package.

in the WL-CSP-16B

Applications
¢ Single-Cell Li-lon, LiFePO4 Smart-Phones or Tablet
e 2.5G/3G/4G Mini-Module Data Cards

Features

Input Voltage Range : 1.8V to 5V
Programmable Output Voltage from 2.85V to
4.4V with 50mV/Step

Default Boost Output Voltage Setting :

» Voutr =3.4Vat VSEL =H

» Vour=3.15Vat VSEL =L

Maximum Continuous Load Current : 2A at VN >
2.65V Boosting Vourt to 3.35V

Up to 95% Efficiency

nBYP (L) : Forced Bypass Mode

nBYP (H) : Auto Bypass Operation when V|y >
Target Vour

Internal Synchronous Rectifier

Over-Current Protection

Under-Voltage Protection

Over-Voltage Protection

Over-Temperature Protection

Ultra Low Operating Quiescent Current
Discharge Function Trigger at GPIO Manual Pull
Low

Available in a WL-CSP-16B 1.67x1.67 (BSC)
Package

Simplified Application Circuit

RT4803A
ViN © 11 VIN VOuT Vout
C|N I L1 COUT
1 N T
VSEL .
To pull high voltage
MCU EN

nBYP Rpull high
o—sbA GPIO
Oo——SCL

AGND PGND
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RICHTEK

Ordering Information

RT4803A Ii
Package Type

WSC : WL-CSP-16B 1.67x1.67 (BSC)

Note :

Richtek products are :

» ROHS compliant and compatible with the current
requirements of IPC/JEDEC J-STD-020.

» Suitable for use in SnPb or Pb-free soldering processes.

Marking Information

38 : Product Code
W : Date Code

Pin Configuration

(TOP VIEW)

ALy {A2y {ASY (A4}

EN GPIO VIN VIN
(81} {B2} {B3} {B4}
VSEL SCL VOUT vOUT
ey {c2y  {cay  {cay
nBYP SDA L[X L[X
b1y D2y {ps} {D4}
AGND PGND PGND PGND

WL-CSP-16B 1.67x1.67 (BSC)

38W

Functional Pin Description

Pin No. Pin Name I/0 Pin Function
Al EN | Chip enable input pin. High level voltage enables the device while low level
voltage turns the device off. This pin must be terminated.
A2 GPIO I/0 | General purpose input/output. (Detall illustrate as operation section)
A3, Ad VIN I Power supply input.
Output voltage selection pin. Default boost output voltage setting Vout =
B1 VSEL I 3.4V at VSEL = H and Vour = 3.15V at VSEL = L. This pin must be
terminated.
B2 SCL I Serial interface clock. (Pull down if 12Cis non-used).
B3, B4 VOUT o Boost outpl_Jt voltage pin. PCB trace Iength from BSTVOUT to the output
filter capacitor should be as short and wide as possible.
This pin can be used to activate forced bypass mode. When this pin is
C1 nBYP I LOW, the bypass switches are turned on into forced bypass mode. Detalil
mode define as Table 1 discussion.
Cc2 SDA I/0 | Serial interface date line. (Pull down if 1°C is non-used)
This pin is the connection between two build-in switches in the chip, which
C3,C4 LX I/O | should be connected to the external inductor. The inductor should be
connected to this pin with the shortest path.
D1 AGND -- | Analog ground. This is the signal ground reference for the IC.
D2, D3, D4 | PGND | Power ground_ s_hould be connecteq.to this pin with the shortest path for
power transmission to reduce parasitic component effect.
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Functional Block Diagram
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Operation

The RT4803A combined built-in power transistors, synchronous rectification, and low supply current, it provides a
compact solution for system using advanced Li-lon battery chemistries.

In boost mode, output voltage regulation is guaranteed to maximum load current of 2000mA. Quiescent current in
Shutdown mode is less than 1pA, which maximizes battery life.

Under-Voltage Lockout

The under-voltage lockout circuit prevents the device
from operating incorrectly at low input voltages. It
prevents the converter from turning on the power
switches under undefined conditions. VN voltage must
be greater than UVLO rising threshold to enable the
converter. During operation, if VN voltage drops below
UVLO falling threshold, the converter is disabled until
the supply exceeds the UVLO rising threshold. The
RT4803A automatically restarts if the input voltage
recovers to the input voltage UVLO high level.

EN and nBYP

It is used to select mode. As the Table 1 shown, there
are four device states. When both EN and nBYP pull
low. It enters forced bypass mode with low quiescent
mode (4pA). When the EN pull low and nBYP pull high,
it is shutdown mode and quiescent current is less than
1uA. It works in forced bypass without low quiescent
mode, if the EN pulled high and nBYP pulled low. When
EN and nBYP both pull high, the RT4803A is boost and
auto bypass mode. There should be a delay time (>
60us) from EN pull high to nBYP pull high to guarantee
normal operation.

