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RICHTEIKK RT4733
Power Solution for Wearable AMOLED Products

1 General Description 3 Features

The RT4733 is a highly integrated power solutonwitha ~ * 2.9V to 5.5V Supply Voltage Range
buck-boost converter and an inverting charge pump to ¢ Positive OVDD Voltage from 2.8V to 4.6V
generate negative output voltage. The output voltages  Negative OVSS Voltage from —0.6V to -4.2V
can be adjusted via the SWIRE interface protocol. The ¢ Positive AVDD Voltage from 2.8V to 3.3V
part maintains high efficiency by utilizing a -0.5x/~1x ~ * —0.5x/~1x VON Negative Charge Pump

mode fractional charge pump. With an input voltage o Maximum Output Current up to 150mA for

range of 2.9V to 5.5V, the RT4733 is optimized for AMOLED Positive & Negative Power Supply in

products powered by single-cell batteries and can Symmetry Mode

supply symmetrical output currents up to 150mA. The o Maximum Output Current up to 60mA for

RT4733 is available in the WL-CSP-21B 1.31x2.91 AMOLED Positive & Negative Power Supply in

(BSC) package. Asymmetry Mode

The recommended junction temperature range is —40°C e Maximum Qutput Current up to 30mA for AVDD
Output Supply

to 125°C, and the ambient temperature range is —40°C
o Excellent Line and Load Transient/Regulation

to 85°C.
o Discharge/Hi-Z Function
2 Applications  Low Quiescent Current < 1pA in Shutdown Mode
e AMOLED Panels e UVLO, OCP, SCP, OTP Protection
e Wearable Devices o Available in 21-Ball WL-CSP Package

4 Simplified Application Circuit

1 1
uH 1uH
VIN=2.9V~5.5V VIN=2.9V-5.5V
e l pun W2 sw2 O J_ pun W sw2
CoE vout e vout
= 10uF = 10uF
. AVIN PGND . AVIN PGND
Lo Lo
10uF AVDD 33v 10uF AVDD 33V
c6 c6
= I 10uF = I 10uF
VIN or VOUT O————vina VINorvouT ~ Q——— VINA
ovDD 33v ovDD 46V
When VINSAVDD+0.2V, VINA=VOUT e When VIN<AVDD+0.2V, VINA=VOUT =
c3 RT4733 1 c3 RT4733 1
4.7uF cin o 4.7uF cin o
cs cs
cp I 100F -,_— cop I 100F
L ca L
c2N ane T oo
ovss __L_O 3av ovss __L_O 22v
Low ————» SET I High/Float ——————m| SET I
Fast Discharge —— | N Fast Discharge. ——pm] N
FD co FD co
10uF 10uF
OVDD, OVSS enable and »| swire OVDD, OVSS enable and SWIRE
programming by SWIRE programming by SWIRE
E— —_—
AVDD enable AVDDEN  coonp AGND AVDD enable AVDDEN  cpnp AGND

Note: C4 is only used when VON: —0.5x.
Without head room control (HRC)
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5 Ordering Information

6 Marking Information

RT4733|1 91: Product Code
YMDNN: Date Code

Package Type(l) 91D\l\(ll\l<||

WSC: WL-CSP-21B 1.31x2.91 (BSC)
Note 1. o
Richtek products are Richtek Green Policy compliant and
marked with (") indicates compatible with the current
requirements of IPC/JEDEC J-STD-020.
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7 Pin Configuration

(TOP VIEW)

swi| {ay  {my {3} |AVIN
o R

sw2| {Ey  {EY  {®s) | AVDD
“““ Covia 7

vout| {e1y  {c2}  {cs} | ovoD
s

c1pP {_’E"-i‘,‘f’ ’::52\,‘"’ {03} | AGND
ST

CIN| {EL} E2; E3) SWIRE
. ceao

cop| {ry {r} {rs} | AVDDEN
-

C2N :::é'i‘,‘g :::é'z"‘,‘g :::éé‘} ovss
Towon

WL-CSP-21B 1.31x2.91 (BSC)

