RICHTEK

RT4803B

2.5MHz Synchronous Boost Regulator

1 General Description

The RT4803B 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 RT4803B 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 the
system minimum. In boost mode, output voltage
regulation is guaranteed up to a maximum load current
of 2000mA. The quiescent current in shutdown mode is
less than 1pA, which maximizes battery life. The
regulator transitions smoothly between bypass and
normal boost modes. The device can be forced into
bypass mode to reduce quiescent current.

The RT4803B is available in the WL-CSP-16B
1.67x1.67 (BSC) package. The recommended junction
temperature range is —40°C to 125°C, and the ambient
temperature range is —40°C to 85°C.

2 Applications

¢ Single-Cell Li-lon, LiFePO4 for Smartphones or
Tablets

e 2.5G/3G/4G Mini-Module Data Cards

3 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:

e VouTt =3.4V at VSEL = H

e Vour=3.15Vat VSEL =L

Maximum Continuous Load Current: 2A at VIN >
2.65V Boosting Vour to 3.35V

Up to 95% Efficiency

nBYP (L): Forced Bypass Mode

nBYP (H): Auto Bypass Operation when VIN >
Target VouTt

Internal Synchronous Rectifier

Overcurrent Protection

Undervoltage Protection

Overvoltage Protection

Over-Temperature Protection

Ultra-Low Operating Quiescent Current
Discharge Function Triggered at GPIO Manual
Pull Low

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

4 Simplified Application Circuit

RT4803B
V|N © 1 ’ VIN VOUT TO Vout
CiN L1
I Lm_ X T Cour
VSEL .
To pull high voltage
MCU EN

nBYP Rpull high
o—|SPA GPIO
o——SCL

AGND PGND
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5 Ordering Information

RT4803B [1-
I—-L|Packing

A: Standard

Package Type(l)
P: WL-CSP-16B 1.67x1.67 (BSC)

Note 1.

Richtek products are Richtek Green Policy compliant and
marked with (" indicates compatible with the current
requirements of IPC/JEDEC J-STD-020.

6 Marking Information

D8XXYY
CCC-RRR
YMDAN

(]

D8: Product Code
XXYY: Wafer ID with Check Sum

CCC-RRR: IC Coordinate (X, Y)
YMDAN: Date Code
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7 Pin Configuration

(TOP VIEW)

(AL (A2y (ASy (A4

EN GPIO VIN VIN

(Bl {B2; (B3} {B4}
VSEL SCL VOUT VOUT

ey {c2y {cay {4y
nBYP SDA X X

(o1} {p2y (D3 {Da}
AGND PGRND PGND PGND

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

8 Functional Pin Description

Pin No. Pin Name 110 Pin Function
A1 EN | Chip enable input pin. A high-level voltage enables the device, while a
low-level voltage turns the device off. This pin must be terminated.
A2 GPIO /0 Geqeral purpose input/output. (Details are illustrated in the operation
section.)
A3, Ad4 VIN I Power supply input.
Output voltage selection pin. The default boost output voltage setting is
B1 VSEL I Vout = 3.4V at VSEL = H and Vourt = 3.15V at VSEL = L. This pin must
be terminated.
B2 SCL | | Serial interface clock. (Pull down if 12C is not used.)
Boost output voltage pin. The PCB trace length from BSTVOUT to the
B3, B4 VOUT 0] : ; ; :
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. The
detailed mode is defined in Table 2.
C2 SDA I/0 | Serial interface data line. (Pull down if 12C is not used.)
This pin is the connection between two built-in switches in the chip and
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_ should be connected to _tr_ns pin with the shortest path for
power transmission to reduce the parasitic components effects.
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9 Functional Block Diagram
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10 Absolute Maximum Ratings
(Note 2

Note 2)
EN, GPIO, VIN, VSEL, SCL, VOUT, nBYP, SDA, LX

LX (<200ns)
Power Dissipation, PbD @ Ta = 25°C
WL-CSP-16B 1.67x1.67 (BSC)

Package Thermal Resistance  (Note 3)

WL-CSP-16B 1.67x1.67 (BSC), 6uA

Lead Temperature (Soldering, 10 sec.)

Junction Temperature

Storage Temperature Range
ESD Susceptibility  (Note 4)

HBM (Human Body Model)

-0.2V to 6V
-3V to 6V

2.09W

47.7°C/W

260°C

150°C

—65°C to 150°C

2kv

Note 2. 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

Note 3.

Note 4. Devices are ESD sensitive. Handling precautions are recommended.

11 Recommended Operating Conditions

conditions may affect device reliability.

0Ja is measured under natural convection (still air) at Ta = 25°C with the component mounted on a high

effective-thermal-conductivity four-layer test board, following the JEDEC 51-7 thermal measurement standard.

(Note 5)

Input Voltage Range

Output Voltage Range

Ambient Temperature Range

Junction Temperature Range

Note 5. The device is not guaranteed to function outside its operating conditions.