Table 1
EN Input | nBYP Input Mode Define Device State
Forced bypass with | The device in forced bypass with low quiescent mode featuring a
0 0 : i
low quiescent mode | low quiescent current down to about 4uA (typ.).
The device is shutdown. The device shutdown current is
0 1 Shutdown mode :
approximately about 1pA (max).
Forced bypass The device is active in forced bypass without low quiescent
1 0 without low mode.
guiescent mode | The device supply current is approximately about 15uA (typ.).
The device includes boost and auto bypass mode depend on VN
1 1 Boost and auto larger than Vour or not.
bypass mode The device supply current is approximately about 35uA (typ.)
with auto bypass mode / 55uA (typ.) with boost mode.
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Enable (nBYP = High Status)

The device can be enabled or disabled by the EN pin.
When the EN pin is higher than the threshold of
logic-high, the device starts operating follow Figure 2
operation diagram and Table 2 condition. In shutdown
mode, the converter stops switching, internal control
circuitry is turned off. The output voltage reduce by
component consumption (Cap ESR...) that state have
not discharge function. Discharge function only trigger
with GPIO pull low status (Reg.0x01[3] setting 0).

Soft-Start State

During soft-start state, if Vour reach to 95%
VouT _Target. The RT4803A will into boost operation.
Otherwise count over 512us then the RT4803A will into
fault state.

Boost / Auto Bypass Mode

nBYP = H There are two normal operation modes, one
is the boost mode, and the other one is auto bypass
mode. In the boost mode, it provides the power to load
by internal synchronous switches after the soft-start
state. In the auto bypass mode, input voltage will pass
through it to the output terminal directly. That can
provide max current capacity with RT4803A. Detail
description as below :

» Boost Mode (Auto PFM/PWM Control Method)

In order to save power and improve efficiency at low
loads, the Boost operate in PFM (Pulse Frequency
Modulation) as the inductor drops into DCM
(Discontinuous Current Mode). The switching
frequency is proportional to loading to reach output
voltage regulation. When load increases and
inductor current becomes continuous again, the
Boost automatically goes back to PWM (Pulse Width
Modulation) fixed frequency mode.

» Auto Bypass Mode

That control loop will auto transfer to auto bypass
mode, if VIN increase higher than Vour. MOSFET
Q3 will turn on and MOSFET Q1 and Q2 turn off
synchronous. If the RT4803A into auto bypass mode
MOSFET Q3 current limit is 4000mA (typ.) as shown
in Figure 1.

Forced Bypass Mode

nBYP = L MOSFET Q3, turn on MOSFET Q1 and Q2
turn off input voltage will pass through it to the output
terminal directly. If the RT4803A into forced bypass
mode MOSFET Q3 current limit is 4000mA (typ.) as
shown in Figure 1.

Vout
Q3_BYP_MOS_L o

%

Vino YN O LX

—
ﬂ"‘
—

Q2_LG

L——0PGND
Figure 1. Boost Converter with Bypass Mode

LIN State

When ViN > UVLO and EN low to High, output
capacitor begins to be charged with linear startup until
VIN - Vout smaller than 300mV (typ.). Linear startup
include LIN1 and LIN2 states. LIN1 pre-charge current
is 1000mA (typ.) with 800us duration and IC goes into
LIN2 pre-charge with 2000mA (typ.) keeping 1600us
duration if VIN - Vour is still larger than 300mV (typ.).

If VIN - VouT smaller than 300mV, the RT4803A will into

soft start operation after Linear startup (LIN1/2) states.
Otherwise the RT4803A will into fault operation.
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VIN Ready
ENLtoH

LIN 1
Pre-charge Current
1000mA (Typ.)

A

Yes

VN - 300mV <
Vout

. NO
LIN1 Time out >

A 4

LIN 2
Pre-charge Current
2000mA (Typ.)

A

A 4

Yes VN - 300mV <

Vout

Soft-start <

Soft-start Time
Out > 512us

Vout > 0.95 x
VOUT_Targe

Boost Mode Fault State Shutdown Count 1ms

A 4

Figure 2. The RT4803A State Chart

Table 2
Mode Description Condition
LIN Linear startup 1
(Include LIN1/LIN2 states) Linear startup 2 VIN - 300mV 2 Vour
Soft-Start Boost soft-start 0.95 x VouT_Target > Vourt 2 VIN - 300mV
Boost Boost mode VouT_Target 2 0.95 X VouT_Target

If Vin increase higher than Vourt

VIN 2 Vout
Auto Bypass Auto bypass mode Control loop auto transfer between auto
bypass mode and boost mode.
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Vout

VOUTﬁTargel

0.95 x VouT_Target

Vin

Vin - 300mV

Control loop auto transfer between bypass
mode and boost mode

Boost mode
Linear Startup Soft-Start

(LINA&LIN2 pre-charge state)

Auto bypass mode

Figure 3. Vout Mode Transition Diagram with EN L to H and V)N Variation (nBYP = H; lo = 0A)

VSEL

In order to maintain a target minimum output voltage
under worse application condition (ex : full load
transient), the output voltage set point can be
dynamically increased by asserting the VSEL input.
The functionality also helps to mitigate undershoot
during line transient of worse case.

The RT4803A VSEL = L output voltage default setting
is 3.15V that can be programmed by Reg.0x02[4:0].
VSEL = H output voltage default setting is 3.4V that
can be programmed by Reg.0x03[4:0].

GPIO

GPIO is arranged to be either a mode selection or

NRST/nFAULT function. It be controlled by Reg.0x01[3].

GPIO port configuration bit.
» Reg.0x01[3] setting O:

GPIO supports manual reset input (nRST) and
interrupt generation output (nFAULT).