8 Functional Pin Description

Pin No. Pin Name Pin Function
A1 SWi1 SW1 switching node for buck-boost converter.
A2 PVIN Power input for buck-boost converter.
A3 AVIN Analog power input for IC.
B1 SW2 SW2 Switching node for buck-boost converter.
B2 VINA Power input for AVDD.
B3 AVDD AVDD LDO output.
C1 VOUT VOUT Buck-boost converter output.
C2 PGND Power ground.
C3 OvDD OVDD LDO output.
D1 C1P Flying capacitor 1 positive connection.
D2 SET S_ele_ct pin for symmetry or asymmetry power. SET pin = L: symmetry mode; SET
pin = H or floating: asymmetry mode.
D3 AGND Analog ground.
E1 C1N Flying capacitor 1 negative connection.
E2 CPGND Charge pump ground.
E3 SWIRE Enable for OVDD and OVSS. SWIRE control interface.
F1 C2pP Flying capacitor 2 positive connection.
E2 ED Enable for fast discharge function. FD pin = L: disable; FD pin = H or floating:
enable.
F3 AVDDEN Enable for AVDD.

Copyright © 2024 Richtek Technology Corporation. All rights reserved
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Pin No. Pin Name Pin Function
G1 C2N Flying capacitor 2 negative connection.
G2 VON VON charge pump output.
G3 OovsSs OVSS LDO output.

9 Functional Block Diagram

1 1 1 ‘|
J L J
SW1 SW2 VOUT VINAT
PVIN
L 4 [ . L J AVD
Ly | | i | AVDD ]
AVIN UVLO | —l_
[ |
OovDD
Gate T | ovbD ]
HI_ Drive _|E
C1P
I:-|PGND
i * [ R2
~1x CPGN
oscC Control - -0.5x
Logic AMP R1 Negative
9 + Charge
oTP = Pump
Digital
Control VREF
OCP
scp OVSS
AGND
1
L
RICHTEK
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10 Absolute Maximum Ratings

(Note 2)
o Supply Input Voltage, PVIN, AVIN, VINA to AGND —-0.3V to 6V
e« VOUT, AVDD, OVDD, SWIRE, AVDDEN, SET, FD to AGND —-0.3V to 6V
¢ VON, OVSS, to AGND -6V to 0.3V
e SW1, SW2, C1P, C2P to PGND -0.3V to 6V
e C1IN, C2N to PGND -6V to 0.3V
e Power Dissipation, Pb @ Ta = 25°C

WL-CSP-21B 1.31x2.91 (BSC) 2.99W
e Package Thermal Resistance (Note 3)

WL-CSP-21B 1.31x2.91 (BSC), 6JA 33.4°C/W
e Lead Temperature (Soldering, 10 sec.) 260°C
¢ Junction Temperature 150°C
e Storage Temperature Range —65°C to 150°C
e ESD Susceptibility  (Note 4)

HBM (Human Body Model) 2kv

CDM (Charge Device Model) 500V

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 conditions may affect
device reliability.

Note 3. 6a 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 on a JEDEC 51-7 thermal measurement standard. 6,c is measured at the exposed pad
of the package.

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

11 Recommended Operating Conditions

(Note 5)

¢ Supply Input Voltage Range 2.9V to 5.5V

o Ambient Temperature Range —40°C to 85°C
¢ Junction Temperature Range —40°C to 125°C

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

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

(Vin = 3.7V, VOVDD = 3.3V, VOVSS = -3.3V, VAVDD = 3.3V, Ciy = 10uF, COVDD = COVSS = CAVDD = 10uF, L = 1uH, Ta =
25°C, unless otherwise specified.)