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

1.8V to 5V
2.85V t0 4.4V
—40°C to 85°C
—40°C to 125°C

Parameter Symbol Test Conditions Min | Typ | Max | Unit
VIN Operation Range VIN 1.8 - 5 V
Auto Bypass Mode, VIN = 3.8V -- 36 70
Boost Mode, ILoAD = OmA,
Switching, VIN = 3V - | 56 ) 100
Quiescent Current e Forced Bypass with LIQ, 5 g HA
VIN = 3.6V N
Forced Bypass without LIQ,
VIN = 3.6V N 16| 25
VIN Shutdown Current ISHDN EN =0V, nBYP =H, VIN = 3.6V -- -- 2 uA
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Parameter Symbol Test Conditions Min | Typ | Max | Unit
VouT =5V, EN =nBYP = H,
VOUT to VIN Reverse ILK VIN < VourT, into VIN leakage -- 0.2 2 A
Leakage
current  (Note 6)
VOUT Leakage Current ILK_ouT Vout =0V, EN = 0V, VIN = 4.2V -- 0.1 1 pA
VOUT Discharge Impedance | R_DIS_OUT -- 80 -- Q
Undervoltage Lock Out VuvLo VIN Rising - 1.6 1.8 V
Undervolltage Lock Out VUVLO, HYS B 200 B mv
Hysteresis
GPIO Low VGPIO IGPIO = 5mA - - 036 | V
GPIO Leakage Current IGPIO_LK VGPIO = 5V - - 1 uA
Logic Level High EN, VSEL,
nBYP, GPIO VIH 0.84 - - Y
Logic Level Low EN, VSEL,
nBYP, GPIO ViL - 0%V
Output Voltage Accuracy VOUT_ACCURACY | VouT - VIN > 100mV, PWM -2 -- 2 %
- : VIN = 3V, Vourt = 3.5V,
Minimum On Time ToN ILOAD > 1000mA - 80 - ns
Maximum Duty Cycle DmAX 40 -- -- %
. VIN = 2.65V, VouT = 3.5V,

Switching Frequency fsw ILOAD = 1000mA 2 2.5 3 | MHz
Boost Valley Current Limit lcL VIN = 2.9V 3.5 4 4.5 A
LIN1 Pre-Charge Current ILIN1 700 | 1000 {1300 | mA
LIN2 Pre-Charge Current ILIN2 1400 | 2000 | 2600 | mA
A_ut(_)/Forced Bypass Current IBPCL VIN = 3.2V 3 4 10 A
Limit
N-Channel Boost Switch _ _ __
Rbs(oN) (UG) RDsSN VIN = 3.2V, Vout = 3.5V 60 95 | mQ
P-Channel Boost Switch _ _ __
RbS(ON) (LG) Rpsp VIN = 3.2V, Vourt = 3.5V 40 80 | mQ
N-Channel Bypass Switch _ _ __
RDS(ON) (BYP_ MOS) RDsP_BYP VIN = 3.2V, VouT = 3.5V 40 60 | mQ
Hot Die Trigger Threshold THD Boost Mode - 100 - °C
Hot Die Release Threshold | THDR Boost Mode - 90 - °C
Over-T(_amperatu re Totp __ 160 . oC
Protection
Over-Temperature o
Protection Hysteresis Totp_Hvs N 20 N C
FAULT Restart Time TRsST -- 1 -- ms

Note 6. VouT cannot be connected to an external power source at any operation state.
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12.1  I12C Characteristics

Parameter Symbol Test Conditions Min | Typ | Max | Unit
SO SoaE el |y o oms| | - | v
Throchald Votage. | Ve - | - Jom| v
SDA Digital Output Low VoL_l2c -- - 036 | V
Standard-mode -- - 100
SCL Clock Frequency fcLk Fast-mode -- -- 400 | kHz
Fast-mode Plus -- -- {1000
Standard-mode 4.7 -- -
Bus Free Time betwgc_an tBUF Fast-mode 1.3 -- -- us
Stop and Start Condition
Fast-mode Plus 0.5 - -
Standard-mode 4 -- --
(Repeated) Start Hold Time | tHD;STA Fast-mode 0.6 - - us
Fast-mode Plus 0.26 - -
Standard-mode 4.7 -- --
(Repeated) Start Setup Time | tsu;sTA Fast-mode 0.6 -- -- us
Fast-mode Plus 0.26 -- -
Standard-mode 4 - -
STOP Condition Setup Time | tsu;sTO Fast-mode 0.6 -- -- us
Fast-mode Plus 0.26 -- -
Standard-mode 0.1 - -
SDA Data Hold Time tHD;DAT Fast-mode 0.1 -- -- ns
Fast-mode Plus 0.1 -- --
Standard-mode - -- 3.45
%I?nAéValid Acknowledge tvD;ACK Fast-mode -- -- 09 | us
Fast-mode Plus - -- 0.45
Standard-mode 250 -- --
SDA Setup Time tSU;DAT Fast-mode 100 -- -- ns
Fast-mode Plus 50 -- --
Standard-mode 4.7 -- --
SCL Clock Low Time tLow Fast-mode 1.3 -- -- us
Fast-mode Plus 0.5 -- --
Standard-mode 4 -- --
SCL Clock High Time tHIGH Fast-mode 0.6 - - us
Fast-mode Plus 0.26 - --
Copyright © 2024 Richtek Technology Corporation. Al rights reserved. FRICHTEM s 5 registered trademark of Richtek Technology Corporation.
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13 Typical Application Circuit