Fault output (open drain interrupt) : GPIO will pull low
if the fault occurred

Manual reset input : If GPIO manual toggle the
RT4803A will restart as Figure 3 state chart.

As the following figures shown, the RT4803A
features the discharge function depends on
Reg.0x01[3] setting 0. The function is released when
GPIO goes high 2ms later in every modes but shut
down mode.

In shut down mode, it is released right away when
GPIO goes high.

GPIO

Discharge

(a). In Shut down Mode (EN = 0, nBYP = 1)

GPIO

Discharge

}._.

2ms

(b). In Other Modes

Figure 4. Discharge Function Diagram

» Reg.0x01[3] setting 1:

It is an input of device mode selection.

MODE_CTRL[1:0] in Register 0x01[1:0] set 2’b00,
and GPIOCFG in Register 0x01[3] set 1’b1. GPIO
pin must be configured as the mode selection input.

GPIO pin set Low : Auto PFM/PWM operation
GPIO pin set High : Forced PWM control operation
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Current Limit

The RT4803A employs a valley-current limit detection
scheme to sense inductor current during the off-time.
When the loading current is increased such that the
loading is above the valley current limit threshold, the
off-time is increased until the current is decreased to

valley-current threshold. Next on-time begins after
current is decreased to valley-current threshold.
On-time is decided by (Vout - VIN) / Vour ratio. The
output voltage decreases when further loading current
increase. As the following figure shown, the current
limit function is implemented by the scheme.

AN
\/

\//\ Iin (DC)

/
Inductor Current /\ /\T /\ /
/ \/ AlL N \/

AI|_=VI—N>< D

L fgw

Valley Current Limit

I (DC)

Figure 5. Inductor Currents in Current Limit Operation

oTP

The converter has an over-temperature protection.
When the junction temperature is higher than the
thermal shutdown rising threshold, the system will be
latched and the output voltage will no longer be
regulated until the junction temperature drops under
the falling threshold.

OVvP

The device does not operate with VN over the
over-voltage protection (OVP) level (5.7V). There is a
typical 100mV hysteresis implemented to avoid
unstable on/off behavior. Input voltage increase higher
than 5.7V, IC will shut down until voltage level reduce
smaller than 5.6V, that device will recovery normal
operation. OVP protection can avoid IC operate at
abnormal input power and prevent to damage device.

UVP

Avoid large power dissipation to damage IC at
abnormal operation or state. UVP protection has been
employed to prevent this state. If Vout abnormal drop
smaller than 80% Vour, IC goes into shutdown at fault
signal trigger. After fault state count 1ms, IC will
recovery operation until abnormal state remove.

Fault State

Fault state will trigger as below conditions :
1. Linear startup fail

2. Soft-start fail

3. UVP

4. OTP

If fault state occur, IC will goes into shut down with 1ms.
After Ims count complete, IC will restart. The state
chart of the RT4803A is shown in Figure 2.
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Protection

The RT4803A features some protections, such as OCP, OVP, UVLO, OTP and UVP. As the table shown, it is
described the protection actions.

Protection Type Thresh(_)ld Refer to Protection Method Shut qun Reset Method
Electrical Spec. Delay Time
Without
OCP IL>4A Turn on UG shutdown IL < 4A
behavior
Turn off UG, LG,
OVP VIN > 5.7V BYP_MOS No delay VIN < 5.6V
Turn off UG, LG,
UVLO VIN < 1.6V (max) BYP_MOS No delay VIN > 1.8V (max)
o Turn off UG, LG, e = 9()°
OoTP TEMP > 160°C BYP_MOS No delay OTP Hysteresis = 20°C
Turn off UG,LG,
UVP Vout < 0.8 X VouT_Target BYP_MOS 2ms Vout > 0.8 X VouT_Target
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Absolute Maximum Ratings

e EN, GPIO, VIN, VSEL, SCL, VOUT, nBYP, SDA, LX

(Note 1)

-0.2Vto 6V

-3V to 6V

« LX (<200ns)

o Power Dissipation, Pp @ Ta = 25°C

WL-CSP-16B 1.67x1.67 (BSC)
o Package Thermal Resistance
WL-CSP-16B 1.67x1.67 (BSC), 6a

e Lead Temperature (Soldering, 10 sec.)

2.09W

(Note 2)

47.7°C/IW

260°C

¢ Junction Temperature

o Storage Temperature Range
(Note 3)

o ESD Susceptibility
HBM (Human Body Model)

Recommended Operating Conditions

150°C

—65°C to 150°C

(Note 4)

2kv

o Input Voltage Range

1.8V to 5V

o Output Voltage Range

o Ambient Temperature Range

o Junction Temperature Range

2.85V t0 4.4V
—40°C to 85°C

—40°C to 125°C

Electrical Characteristics
(VIN = 3V, Vout = 3.4V, Ta = 25°C, unless otherwise specified)