Parameter Symbol Test Conditions Min | Typ | Max Unit
General
VIN Supply Input VIN 20 |37 55 | v
Voltage
VIN =3.7V, no load, SET =L,
AVDDEN = H, SWIRE =H (pulse -- 270 --
= 97 default), bypass mode
IQ_VIN_SW_VON_N1x
VIN = 3.7V, no load, SET =L,
AVDDEN = H, SWIRE = H (pulse - 170 --
= 95), bypass mode
Quiescent Current VIN = 3.7V, no load, SET = H, A
AVDDEN = H, SWIRE = H (pulse -- 380 -- K
= 97 default)
IQ_VIN_SW_VON_NO.5x
VIN = 3.7V, no load, SET = H,
AVDDEN = H, SWIRE =H (pulse -- 230 --
= 95)
| VIN = 3.7V, no load, AVDDEN = _ 70 _
Q_VIN_IDLE H. SWIRE = L
VIN = 2.5V to 5.5V, AVDDEN =L,
Shutdown Current ISHDN_VIN SWIRE = L -- -- 1 uA
Undervoltage-Lockout -
Rising Threshold VUVLO_R VINTising - |23d) - v
Undervoltage-Lockout .
Falling Threshold VUVLO_F VIN falling I v
Over-Temperature o
Protection Totp - 140 - C
Over-Temperature o
Protection Hysteresis TOTP_HYS - 15 h C
SWIRE
- - ] tWAIT_INT_SWIRE 300 -- --
Initial Waiting Time AVDDEN =H us
tWAIT_INT_OVDDEN -- -- 300
SWI.RE _Input Voltage VIH_SWIRE 1 -- VIN \Y
Logic-High
SWI.RE Input Voltage VIL_SWIRE GND -- 0.4 V
Logic-Low
Pull-Down Resistance | RPD_SWIRE 350 500 | 650 kQ
Turn-Off Detection
Time tOFF_SWIRE 120 -- 150 us
Signal Stop Indieate | srop_swire 80 | ~ | 100 | ps
ime
Rising Time tR_SWIRE -- -- 200 ns
Falling Time tF_SWIRE -- -- 200 ns
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Parameter Symbol Test Conditions Min | Typ | Max Unit
Clocked SWIRE High |toN_SWIRE 4 -- 20 us
Clocked SWIRE Low | tOFF_SWIRE 4 -- 20 us
Input Clocked fOLK_SWIRE 25 | - | 125 | KkHz
Frequency
Logic Signals (AVDDEN)

In.put Voltage Logic- VIH_AVDDEN 1 _ VIN Vv
High
:_nput Voltage Logic- VIL_AVDDEN GND - 0.4 \Yj
ow
Lum-Oﬁ Detection tOFF_AVDDEN 120 - 150 us
ime
Pull-Down Resistance | RPD_AVDDEN 350 500 650 kQ
Logic Signals (SET, FD)
Inlput Voltage Logic- VIH_SET, FD 1.0 - VIN \%
High =
Input Voltage Logic- VIL_SET, FD GND - 0.4 \%
Low
Pull-Up Resistance RPU_SET, FD 210 265 340 kQ
VOUT Buck-Boost Converter
SET=L -- 4.8
Output Voltage Range | VouTt V
SET=H -- 5.4
Switching Erequenc VIN = 2.9V to 5V, Vout = 3.55V,
9 Frequency | vout acc_sw VOUT operates in boost orbuck | 1.98 | 22 | 242 | MHz
Accuracy
mode
- louT_MAX mA
Current Capability SEL = H, VIN = 2.9V to 5V 150 | -- -
H|gh-S|c_ie MOSFET RDSON H VOUT loUT = 100mA - 100 - mQ
On-Resistance - =
Low-Sld_e MOSFET RDSON L VOUT loUT = 100mA - 200 - mQ
On-Resistance -
Current Limit Peak ILIM_PEAK 1.5 1.75 2 A
Short Circuit VIN = 2.9V to 5V, without o
Protection Threshold VscP_vouT hysteresis s 80 85 %
Short Circuit _
Protection Delay Time tbLy scp_vouTt VIN = 2.9V to 5V 0.85 1 1.15 ms
Power-Off Discharge {DISCHG VOUT VIN = 2.9V to 5V, AVDDEN = 3 _ _ ms
Time ScHe_vou SWIRE = L
VON Charge Pump
?i‘:n"‘fr'Oﬁ Discharge |1 scha von VIN = 2.9V to 5V, SWIRE = L 3 - - ms
AVDD LDO
Output Voltage Range | VAvVDD 28 -- 3.3 \Y
Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK is a registered trademark of Richtek Technology Corporation.
www.richtek.com DS4733-03 December 2024