RT4803B
VINO A3, A4 VIN VOUT B3, B4 Vourt
1.8V to 5V CuNf Cumf L1 Cout
47uF = 10uF = €3, C4l x 22uF x 3
(Remote) 0.47uH =
BLlvseL
To pull high voltage Al To pull high voltage
MCU EN
C1 .
RscLQ Rspa nBYP Rpull high
o €2l spa GpiofR2
o B2lscL
AGND PGND
fl fz, D3, D4
Table 1. BOM of Test Board
Reference Part Number Description Package Manufacturer

C'“E,\(Efem?‘;te) GRM31CR61CAT6ME44 | 47uF/16VIX5R 1206 Murata
CIN GRM188R61A106KE6G9 10uF/10V/IX5R 0603 Murata
Court GRM188R61A226ME15D 22uF/10V/X5R 0603 Murata
L1 DFE252012F-R47M=P2 0.47uH 2520 Murata

Note 7. Remote capacitors are utilized to mitigate the long wire effect, while also enhancing the output ripple.
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14 Typical Operating Characteristics

Efficiency vs. Load Current Efficiency vs. Load Current
100 P i) 100 ( —
95 — .-:::— : \ o \\
90 AR Zsiili N T
v \
g S %
~ 85 VIN = 38V 9-/
4 - 3
S 0 ViN =34V o
E s ViN=3V ‘o Vin=3.8V
w ViN =25V E 90 VN =3.4V
70 V|N =3V \
65 88 Vin= 25V
Vout = 3.15V Vour =3.15V
60 L1 Lo 85 |
0.001 0.01 0.1 1 10 0.0 0.4 038 12 1.6 2.0
Load Current (A) Load Current (A)
Efficiency vs. Load Current Efficiency vs. Load Current
100 - =ae 100
/’ Jili N r\
95 T = i —
I \\ 98
90 Ve
— " —~
S g o5
S 85 < T \
> V=38V 2 //
S 80 c 93
Q VIN =3V Q
'HLE) 75 Lyy=osy E VN =3.8V
L N W 9 [—vyn=3V
70 ViN =25V
88
65
VOUT =3.4V VOUT =3.4V
60 11 | 85 |
0.001 0.01 0.1 1 10 0.0 0.4 08 12 16 2.0
Load Current (A) Load Current (A)
Output Voltage vs. Output Current Output Voltage vs. Output Current
3.255 3.255 .
VOUT= 3.15v
S 3.205 S 3.205
[0) SAT _
g é:>£b' NA %* ~=::: ViN=2.5V %
= N m =
Q 3155 Vin = 2.7V AN 2 3155 == —
g_ T Vin=2.9v 5_ ViN=2.5V «j ‘
> > pul
© 3105 O 3105 Vin=27V \ \ \
V|N =29V
VOUT= 3.15v \ \ \
3.055 1] AT 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)
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Output Voltage vs. Output Current

L, Vin=2.9V
S 3.450 s HH—
I A V|N =25V
% = i % Seatt N
= N
o
3.400 Hive H
2 ™ ViN=2.7V
=}
_8. > VN = 3.1V
3 L L]
Al
VOUT= 3.4V
3.300 TR AT
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 44 ouT
® louT = 1A
% 49 ouT B
s louT = 1.5A
2 40
§ 38
5 36
3.4
32 Vour=3.15V |
3.0 '
25 3.0 35 40 45 5.0
Input Voltage (V)
Boost to Bypass Mode Exit / Entry
Vour I — |
(200mV/Div) i : i i ; i
NG NG e
IN Y - 7"’ | Y’ o
(200mV/Div) 7 s

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

Vour = 315V, lgy = 500mA

Time (400us/Div)

Output Voltage vs. Output Current

3.500 .
VOUT= 3.4V
< 3.450
(]
()]
8
- §
< 3400 = —
2 VN = 2.5V
>
(@) ViN=2.7V
V|N =2.9VvV \ \
VinN=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
g s louT = 0.001A
g 4o lour=1A |
g " lout = 1.5A
S 40
S 38
5 36
34
3.2 Vour=3.4V |
3.0 '
25 3.0 35 40 45 5.0
Input Voltage (V)
VSEL Load Current
v : — :
Vi = 2.7V, Vout = 3.15V t0 3.4V, Ig 1 = 100mA
Vour  AAA
(100mV/Div)
o
VSEL £LJ
(V/Div)

Time (20us/Div)
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VSEL Load Current

v T

L V|N = 27V, VOUT =3.15V to 34V, IOUT =400mA |

.