Parameter Symbol Test Conditions Min | Typ | Max | Unit
VIN Operation Range VIN 1.8 -- 5 \%
Auto Bypass Mode, VN = 3.8V -- 35 70
oo T I Bl R
Quiescent Current le Forced bypass with LIQ, B 4 8 HA
VIN = 3.6V
\F/?Nrc:ecé .gi//pass without LIQ, B 15 o5
VIN Shutdown Current ISHDN EN =0V, nBYP =H, VN = 3.6V - - 1 A
VOUT to VIN Reverse Lk Vout = 5V, EN =nBYP = H, _ 0.2 1 LA
Leakage (Note 5) VIN < Vout
VOUT Leakage Current ILk_ouT Vout =0V, EN =0V, VIN = 4.2V -- 0.1 1 pA
VOUT Discharge Impedance | R_DIS_OUT - 80 - Q
Under Voltage Lock Out VuvLo VIN Rising - 1.6 1.8 \%
E;gt(zrr(\e/;gage Lock Out VUVLO_HYS B 200 B mv
GPIO Low VGPIO IcPio = 5SmA -- -- 0.4 \Y
GPIO Leakage Current lePiO_LK Vepio = 5V - - 1 pA
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Parameter Symbol Test Conditions Min | Typ | Max | Unit
Logic Level High EN, VSEL,
nBYP, GPIO ViH S
Logic Level Low EN, VSEL,
nBYP, GPIO ViL ” e R
Output Voltage Accuracy VouTt_AccurAcy | Vout - VIN > 100mV, PWM -2 -- 2 %
. . VIN = 3V, Vour = 3.5V,
Minimum On Time Ton ILoAD > 1000MA -- 80 -- ns
Maximum Duty Cycle Dmax 40 -- -- %
L VIN = 2.65V, VouT = 3.5V,
Switching Frequency fsw ILoAD = 1000MA 2 2.5 3 | MHz
Boost Valley Current Limit IcL VIN = 2.9V 35 4 4.5 A
LIN1 Pre-Charge Current ILINL 700 | 1000 | 1300 | mA
LIN2 Pre-Charge Current ILIN2 1400 | 2000 | 2600 | mA
Autg/Forced Bypass Current lBpCL ViN = 3.2V 3 4 10 A
Limit
N-Channel Boost Switch
R VIN = 3.2V, V =3.5V - 60 95 | mQ
Rps(on) (UG) DSN IN ouT
P-Channel Boost Switch Rpsp Vin = 3.2V, Vour = 3.5V B 40 80 | mo
Ros(on) (LG)
N-Channel Bypass Switch
R VIN = 3.2V, V = 3.5V - 40 60 | mQ
Ros(on) (BYP_MOS) DSP_BYP IN ouT
Hot Die Trigger Threshold THD Boost mode -- 100 -- °C
Hot Die Release Threshold THDR Boost mode - 90 - °C
Over-Temperature Protection | Totp -- 160 -- °C
Over-Temperature Protection o
Hysteresis Totp_Hys 20 c
FAULT Restart Time TRST - 1 - ms
I°C Characteristics
Parameter Symbol Test Conditions Min | Typ | Max | Unit
SCL, SDA High-Level Input
Threshold Voltage ViH_i2c 1.2 N N v
SCL, SDA Low-Level Input
Threshold Voltage ViL_iz¢ B N 04V
SDA Digital Output Low VoL _I2c - - 0.4 \%
Standard-mode - - 100
Fast-mode - - 400 | kHz
SCL Clock Frequency foLk Fast-mode Plus - -- | 1000
High-speed mode Cb = 400pF - - 1.7 MH
z
High-speed mode Cb = 100pF - - 3.4
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Parameter Symbol Test Conditions Min | Typ | Max | Unit
_ Standard-mode 4.7 - -
s i T beeen S | 1o [ = | - |
Fast-mode Plus 0.5 - -
Standard-mode 4 - -
Fast-mode 0.6 - -
(Repeated) Start Hold Time | tHD:sTA Fast-mode Plus 0.26 -- -- us
High-speed mode Cb = 400pF 160 - -
High-speed mode Cb = 100pF 160 - -
Standard-mode 4.7 - -
Fast-mode 0.6 -- -- us
(Repeated) Start Setup Time | tsu:sTa Fast-mode Plus 0.26 -- --
High-speed mode Cb = 400 pF 160 -- --
High-speed mode Cb = 100 pF 160 -- -- e
Standard-mode 4 - -
Fast-mode 0.6 -- -- us
STOP Condition Setup Time | tsu:sTo Fast-mode Plus 0.26 -- --
High-speed mode Cb = 400pF 160 -- --
High-speed mode Cb = 100pF 160 -- -- ns
Standard-mode 0.1 - -
Fast-mode 0.1 - -
SDA Data Hold Time tHD:DAT Fast-mode Plus 0.1 -- -- ns
High-speed mode Cb = 400pF 0.1 -- 150
High-speed mode Cb = 100pF 0.1 -- 70
Standard-mode - - 3.45
SDA Valid Acknowledge Time | tvp:ack Fast-mode -- -- 0.9 us
Fast-mode Plus -- -- 0.45
Standard-mode 250 - -
Fast-mode 100 - -
SDA Setup Time tsu:DAT Fast-mode Plus 50 -- -- ns
High-speed mode Cb = 400pF 10 - -
High-speed mode Cb = 100pF 10 - -
Standard-mode 4.7 - -
Fast-mode 1.3 - - us
SCL Clock Low Time tLow Fast-mode Plus 0.5 - -
High-speed mode Cb = 400pF 320 - -
High-speed mode Cb = 100pF 160 - - ns
Copyright © 2019 Richtek Technology Corporation. All rights reserved, FRICHTEMWK s 4 registered trademark of Richtek Technology Corporation.
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Parameter Symbol Test Conditions Min | Typ | Max | Unit
Standard-mode 4 - -
Fast-mode 0.6 -- -- us
SCL Clock High Time tHIGH Fast-mode Plus 0.26 -- --
High-speed mode Cb = 400pF 120 - -
High-speed mode Cb = 100pF 60 -- -- ns

Note 1. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in
the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may affect

device reliability.