8



RICHTEK

RT4733

Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Default Output
Voltage

VAVDD_3.3V

VIN = 2.9V to 5V, VINA = VAVDD
+ 0.3V, no load

3.2835

3.3

3.3165

\

Output Accuracy

VAVDD_ACC

VIN = 2.9V to 5V, VavDD = 2.8V to
3.3V, noload, TA = 25°C

-0.5

0.5

VAVDD_ACC 3T

VIN = 2.9V to 5V, VavDD = 2.8V to
3.3V, no load, Ta = -40 to 85°C

-0.8

0.8

%

Maximum Output
Current Capability

IAVDD_MAX

VIN = 2.9V to 5V, VavDD = 2.8V to
3.3V

30

mA

Line Regulation

VLINE_REG_AVDD

VIN = 2.9V to 5V, VavDD = 2.8V to
3.3V, lavpD = OmA to 30mA

10

mV

Load Regulation

VLOAD_REG_AVDD

VIN = 2.9V to 5V, VavDD = 2.8V to
3.3V, lavpD = OmA to 30mA

10

mV

Output Voltage Ripple

VOUT RIPPLE_SYM_
AVDD

VIN=3.7V, SET =1L,

VavDD = 3.3V, lavDD < 10mA,

VovbD = 3.3V, lovbpD < 30mA,
Vovss =-3.3V, lovss < 30mA

A10

VOUT_RIPPLE_ASYM_
AVDD

VIN = 3.7V, SET =H,

VavDD = 3.3V, lavDD < 10mA,

VovbD = 4.6V, lovbD < 30mA,
Vovss = -2.2V, lovss < 30mA

A10

VOUT RIPPLE_HB_
AVDD

VIN=3.7V, SET =1L,

HRC = Enable,

VavDD = 3.3V, lavDD < 10mA,
VovbD = 3.3V, lovbD < 150mA,
Vovss = -4V, lovss < 150mA

A10

mV

Line Transient
Response

VLINE_TR SYM_AVDD

VIN = 2.9V to 5V, AVIN = 500mV,
tR =tF = 10us, SET =L,

VavDD = 3.3V, lavDD = 10mA,
Vovpb = 3.3V, lovbb = 30mA,
Vovss =-3.3V, lovss = 30mA

VLINE_TRASYM_AVDD

VIN = 2.9V to 5V, AVIN = 500mV,
tR =tF = 10us, SET = H,

VavDD = 3.3V, lavDD = 10mA,
VovbD = 4.6V, lovbb = 30mA,
Vovss = -2.2V, lovss = 30mA

VLINE_TR HB_AVDD

VIN = 2.9V to 5V, AVIN = 500mV,
tR=tF =10us, SET =L, HRC =
Enable,

VavDD = 3.3V, lavDD = 10mA,
VovbD = 3.3V, lovbD = 150mA,
Vovss = -4V, lovss = 150mA