Vour |7 \
(100mV/Div) '
L ‘ : @l
VSEL |t [ |
(2V/Div) r
Time (20us/Div)
Load Transient Vo = 3.4V
1 Vin = 2.8V, Vout = 3.4V,
louT = 100MA to 500mA/0.1us
VOUT VouT i i 1 i

(50mV/Div)

ILx
(500mA/Div)

lour L
(500mA/DIV)|

Time (20us/Div)

Power On Vg1 = 3.15V (30Q)

Lot

EN

EN

(AVIDiv) |

Vout
(LV/Div)

Ix

(I

(500mA/Div)

Time (50us/Div)

Load Transient Vo1 = 3.15V

VOuT
Vout
(50mV/Div) |

v

V|N = 28V, VOUT = 315V, |
louTt = 100mA to 500mA/0.1ps

A

o i

(500mA/Div)
IOUT 0uT ‘ @
(500mA/Div) ‘

Time (20us/Div)

Power On Vg1 = 3.15V (No Load)

(1V/Div) |

Vour
(1V/Div)

| LX ILX

|
EN I EN.

"

]

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

@

(500mA/Div) |

Time (50us/Div)
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RICHTEK RT4803B
15 Operation

The RT4803B integrates built-in power transistors, synchronous rectification, and low supply current, delivering a
compact solution for systems employing advanced Li-lon battery chemistries. Under boost mode, it ensures
output voltage regulation up to a maximum load current of 2000mA. Additionally, the quiescent current in
Shutdown mode is less than 1pA, effectively maximizing battery life.

15.1 Undervoltage Lockout

The undervoltage lockout circuit safeguards against incorrect operation at low input voltages by preventing the
converter from activating its power switches under undefined conditions. To enable the converter, the VIN voltage
must exceed the UVLO rising threshold. If the VIN voltage drops below the UVLO falling threshold during
operation, the converter is disabled until the supply surpasses the UVLO rising threshold. Moreover, the RT4803B
automatically restarts if the input voltage recovers to the input voltage UVLO high level.

15.2 EN and nBYP

It is used for selecting operating modes. As described in Table 2, there are four device states. When both EN and
nBYP are set to low, the device enters forced bypass mode with a low quiescent current (4uA). Pulling EN low
and nBYP high places the device in shutdown mode, with a quiescent current of less than 1pA. If EN is set to high
and nBYP to low, the device operates in forced bypass mode without the low quiescent current. When both EN
and nBYP are set to high, the RT4803B operates in boost and auto-bypass modes.

Table 2

EN Input | nBYP Input Mode Define Device State

Forced bypass with The device operates in forced bypass with a low quiescent

0 0 : mode featuring a low quiescent current down to about 4uA
low quiescent mode :
(typical).
0 1 Shutdown mode The device is in shutdown mode. The shutdown current is

approximately about 1pA (max.).

The device is active in forced bypass mode without the low
quiescent mode.
The device supply current is approximately about 15uA

(typical).

Forced bypass
1 0 without low
quiescent mode

The device includes boost and auto bypass modes, depending
Boost and auto on whether VIN is larger than VouT.

bypass mode The device supply current is approximately about 35uA (typical)
in auto bypass mode and 55uA (typical) in boost mode.

15.3 Enable (nBYP = High Status)

The device's functionality can be enabled or disabled via the EN pin. When the EN pin exceeds the logic-high
threshold, the device begins operating in accordance with the operation diagram in Figure 2, and the conditions
outlined in Table 3. In shutdown mode, the converter ceases switching, and the internal control circuitry is
deactivated. Consequently, the output voltage is diminished due to component consumption (such as Cap ESR),
and no discharge function is active in this state. The discharge function is exclusively activated when the GPIO is
set to a low status (with Reg.0x01[3] set to 0).
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15.4  Soft-Start State

During the soft-start phase, if VOUT reaches 95% of VouT_Target, the RT4803B will transition into boost operation.
Alternatively, if the count exceeds 512pus, the RT4803B will enter a fault state.

15,5 Boost/Auto Bypass Mode

When nBYP = H, two normal operation modes are available: boost mode and auto bypass mode. In boost mode,
the RT4803B supplies power to the load through internal synchronous switches after the soft-start phase. In auto
bypass mode, the input voltage is directly bypassed to the output terminal, enabling the RT4803B to deliver
maximum current capacity. Detailed descriptions are provided as follows:

155.1 Boost Mode (Auto PFM/PWM Control Method)

To conserve power and enhance efficiency at low loads, the Boost operates in PFM (Pulse Frequency Modulation)
as the inductor transitions into DCM (Discontinuous Current Mode). The switching frequency adjusts in proportion
to the load to maintain output voltage regulation. As the load increases and the inductor current becomes
continuous again, the Boost automatically reverts to PWM (Pulse Width Modulation) fixed frequency mode.