Note 2. 634 is measured at Ta = 25°C on a high effective thermal conductivity four-layer test board per JEDEC 51-7.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.

Note 5. VouT can not connect external power source at any operation state.
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RT4803A RICHTEK

Typical Application Circuit

RT4803A
A3, Ad B3, B4
VN O » . VIN VOUT Vout
1.8V to 5V CIN% L1 o3 ca L Cout
10pF == =2 LX
HF= 0.47uH 1 22uF x 3
. B1
To pull high voltage VSEL To pull high voltage
Al
MCU EN
RscL Rspa C1 nBYP Rpull high
© <2 DA GPIoR2
o B2iscL
AGND PGND
fl fz, D3, D4
BOM of Test Board
Reference Part Number Description Package Manufacturer
CiN GRM188R61A106KE69 10uF/10V/X5R 0603 Murata
Court GRM188R61A226ME15D 22uF/10V/X5R 0603 Murata

L1 DFE252012F-R47M=P2 0.47pH 2520 Murata
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RICHTEK RT4803A

Typical Operating Characteristics

Efficiency vs. Load Current Efficiency vs. Load Current
100 — == 100
- L T —
/"‘ Ha 0 - ( — —
95 — .-:’—_ I \ o5 \\
90 % /—_"-‘ \ N/-\\
S S %
~ 85 VIN = 38V E/
g - )
S 80 Vin =34V S 93
Q _ ko)
S Vin =3V o Vin=38V
=
w ViN=2.5V w90 VN =34V
70 Vin =3V \
65 88 Vin= 2.5V
VOUT =3.15v VOUT =3.15V
60 11 [N 85 |
0.001 0.01 0.1 1 10 0.0 0.4 0.8 1.2 16 20
Load Current (A) Load Current (A)
Efficiency vs. Load Current Efficiency vs. Load Current
100 = Sen 100
/f Jull| N r\\\
95 Brai — i —
LT N\ 98
90 -
_ ] o e /\,__/-\
(=] (=]
S 85 S T \
) Viy=3.8V 2 /
S 80 c 93
Q VIN =3V Q
% 75 Lyo=osy ':ILE) Vin=3.8V
L N W 9 |—vpn=3V
70 ViN=25V \
88
65
VOUT =3.4V VOUT =3.4V
60 11 | 85 I
0.001 0.01 0.1 1 10 0.0 0.4 0.8 1.2 16 20
Load Current (A) Load Current (A)
Output Voltage vs. Output Current Output Voltage vs. Output Current
3.255 3.255 .
VOUT= 3.15V
< 3.205 < 3205
S N <
g gy N % LU Vin=25V o
£ N 1inN 8
S 3155 Vin =27V 2 3155 = —
2 NTIT Vin=2.9v 2 VIN= 2.5V +
5 5 N
© 3105 O 3105 ViN=2.7V \ \ \
ViN=2.9V
VOUT= 3.15V \ \ \
3.055 WL 3.055
0.0 0.0 0.1 1.0 10.0 15 2.0 25 3.0 35
Output Current (A) Output Current (A)

Copyright © 2019 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.

DS4803A-06  September 2019 www.richtek.com
15




RT4803A

RICHTEK

Output Voltage vs. Output Current

3.500
VIN=2.9V
S 3.450 o i
ViN=2.5V
() o Y
> — G :
S TN
4
> 3400 S vn=27V
]
s " ViN=3.1V
S |
O 3350 ‘
Vourt = 3.4V
3.300 ‘
0.0 0.0 0.1 1.0 10.0
Output Current (A)
Output Voltage vs. Input Voltage
5.0
48
46 | louT=0.1A
< louT = 0.001A
S aal ouT
(] lout=1A
2 42
= lout = 1.5A
(=]
S 40
5 38
=
>
3 36
3.4
32 Vour=3.15V |
3.0 ‘
25 3.0 35 4.0 45 5.0
Input Voltage (V)
Boost to Bypass Mode Exit / Entry
Vout
(200mV/Div)
v NG //\\ . /"
IN 3 \ r’ l ,’
(200mV/Div) \// \\//

V) = 2.8V to 3.4V (Ramp),

Time (400us/Div)

Output Voltage vs. Output Current

3500
Vout = 3.4V
< 3450
Py
()]
8
S 3.400
2 Vin= 25vﬂ \ \ A\
=}
O 3350 — YN=2TV
ViN=2.9V
ViN=3.1V \ \ \ \
3.300 ! !
15 2.0 25 3.0 35
Output Current(A)
Output Voltage vs. Input Voltage
5.0 ‘
48 ‘
46 louT=0.1A
N louT = 0.001A
> 44 lout
<) lout = 1A
2 a2 :
= lout=1.5A
S 40
S 38
5 36
34 =
3.2 Voutr=34V
3.0 ‘ I}
25 3.0 35 40 45 5.0
Input Voltage (V)
VSEL Load Current
T v T T T T T T T
Vi = 2.7V, Vot = 3.15V t0 3.4V, o7 = 100mA
VA
VOUT VOUTA/\/\/ \
(100mV/Div) sy AR
VSEL VSEL ’-
(2V/Div)