-10

10

mV
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Parameter Symbol Test Conditions Min | Typ | Max Unit
VIN=3.7V, SET =1L,
Vavbp = 3.3V, VovbpD = 3.3V,
Vovss = -3.3V,
VLOAD_TR SYM_AVDD lOVDD-0VSS = 50mA. 10 10
lavbD =0 <— 10mA,
tR =tF = 10us
VIN = 3.7V, SET =H,
VavpD = 3.3V, VovbD = 4.6V,
. Vovss =-2.2V,
I;;e;d (')I'rzzg&ent VLOAD_TR SYM_AVDD lOVDD_OVSS = 50mA, 10 10 my
P IAvDD =0 <— 10mA,
tR =tF = 10ps
VIN=3.7V, SET =L, HRC =
Enable,
VavpD = 3.3V, Vovbbp = 3.3V,
VLOAD_TR HB_AVDD Vovss = -4V, -10 -- 10
lovDD-0vss = 150mA,
IAvDD =0 <— 10mA,
tR =tF = 10ps
. VIN =2.9V to 5V,
Current Limit ILIM_AVDD VAVDD = 2.8V to 3.3V -- 150 - mA
Short Circuit VIN = 2.9V to 5V, o
Protection Threshold | ¥ SCP-AYPD VAVDD = 2.8V to 3.3V o180 8 ) %
Short Circuit VIN =2.9V to 5V,
Protection Delay Time (LY SCP_AVDD VAvDD = 2.8V to 3.3V 0.85 1 1.15 ms
. VIN = 2.9V to 5V,
?i(r)nweer—Off Discharge tDISCHG_AVDD VavDD = 2.8V to 3.3V, -- -- 3 ms
AVDDEN =L
OVvDD LDO
Output Voltage Range | VovbD 2.8 -- 4.6 V
VovDD,_ 3.3V VIN = 2.9V {0 5V, 3.2835 | 3.3 | 3.3165
Default Output - no load, SET =L v
Voltage VIN = 2.9V to 5V,
VOovDD 4.6V no load, SET = H 4577 | 46 | 4.623
VIN = 2.9V to 5V,
VOovDD_ACC Vovbp = 2.8V to 4.6V, no load, TA| -0.5 -- 0.5
=25°C
Output Accuracy %
VIN =29V to 5V,
VOovDD_ACC 3T VovpD = 2.8V to 4.6V, no load, TA| -0.8 -- 0.8
=-40to 85°C
VIN = 2.9V to 5V, HRC = Enable, 150 _ _
Maximum OUtpUt VOVDD =28Vto4.1V
- IMAX_OVDD , mA
Current Capability VIN=2.9V to 5V, HRC = Disable, | o | _ B
VovbD = 2.8V to 4.6V
Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK is a registered trademark of Richtek Technology Corporation.
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Parameter Symbol Test Conditions Min | Typ | Max Unit
VIN = 2.9V to 5V, HRC = Enable,
VovpD = 2.8V to 4.1V, -- 5 10
. . lovbD = O0mA to 150mA
Line Regulation VLINE_REG_OVDD - mV
VIN = 2.9V to 5V, HRC = Disable,
VovpD = 2.8V to 4.6V, - 5 10

lovbD = OmA to 60mA
VIN = 2.9V to 5V, HRC = Enable,

VovbD = 2.8V to 4.1V, -- 5 10
) lovbD = O0mA to 150mA
Load Regulation VLOAD_REG_OVDD - mV
VIN = 2.9V to 5V, HRC = Disable,
VovpD = 2.8V to 4.6V, - 5 10

lovbD = OmA to 60mA

VIN=3.7V, SET =L,
VOUT_RIPPLE_SYM_ VavDD = 3.3V, lavDD < 10mA,

OoVDD Vovpp = 3.3V, lovbD < 30mA, - - A10
Vovss = -3.3V, lovss < 30mA
VIN = 3.7V, SET =H,

VOUT RIPPLE_ASYM_ | VAvDD = 3.3V, |avDD < 10mA, B . A10

Output Voltage Ripple | ovbb VovDD = 4.6V, lovDbD < 30mA, mV
Vovss = -2.2V, lovss < 30mA

VIN=3.7V,SET =L, HRC =
Enable,

VavDD = 3.3V, lavDD < 10mA, -- -- A10
Vovbpb = 3.3V, lovbD < 150mA,
Vovss = -4V, lovss <150mA

VIN = 2.9 to 5V, AVIN = 500mV,
tR =tF = 10us, SET =L,

VLINE_TR_SYM_ovDD | VAvDD = 3.3V, IavDD = 10mA, -5 -- 5
Vovpb = 3.3V, lovbp = 30mA,
Vovss =-3.3V, lovss = 30mA

VIN = 2.9V to 5V, AVIN = 500mV,
VLINE TR ASYM tR =tF = 10us, SET = H,

Line Transient OVDD- - - VavDD = 3.3V, lavDD = 10mA, -5 -- 5
Response VovDD = 4.6V, lovbD = 30mA,
Vovss = -2.2V, lovss = 30mA