15.5.2 Auto Bypass Mode

The control loop will automatically transition to auto bypass mode if VIN exceeds VOUT. MOSFET Q3 will activate,
causing MOSFETs Q1 and Q2 to turn off synchronously. Upon entering auto bypass mode, the MOSFET Q3
current limit is 4000mA (typical), as described in Figure 1.

15.5.3 Forced Bypass Mode

When nBYP is set to L, MOSFET Q3 activates, causing MOSFETs Q1 and Q2 to turn off, allowing the input
voltage to pass directly to the output terminal. In forced bypass mode, the MOSFET Q3 current limit is 4000mA
(typical), as described in Figure 1.

Vout
Q3_BYP_MOS _|_ 0

h

ViNo YN O LX

+—
ﬂu—
—

Q2_LG

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

15.6 LIN State

When VIN > UVLO and EN transitions from low to high, the output capacitor undergoes linear startups until VIN -
Vourt is less than 300mV (typical). The linear startups consist of LIN1 and LIN2 states. LIN1 pre-charge involves a
1000mA (typical) current with an 800us duration, and the IC shifts to LIN2 pre-charge utilizing 2000mA (typical)
for a 1600us duration if VIN — VouT remains greater than 300mV (typical). If VIN — Vour is less than 300mV, the
RT4803B enters soft-start operation after the linear startup (LIN1/2) states. Alternatively, if VIN — VouT exceeds
300mV, the RT4803B transitions to a fault state.
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VN Ready
ENLtoH

LIN 1
Pre-charge Current
1000mA (Typical)

A

Yes VN - 300mV <
Vout

LIN1 Time Out >

A 4

LIN 2
Pre-charge Current [«
2000mA (Typical)

A

Yes

VN - 300mV <
Vour

Soft-start <

Vout> 0.95 x
VOUT_Targe

Soft-start Time
Out > 512us

LIN2 Time Out >

Boost Mode Fault State Shutdown Count 1ms

A 4

Figure 2. The RT4803B State Chart

Table 3
Mode Description Condition
LIN Linear Startup 1 VIN — 300mV > VouT
(Include LIN1T/LINZ States) Linear Startup 2
Soft-start Boost Soft-start 0.95 x VOUT_Target > VOUT 2= VIN — 300mV

Boost Boost Mode VOUT Target > 0.95 X VOUT Target

When VIN > Vour, the control loop
Auto Bypass Auto Bypass Mode automatically transitions between auto

bypass mode and boost mode.
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Vout

VouT_Target

0.95 X VouT_Target

ViN

VIN - 300mV

The control loop automatically transitions
between auto bypass mode and boost mode.

Linear Startup Soft-Start Boost mode Auto bypass mode
(LIN1&LIN2 pre-charge state)

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

15.7 VSEL

To uphold a target minimum output voltage under challenging application conditions, such as full load transients,
the output voltage set point can be dynamically increased by activating the VSEL input. This functionality also
assists in mitigating voltage undershoot during line transients in worst-case scenarios. By default, the RT4803B
has an output voltage setting of 3.15V when VSEL is set to L, and this can be programmed using Reg.0x02[4:0].
Additionally, when VSEL is set to H, the default output voltage setting is 3.4V, which can be programmed using
Reg.0x03[4:0].

15.8 GPIO

The GPIO can be configured to serve as either a mode selection or an nRST/nFAULT function, with control over
the GPIO port configuration bit in Reg.0x01[3].

15.8.1 Reg.0x01[3] Setting 0:

The GPIO supports for a manual reset input (nRST) and an interrupt generation output (nFAULT).

For the fault output (open-drain interrupt), the GPIO will pull low if a fault occurs. Meanwhile, the manual reset
input allows the RT4803B to restart upon manual toggling, following the state chart in Figure 3.

Additionally, the RT4803B incorporates a discharge function, the activation of which relies on the setting of
Reg.0x01[3]. This function is released 2ms after the GPIO goes high in all modes except shutdown mode. In
shutdown mode, the function is immediately released when the GPIO goes high.

GPIO

Discharge

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

Copyright © 2024 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.

www.richtek.com RT4803B_DS-00 May 2024
16




RICHTEK RT4803B

GPIO

Discharge

}._.

2ms

(b). In Other Modes
Figure 4. Discharge Function Diagram

15.8.2 Reg.0x01[3] Setting 1:

To configure the GPIO pin as the input for device mode selection, the following settings should be applied:
e MODE_CTRL[1:0] in Register 0x01[1:0] should be set to 2’b00.
e GPIOCFG in Register 0x01[3] should be set to 1’b1.

With these configurations in place:
e When the GPIO pin is set to Low, the device will operate in Auto PFM/PWM mode.
e When the GPIO pin is set to High, the device will operate in Forced PWM control mode.