Time (20us/Div)

Copyright © 2019 Richtek Technology Corporation. All rights reserved. RICHTEK s, registered trademark of Richtek Technology Corporation.

www.richtek.com
16

DS4803A-06  September 2019



RICHTEK

RT4803A

VOUT vout / \\
(100mV/Div)
VSEL VSEL
(2VIDiv) F . B
Time (20us/Div)
Load Transient Vo1 = 3.4V
V=28V, Vo =34V,
louT = 100mA to 500mA/0.1ps
VOUT “VOUT
sonevm | WA A \A/\/\,A/\/\/\
w
X A
i I i
| M a\” m\ i \‘ﬁ\ L MF\“ 0 !’m "\M“H‘Jw - m
ILx L ‘
(500mA/Div) | !
lout 10UT @
(500mA/Div)|~
Time (20us/Div)
Power On Vg1 = 3.15V (300)
ER I A
EN e V)\ = 2.8V, Vot = 3.15V (30Q) -
=
(1V/Div)
VOUT vout j/
(1V/Div) ‘
(500mA/Div)

VSEL Load Current

v

| Viy =27V, Vour = 3.15V t0 3.4V, o7 = 400mA |

Time (50us/Div)

Vour

(50mV/Div) |

%

(500mA/Div)

lout

(500mA/Div)

EN
(1V/Div)

Vourt

(VIDiv) [

I x
(500mA/Div)

Load Transient VOUT =3.15V

[ VouT?

Vi = 28V, Vo7 = 315V,
louT = 100mA to 500mA/0.1ps |

-

W

IWAWW

ILX

I

I

e

o

ouT

{

B .

Power On Vg1 = 3.15V (No Load)

Time (20us/Div)

Z

I

"

z

iz

EN !

V)y = 2.8V, Vot = 3.15V (No load) |

/
/

vour!

ILX

o~

Time (50us/Div)

Copyright © 2019 Richtek Technology Corporation. All rights reserved. RICHTEK s, registered trademark of Richtek Technology Corporation.

DS4803A-06

September

2019

www.richtek.com

17



RT4803A

RICHTEK

Application Information

Boost Output Current Capacity

The RT4803A device features a valley inductor
current limit and max duty cycle limit scheme. In boost
mode, the current limit threshold can be set via an 1°C
register. The RT4803A devices have a default fixed
current limit threshold. See the register table for
detailed information. Although current limit can be
programmable, but output current capacity also
limited by max duty cycle design. So the maximum
continuous output current (loutmax), as below
choose step :

First application duty cycle must smaller than max
duty cycle.

VIN

1 -
Vout

= Duty <40% ( maxduty cycle limit)

If application condition duty cycle smaller than max
duty cycle limit, that max output capacity can be
calculate as below equation :

IN
= —XnNX
louTyax Vour N % Tinygax

(Inyax @bout equal 1

valley current limit level )

Inductor Selection

Inductor value choose will effect transient, ripple and
other performance. The RT4803A recommended
nominal inductance value is 0.47uH to achieve
advantage performance.

The inductor peak current varies as a function of the
load. It is advisable to select an inductor with a
saturation current rating higher than peak current of
application flowing through the power switches.

It is suggested to select an inductor with the low DCR
to obtain good performance and efficiency for
application. The inductor saturation current must be
chosen carefully considering the current limit
(4500mA max default level).

The peak current of application can be estimated
using as below equation :

Vin*xD louTyax X Your
| PEAK Ay = +
MAX D 2 x L x gy Vin*xn

Input Capacitor Selection

Steady state and transient response operation
performance also depend on input voltage stability or
not. The RT4803A at least a 10uF input capacitor is
recommended to prevent input voltage instability with
application operation. And that suggest placed as
close as possible to the Vin and GND pins of the IC is
recommended.

Output Capacitor Selection

The ripple voltage is an important index for choosing
output capacitor. This portion consists of two parts.
One is the product of ripple current with the ESR of
the output capacitor, while the other part is formed by
the charging and discharging process of the output
capacitor.

Output capacitor is selected according to output ripple
which is calculated as below equation.

AVout =AVEsr + AVouteae
AVEggr = ICRMS x RCESR

loyr % Duty
AV == @ -
OUTea ™ fow x Cu
User can use equation choose capacitor to meeting
systems ripple specification. And at least 22uF x 3
capacitors is recommended to matching application
with Vourt ripple request and stability performance.
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Register Table Lists [Slave address = 1110101 (0x75)]

Name Address Description
CONFIG 0x01 MODE control and spread modulation control
VOUTFLOOR 0x02 VSEL = L output voltage programmable register address
VOUTROOF 0x03 VSEL = H output voltage programmable register address
ILIMSET 0x04 Set current limit and soft-start current limit
STATUS 0x05 Read IC status

1°C Interface
The RT4803A I2C slave address is 1110101 (7bits). The 1°C interface supports fast mode (bit rate up to 400kb/s).