VIN = 2.9V to 5V, AVIN = 500mV,
tR=1tF = 10us, SET =L, HRC =
Enable,

VavDD = 3.3V, lavDD = 10mA,
VovbD = 3.3V, lovbb = 150mA,
Vovss = -4V, lovss = 150mA

VOUT_RIPPLE_HB_
ovDD

mV

VLINE_TR_HB_AVDD
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Load Transient
Response

VLOAD_TR_SYM_OVDD

VIN= 3.7V, SET =L,

VavpD = 3.3V, Vovbbp = 3.3V,
Vovss =-3.3V,

IAvDD = 10mA,

lovDD-0vss = 0 <— 50mA,
tR=tF = 10ms

-10

10

VLOAD_TR_ASYM_
ovDD

VIN = 3.7V, SET =H,

VavpD =3.3V, VovbD = 4.6V,
Vovss =-2.2V,

IAvDD = 10mA,

lovDD-0vss = 0 <— 50mA,
tR=tF = 10ms

-10

10

VLOAD_TR_HB_OVDD

VIN=3.7V, SET =L, HRC =
Enable,

VavpD = 3.3V, Vovbbp = 3.3V,
Vovss = -4V,

IAvDD = 10mA,

lovDD-0vss =0 <— 150mA,
tR=tF =10ms

-10

10

mV

Current Limit

ILIM_OVDD

VIN =2.9V to 5V,
VovbD = 2.8V to 4.6V

250

mA

Short Circuit
Protection Threshold

VscpP_ovDD

VIN = 2.9V to 5V,
VovbD = 2.8V to 4.6V

75

80

85

%

Short Circuit
Protection Delay Time

tDLY_ScP_ovDD

VIN = 2.9V to 5V,
VovbD = 2.8V to 4.6V

0.85

1.15

ms

Power-Off Discharge
Time

tbiIscHG_ovbD

VIN = 2.9V to 5V,
VovbD = 2.8V to 4.6V,
SWIRE =L

ms

OVSS LDO

Output Voltage Range

Vovss

SET=L

-4.2

-0.6

SET=H

-2.4

-0.6

Default Output
Voltage

Vovss_N3.3v

VIN = 2.9V to 5V,
no load, SET =L

-3.3165

-3.2835

Vovss_N2.2v

VIN = 2.9V to 5V,
no load, SET = H

—2.222

-2.178

Output Voltage
Accuracy

VoVsSS_ACC_N3.3V

VIN=29Vto 5V, SET =L,
Vovss = -3.3V, no load,
Ta =25°C

-0.5

0.5

Vovss_ACC_3T_N3.3V

VIN=29Vto5V, SET =1L,
Vovss = -3.3V, no load,
TA =-40°C to 85°C

-0.8

0.8

VoVSS_ACC_N2.2v

VIN=2.9V to 5V, SET =H,
Vovss = -2.2V, no load,
TA=25°C

%

Maximum Output
Current Capability

IMAX_OVSS

VIN = 2.9V to 5V, HRC = Enable,
Vovss = -4V to -0.6V,

150

VIN = 2.9V to 5V, HRC = Disable,
Vovss = —4.2V to 0.6V

60

mA

Copyright © 2024 Richtek Technology Corporation. All rights reserved
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Parameter

Symbol

Test Conditions

Min

Typ

Max

Unit

Line Regulation

VLINE_REG_OVSS

VIN = 2.9V to 5V, HRC = Enable,
Vovss = -4V to -0.6V,
lovbD-0vss = OmA to 150mA

10

VIN = 2.9V to 5V, HRC = Disable,
Vovss = -4.2V to -0.6V,
lovbD-0vss = OmA to 60mA

10

mV

Load Regulation

VLOAD_REG_OVSS

VIN = 2.9V to 5V, HRC = Enable,
Vovss = -4V to -0.6V,
lovbD-0vss = OmA to 150mA

10

VIN = 2.9V to 5V, HRC = Disable,
Vovss = -4.2V to -0.6V,
lovbD-0vss = OmA to 60mA