15.9 Current Limit

The RT4803B utilizes a valley-current limit detection scheme to monitor the inductor current during the off-time.
When the load current exceeds the valley current-limit threshold, the off-time is extended until the current
decreases to the valley-current threshold. Subsequently, the next on-time commences once the current has
decreased to the valley-current threshold. The on-time is determined by the (VouT — VIN) / Vour ratio. If the load
current continues to increase, the output voltage will decrease. The current limit function is implemented using
this scheme, as described in the provided figure.

> N 00
Y

fsw / Valley Current Limit
ANEVAN VAN /
Inductor Current Iin (DC

/ \/ AL N \/ in (DC)

A|L:mx D

L fgw

Figure 5. Inductor Currents in Current Limit Operation

15.10 OTP

The converter incorporates over-temperature protection. If the junction temperature exceeds the thermal
shutdown rising threshold, the system will enter a latch state, and the output voltage regulation will cease until the
junction temperature falls below the falling threshold.
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15.11 OVP

The device does not operate when the input voltage (VIN) exceeds the overvoltage protection (OVP) level, set at
5.7V. A typical 100mV hysteresis is implemented to prevent unstable on/off behavior. If the input voltage exceeds
5.7V, the IC will shut down until the voltage level decreases to below 5.6V, at which point the device will return to
normal operation. The OVP protection serves to prevent the IC from operating under abnormal input power
conditions and protect the device from potential damage.

15.12 UVP

To mitigate the risk of large power dissipation that could potentially damage the IC during abnormal operation, the
RT4803B employs Undervoltage Protection (UVP). If the output voltage (VouT) drops below 80% of the targeted
output voltage, the IC will enter shutdown mode upon triggering a fault signal. After the fault state has persisted
for 1ms, the IC will resume operation once the abnormal state is resolved.

15.13 Fault State

The fault state will be triggered under the following conditions:
1. Linear startup failure

2. Soft-start failure

3. Undervoltage Protection (UVP)

4. Over-Temperature Protection (OTP)

Upon the occurrence of a fault state, the IC will enter shutdown for 1ms. Following the completion of the 1ms
count, the IC will restart. The state chart portraying the operation of the RT4803B is illustrated in Figure 2.

15.14 Protection

Certainly, below is a table describing the protection actions for the RT4803B:

Protection Type Threshc_>|d 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, . Amo
OTP 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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16 Application Information
(Note 8)

16.1 Boost Output Current Capacity

The RT4803B device incorporates a valley inductor current limit and a max duty cycle limit scheme. In boost
mode, the current-limit threshold can be adjusted via an 12C register. While the current limit is programmable, the
output current capacity is constrained by the maximum duty cycle design. Therefore, it is essential that the duty
cycle in the first application be smaller than the max duty cycle to ensure the maximum continuous output current
(IOUTMAX) is not exceeded.

VIN

’]-
Vout

= Duty <40% ( max duty cycle limit)

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

| = ﬂ xn x|
OUTyax — Vour N * liNpax

(liny,ax @bout equal I

valley current limit Ievel)

16.2 Inductor Selection

The choice of inductor value significantly impacts transient, ripple, and overall performance. The RT4803B
recommends a nominal inductance value of 0.47uH to achieve superior performance.

Since the inductor peak current varies based on the load, it is prudent to select an inductor with a saturation
current rating higher than the peak current of the application flowing through the power switches. Opting for an
inductor with a low DCR is advised to enhance performance and efficiency for the application. Careful
consideration of the inductor's saturation current is necessary, taking into account the current limit (4500mA max
default level).

The peak current of the application can be estimated using the following equation:

| _ VnxD loutyax * Vout
LPEAKWAX = 2 L x fapy VST

16.3 Input Capacitor Selection

The steady-state and transient response operation performance of the RT4803B is influenced by the stability of
the input voltage. To prevent input voltage instability during operation, it is recommended to use a minimum of a
10uF input capacitor. It is advisable to place this capacitor as close as possible to the VIN and GND pins of the IC.

Furthermore, it is important to consider the potential impact of the "long wire" effect, which can result in instability
in boost converter operation. To mitigate this effect and improve system stability, the usage of a remote input
capacitor of 47uF is suggested.
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16.4 Output Capacitor Selection

The ripple voltage, which is a crucial factor in selecting the output capacitor, consists of two components. The first
component is the product of the ripple current with the ESR (Equivalent Series Resistance) of the output capacitor.
The second component is formed by the charging and discharging process of the output capacitor. This
comprehensive understanding of the ripple voltage is essential in accurately choosing an appropriate output
capacitor for the RT4803B.

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

AVout = AVEesr + AVouTtese
AVEsr = ICRMS % RCESR

_ lour x Duty
AVouTore = fsw % Cuin

Users can use the equation to choose a capacitor that meets the systems ripple specifications. It is recommended
to use at least 22uF x 3 capacitors to match the application’s VouT ripple requirements and ensure stability
performance.