The write or read bit stream (N > 1) is shown below :

Read single byte of data from Register
Slave Address Register Address Slave Address MSB Data LSB

3 v _
S| LT T T I [Jofal [T TT T aAlsl TTTTTT[afal TTTTTTT AP

riv— Assume Address = m Data for Address = m

Read N bytes of data from Registers

Slave Address Register Address Slave Address MSB Data 1 LSB
|S||||||||°|A|||||||||A|Sr||||||||1|AI||||||||A}—‘
riv— Assume Address = m Data for Address = m
MSB Data 2 L%B M%B Data N LSB
[TITITIT AT ILI T2
Data for Address =m + 1 Data for Address=m + N -1

Write single byte of data to Register
Slave Address Register Address MSB Data LSB

¥ ¥
s LT TPl Jofaf TTT T T T T IaA[T T T1 [ [afr]

RIW Assume Address = m Data for Address = m

Write N bytes of data to Registers
Slave Address Register Address MSB Data 1 LSB MSB Data 2 LSB

4 y__ v v
ISI|||||||°|A|||||||||A|||||||||A|||||||||A}—‘

RIW Assume Address = m Data for Address = m Data for Address =m + 1

MSB Data N LSB
A4 A4
L (LTIl

Data for Address=m + N -1

|:| Driven by Master, |:| Driven by Slave, IE Stop, Start, Repeat Start

1°C Waveform Information

— / ¥ R —
SDA x X
T ) hy o ‘A’ —
tLow <l BUF i
tp ™ (4 e > IR 4 tsu;paT P [+t — |<— tHD;STA [+ tsp tr 1> I« >
p N
SCL f \ f \
—> | = tp;sTA —’| tsu;sTA — tsu;sTO A
S tHD;DAT tHiGH St P S
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Address 0x01 CONFIG
Bits 7 6 5 4 3 2 1 | o
Name RESET ENABLE[1:0] Reserved GPIOCFG SSFM MODE_CTRL[1: 0]
Reset 0 0 0 0 0 0 0 1
Type RW RW RW RW RwW RwW RwW RW
Address 0x02 VOUTFLOOR
Bits 7 6 5 4 3 2 1 0
Name Reserved VOUT[4:0]
Reset 0 0 0 0 0 1 1 0
Type RW RW RW RW RwW RwW RwW RW
Address 0x03 VOUTROOF
Bits 7 6 5 4 3 2 1 0
Name Reserved VOUT[4:0]
Reset 0 0 0 0 1 0 1 1
Type RW RW RW RW RwW RwW RwW RW
Address 0x04 ILIMSET
Bits 7 6 5 4 3 2 1 0
Name Reserved ILIM_OFF |SOFT_START ILIM[3:0]
Reset 0 0 0 1 1 1 0 1
Type RW RW RW RW RW RW RW RW
Address 0x05 STATUS
Bits 7 6 5 4 3 2 1 0
Name TSD HOTDIE | DCDCMODE OPMODE ILIMPT ILIMBST FAULT PGOOD
Reset 0 0 0 0 0 0 0 0
Type R R R R R R R R
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Addr

Reg Name

Bit

Bit Name

Default

Type

Description

0x01

CONFIG

RESET

R/W

0 : Normal operation (default)
1 : All registers are reset to default
value.

6:5

ENABLE[1:0]

00

R/W

00 : Device operation follows
hardware control signal. (Refer to
Table 1) (default)

01 : Device operation in auto
transition mode (boost/auto pass)
regardless of the nBYP control
signal. (EN = 1)

10 : Device is forced in bypass
mode regardless of the nBYP
control signal. (EN = 1)

11 : Device is in shutdown mode.
Regardless of the nBYP control
signal. (EN = 1)

Reserved

R/W

Reserved

GPIOCFG

R/W

0 : GPIO port is configured to
support manual reset input (NRST)
and interrupt generation output
(nFAULT). (default)

1: GPIO port is configured as a
device mode selection input.

SSFM

R/W

0 : Spread spectrum modulation is
disabled. (default)

1 : Spread spectrum modulation is
enabled in PWM mode.

1:0

MODE_CTRL[1:0]

01

R/W

00 : Device operation follows
hardware control signal (GPIO must
be configured as mode select
input).

01 : PFM with automatic transition
into PWM operation. (default)

10 : Forced PWM operation.

11 : PFM with automatic transition
into PWM operation (VSEL = L),
forced PWM operation. (VSEL = H).
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Addr

Reg Name

Bit

Bit Name

Default

Type

Description

0x02

VOUTFLOOR

75

Reserved

000

R/W

Reserved

4:0

VOUT[4:0]

00110

R/W

00000 : Vour = 2.85V
00001 : VouTt = 2.9V
00010 : Vour = 2.95V
00011 : Vout = 3V
00100 : Vourt = 3.05V

00110 : Vourt = 3.15V (default)

11111 : Vourt = 4.4V

0x03

VOUTROOF

75

Reserved

000

R/W

Reserved

4:0

VOUTI[4:0]

01011

R/W

00000 : Vourt = 2.85V
00001 : Vour = 2.9V
00010 : Vout = 2.95V
00011 : VouTt =3V
00100 : Vourt = 3.05V

01011 : Vout = 3.4V (default)

11111 : Vourt = 4.4V

0x04

ILIMSET

7:6

Reserved

00

R/W

Reserved

ILIM_OFF

R/W

0 : Current limit enabled (default)
1 : Current limit disabled

SOFT_START

R/W

0 : Boost soft-start current is limited
per ILIM bit settings. (EN L to H with
VN ready state)

1 : Boost soft-start current is limited
to ca. 1250mA inductor valley
current. (default)

(EN L to H with VN ready state)

3:.0

ILIM[3:0]

1101

R/W

1000 : 1500mA
1001 : 2000mA
1010 : 2500mA
1011 : 3000mA
1100 : 3500mA
1101 : 4000mA (default)
1110 : 4500mA
1111 : 5000mA
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Addr

Reg Name

Bit Bit Name

Default

Type

Description

0x05

STATUS

7 TSD

0 : Normal operation.
1 : Thermal shutdown tripped. The
flag is reset after readout.

6 HOTDIE

1 T3<90°C (Typ.)
: T3> 100°C (Typ.)

5 DCDCMODE

: Device operates in PFM mode.
: Device operates in PWM mode.

RO |+ O

4 OPMODE

0 : Device operates in forced
bypass mode.

1 : Device operates in DC-DC
mode.

3 ILIMPT

0 : Normal operation.

1 : Indicates that the bypass FET
current limit has triggered. This flag
is reset after readout.

2 ILIMBST

0 : Normal operation.

1 : Indicates that the valley input
current limit has triggered. This flag
is reset after readout.

1 FAULT

0 : Normal operation.

1 : Indicates that a fault condition
has occurred. This flag is reset after
readout.

0 PGOOD

0 : Indicates the output voltage is
out of regulation.

1 : Indicates the output voltage is
within its nominal range. This bit is
set if the converter is forced in
pass-through.
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Thermal Considerations

For continuous operation, do not exceed absolute
maximum junction temperature. The maximum power
dissipation depends on the thermal resistance of the IC
package, PCB layout, rate of surrounding airflow, and
difference between junction and ambient temperature.
The maximum power dissipation can be calculated by
the following formula :

Ppmax) = (Tamaxy — Ta) / 63a
where Tjmax) is the maximum junction temperature,

Tais the ambient temperature, and 6sais the junction to
ambient thermal resistance.

For recommended operating condition specifications,
the maximum junction temperature is 125°C. The
junction to ambient thermal resistance, 63a, is layout
dependent. For WL-CSP-16B 1.67x1.67 (BSC)
package, the thermal resistance, 034, is 47.7°C/W on a
standard JEDEC 51-7 four-layer thermal test board.
The maximum power dissipation at Ta = 25°C can be
calculated by the following formula :

Pbmax) = (125°C — 25°C) / (47.7°C/W) = 2.09W for
WL-CSP-16B 1.67x1.67 (BSC) package

The maximum power dissipation depends on the
operating ambient temperature for fixed Tymax) and
thermal resistance, 63a. The derating curve in Figure 6
allows the designer to see the effect of rising ambient
temperature on the maximum power dissipation.

25

AN

15

T
Four-Layer PCB

1.0

0.5

Maximum Power Dissipation (W)

0.0

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

Figure 6. Derating Curve of Maximum Power
Dissipation

Layout Considerations

The PCB layout is an important step to maintain the
high performance of the RT4803A.

Both the high current and the fast switching nodes
demand full attention to the PCB layout to save the
robustness of the RT4803A through the PCB layout.
Improper layout might show the symptoms of poor line
or load regulation, ground and output voltage shifts,
stability issues, unsatisfying EMI behavior or worsened
efficiency. For the best performance of the RT4803A,
the following PCB layout guidelines must be strictly
followed.

» Place the input and output capacitors as close as
possible to the input and output pins respectively for
good filtering.

» For thermal consider, it needed to maximize the pure

area for the power stage area besides the LX.
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Top View

L, The inductor should be connected
to this pin with the shortest path.

Cin

The input capacitor Cin
connected to this pin should
be grounded with the
shortest path

Cout

The output capacitor Cout connected to
this pin should be grounded with the
shortest path

The EN, VSEL , GPIO, SCL , SDA and nBYP
pin should be connected to MCU or GND. Do
not floating these pins.

Figure 7. PCB Layout Guide
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Outline Dimension

FIN A1

Imdex Area

I

D

|

1

+ oooa

Symbol Dime.nsions In Millimeters Din.1ensions In Inches
Min Max Min Max
A 0.500 0.600 0.020 0.024
Al 0.170 0.230 0.007 0.009
0.240 0.300 0.009 0.012
D 1.620 1.720 0.064 0.068
D1 1.200 0.047
E 1.620 1.720 0.064 0.068
El 1.200 0.047
e 0.400 0.016

WL-CSP-16B 1.67x1.67 (BSC)
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Footprint Information

[@ee e
| ® OO OH
JCleicle
Jelclicle

J.C

MEMD

09

.Jffﬂh_:ﬂﬁL

Number of Footprint Dimension (mm)
Package ) Type Tolerance
Pin e A B
NSMD 0.240 0.340
WL-CSP1.67*1.67-16(BSC) 16 0.400 +0.025
SMD 0.270 0.240
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14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.
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