16.5 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

16.6  I2C Interface
The RT4803B I°C slave address is 1110101 (7bits). The 12C interface supports fast mode (bit rate up to 400kb/s).

The write or read bit stream (N > 1) is shown below:
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Read a single byte of data from Register
Slave Address Register Address Slave Address MSB Data LSB

v v _
S| [T T [ [T oAl TTTTTTI[Als] [TTTITIe[afTTTTITTI[AlP

R/V_V—f Assume Address =m Data for Address =m

Read N bytes of data from Registers

Slave Address Register Address Slave Address M§B Data 1 L%B
ISI||||||IOIAI|||||||IAISrI|||||||1|AI||||||||A}—‘
ri2 Assume Address = m Data for Address = m
MSB Data 2 LSB MSB DataN LSB
L 4 v vy
LITTTTTT [ap LIT LTI [&]lP]
Datafor Address=m +1 Datafor Address=m+N -1

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

¥ ¥
sL LT T TP [Jofal [TTTTTTIa[TTTT T[] [alr]

R/W—f Assume Address =m Data for Address =m

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

v 4
ISI|||||||0|A|||||||||A|||||||||A|||||||||A}—‘

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

MSB DataN LSB
¥ ¥
L EEERERRNDD

Datafor Address=m+N -1

D Driven by Master, D Driven by Slave, IEI Stop, Start, Repeat Start

16.7 12C Waveform Information

— 3 e T
>t / | >< / >< A\
tLow « BUF i
tp 4[4 e YR [tsupar 7| [+ tF — |<— tHD;STA | [+ tsp tR > 1« >
3
SCL
—> 4= tHp;sTA —>| A I« tsy;sTA = tsy;sTo «—
s tHD;DAT tHIGH St P S
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16.8 Thermal Considerations

For continuous operation, it is essential to ensure that the absolute maximum junction temperature is not
exceeded. The maximum power dissipation is influenced by factors such as the thermal resistance of the IC
package, PCB layout, surrounding airflow rate, and the temperature differential between the junction and ambient
conditions. The maximum power dissipation can be calculated using the following formula:

PDMAX) = (TI(MAX) — TA) / B3A

where TJMAX) is the maximum junction temperature, TA is 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, 6Ja, is layout dependent. For the WL-CSP-16B 1.67x1.67 (BSC) package, the
thermal resistance, 0Ja, 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:

Pb(max) = (125°C — 25°C) / (47.7°C/W) = 2.09W for a WL-CSP-16B 1.67x1.67 (BSC) package
The maximum power dissipation depends on the operating ambient temperature for a fixed Timax) and thermal

resistance, 6JA. The derating curve in Figure 6 allows the designer to see the effect of rising ambient temperature
on the maximum power dissipation.

25 T
g Four-Layer PCB
©
2
@ 15
[
g
2 10
o
£ \
=1
g 05
<
©
=

0.0

0 25 50 75 100 125

Ambient Temperature (°C)

Figure 6. Derating Curve of Maximum Power Dissipation
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16.9 Layout Considerations

The PCB layout plays a crucial role in maintaining the high performance of the RT4803B. Both the high current
and fast switching nodes require careful attention in the PCB layout to ensure the robustness of the RT4803B. An
improper layout could result in poor line or load regulation, ground and output voltage shifts, stability issues,
unsatisfactory EMI behavior, or reduced efficiency. To achieve the best performance from the RT4803B, it is
essential to strictly adhere to the following PCB layout guidelines:

e Place the input and output capacitors as close as possible to the input and output pins respectively for good
filtering.
o For thermal considerations, it is necessary to maximize the pure area for the power stage area, especially

around the LX pin.

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

Cour

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

D) (2 () (&)
)€ 66
@ @)
) 2 @) )

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

Figure 7. PCB Layout Guide

Note 8. The information provided in this section is for reference only. The customer is solely responsible for the designing,
validating, and testing your product incorporating Richtek’s product and ensure such product meets applicable
standards and any safety, security, or other requirements.
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17 Functional Register Description

Address 0x01 CONFIG
Bits 7 6 | s 4 3 2 1 0
Name | RESET ENABLE[1:0] Reserved | GPIOCFG SSFM MODE_CTRL[1: 0]
Reset 0 0 0 0 0 0 0 1
Type RwW RW RW RW RW RW RW 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 RwW RW RW RW RW RW RW 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 RW RW 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 RwW RW RW RW RwW 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
0: Normal operation (Default)
7 RESET 0 R/W | 1: All registers are reset to default
value.

00: Device operation follows
hardware control signal. (Refer to
Table 2) (Default)

01: Device operation in auto
transition mode (boost/auto pass)
regardless of the nBYP control
6:5 ENABLE[1:0] 00 R/W | 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)

4 Reserved 0 R/W | Reserved

0: GPIO port is configured to

0x01 CONFIG support manual reset input (nRST)
and interrupt generation output

3 GPIOCFG 0 RIW 1 (nFAULT). (Default)

1: GPIO port is configured as a

device mode selection input.

0: Spread spectrum modulation is
disabled. (Default)

1: Spread spectrum modulation is
enabled in PWM mode.

2 SSFM 0 R/W

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

01: PFM with automatic transition
1.0 | MODE_CTRL[1:0] 01 R/W | 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

VOUTI4:0]

00110

R/W

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

00110: Vour = 3.15V (Default)

11111: Vourt = 4.4V

0x03 VOUTROOF

75

Reserved

000

R/W

Reserved

4:0

VOUT[4:0]

01011

R/W

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

01011: VouT = 3.4V (Default)

11111: Vout = 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 VIN ready state)

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

(EN L to H with VIN 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

TSD

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

HOTDIE

0: T3 < 90°C (Typ.) (Default)
1: T3> 100°C (Typ.)

DCDCMODE

0: Device operates in PFM mode.
(Default)
1: Device operates in PWM mode.

OPMODE

0: Device operates in forced
bypass mode. (Default)

1: Device operates in DC-DC
mode.

STATUS

ILIMPT

0: Normal operation (Default)

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

ILIMBST

0: Normal operation (Default)

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

FAULT

0: Normal operation (Default)

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

PGOOD

0: Indicates the output voltage is
out of regulation. (Default)

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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18 Outline Dimension

FIM - Ad - E -~ — E1—

Imdex Area

| r
-

AACACACIIR
T

g EJUULﬂt‘I

Dimensions In Millimeters Dimensions In Inches
Symbol - :
Min Max Min Max
A 0.500 0.600 0.020 0.024
Al 0.170 0.230 0.007 0.009
b 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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19 Footprint Information

RT4803B

(o el e
)| D BB B
OGO ®
DG D

b

MEMD SMD

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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20 Packing Information

Tape and Reel Data

20.1
e P —a] PIN 1 / \
’ \ / A\ T
—, — - - .'I | 'l’ Sl 11 I —
/ olo olo o o\o O | - =
{ . 3 3 |II | . N ) L /
) ‘ . H ‘ | ‘ Y - /1
! fi |
N
Feed Direction > w
arrier Tape
END Round Sprocket Holes START
R R R R A Al il
- r = r
saEnuinuganlaaganiing
: - e {-—e ' e—EL =—a—lf
L..J..J I._L_.u I__L_l L_L,l .L Lr_L_.a [
Trailer Leader
~—160 mm minimum, ——=~—Components —~=——600 mm Minimum, ——
Tape Size Pocket Pitch Reel Size (A) Units Trailer Leader Reel Width (W2)
Package Type ;
(W1) (mm) (P) (mm) (mm) | (in) | PerReel (mm) | (mm) | Min./Max. (mm)
WL-CSP
1.67x1.67 8 4 180 7 3,000 160 600 8.4/9.9
H
I zJ C, D, and K are determined by component
S R (S B S O I
[ size. The clearance between the components
W1 * ~ ~ -~ —~ and the cavity is as follows:
C U 1 ] o O
‘ - For 8mm carrier tape: 0.5mm max.
P |
- 3
W1 P B aJ H
Tape Size
Max. Min. Max. Min. Max. Min. Max. Min. Max. Max.
8mm 8.3mm | 3.9mm | 4.1mm | 1.65mm | 1.85mm | 3.9mm | 4. 1mm | 1.5mm | 1.6mm 0.6mm
Copyright © 2024 Richtek Technology Corporation. All rights reserved. RICHTEK s, registered trademark of Richtek Technology Corporation
RT4803B_DS-00 May 2024

www.richtek.com
30



RICHTEK RT4803B

20.2 Tape and Reel Packing

Step Photo/Description Step Photo/Description
g =y A4 L 3
A awa 3
1 4 Pob = — j
b x;
| —
Reel 77 12 inner boxes per outer box
2 5
Packing by Anti-Static Bag Outer box Carton A
REE Y -
i |
B
3 a@g ‘gl‘ "ﬁ\- * RICHTE . 6
3 reels per inner box Box A
Container Reel Box Carton
Package Size | Units Item Reels Units Item Boxes Unit
WL-CSP Box A 3 9,000 Carton A 12 108,000
77 | 3,000
1.67x1.67 Box E 1 3,000 For Combined or Partial Reel.
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20.3 Packing Material Anti-ESD Property

Su_rface Aluminum Bag Reel Cover tape | Carrier tape Tube Protection Band
Resistance
Q/cm? 104to 10" | 10%to 10" | 104to 10" | 10%to 107" | 10 to 10™" 104 to 1011

Richtek Technology Corporation

14F, No. 8, Tai Yuen 13! Street, Chupei City

Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot
assume responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate

and reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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21 Datasheet Revision History

Version Date Description Item
Marking Information on P2
. Typical Application Circuit on P9
00 20247517 Final Application Information on P23
Packing Information on P31
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