10

mV

Output Voltage Ripple

VOUT_RIPPLE_SYM_
ovss

VIN=3.7V, SET =L,

VavDD = 3.3V, lavDD < 10mA,

VovbD = 3.3V, lovbD < 30mA,
Vovss = -3.3V, lovss < 30mA

A10

VOUT_RIPPLE_ASYM_
ovss

VIN = 3.7V, SET =H,

VavDD = 3.3V, lavDD < 10mA,

VovbD = 4.6V, lovbD < 30mA,
Vovss = -2.2V, lovss < 30mA

A10

VOUT RIPPLE_HB_
ovss

VIN=3.7V, SET =L, HRC =
Enable,

VavDD = 3.3V, lavDD < 10mA,
VovbD = 3.3V, lovbD < 150mA,
Vovss = -4V, lovss < 150mA

A10

mV

Line Transient
Response

VLINE_TR_SYM_OVSS

VIN = 2.9V to 5V, AVIN = 500mV,
tR =tF = 10us, SET =L,

VavDD = 3.3V, lavDD = 10mA,
Vovpb = 3.3V, lovbp = 30mA,
Vovss =-3.3V, lovss = 30mA

VLINE_TR_ASYM_OVSS

VIN = 2.9V to 5V, AVIN = 500mV,
tR=tF = 10us, SET = H,

VavDD = 3.3V, lavDD = 10mA,
VovbD = 4.6V, lovbb = 30mA,
Vovss = -2.2V, lovss = 30mA

VLINE_TR_HB_OVSS

VIN = 2.9V to 5V, AVIN = 500mV,
tR=tF =10ps, SET =L, HRC =
Enable,

VAvDD = 3.3V, lavDD = 10mA,
VovbD = 3.3V, lovbD = 150mA,
Vovss = -4V, lovss = 150mA

-10

10

mV

Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK is a registered trademark of Richtek Technology Corporation.
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Parameter Symbol Test Conditions Min | Typ | Max Unit
VIN=3.7V, SET =1L,
VavpD = 3.3V, Vovbbp = 3.3V,
VLOAD_TR_svM_ovss | .0V = —3-3V, -10 | -- 10
IAvDD = 10mA,
lovbD-ovss =0 <— 50mA,
tR =tF = 10ms
VIN = 3.7V, SET = H,
VavDD = 3.3V, VovbD = 4.6V,
. VLOAD_TR_ASYM Vovss = -2.2V,
Load Transient - - - ’ - -
Response oVsSs lavDD = 10mA, 10 10 mV
lovDD-0vss =0 <— 50mA,
tR=tF =10ms
VIN=3.7V, SET =L, HRC =
Enable,
VavpD = 3.3V, Vovbb = 3.3V,
VLOAD_TR_HB_0OVSS | Vovss = -4V, -10 -- 10
IAvDD = 10mA,
lovDD-0vss =0 <— 150mA,
tR=tF = 10ms
- VIN=2.9V to 5V,
Current Limit ILIM_ovss VOVSS = —4.2V to —0.6V -- 250 - mA
Short Circuit VIN = 2.9V to 5V, o
Protection Threshold | YSCP-OVSS Vovss = 4.2V to —0.6V 65 180 | & o
Short Circuit VIN = 2.9V to 5V,
Protection Delay Time IDLY_SCP_OVSS Vovss = 4.2V to -0.6V 0.85 1 1.5 ms
. VIN=2.9V to 5V,
?meer-Oﬁ Discharge tDISCHG_OVSS Vovss = —4.2V to —0.6V, - - 3 ms
SWIRE =L

Note 6. Spec. is guaranteed by design.

Copyright © 2024 Richtek Technology Corporation. All rights reserved
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13 Typical Application Circuit

RT4733

Symmetry Mode: Asymmetry Mode:

L1 L1
1uH 1uH
VIN=2.9V~5.5V VIN=2.9V~5.5V
O pun  SW1 sw2 O pun  SW1 sw2
Lla vouT La vout
:|:10uF lcs :l:lOuF L
ICZ AVIN PGND { 10uF j_cz AN PGND by 10uF
IlouF AVDD To 33v ImuF AVDD—-LTO 33v
= IlouF = I 10uF
\vfllh,:n(z\rNi(aniTazv,WNA:vouw :l’:A OoVvDD __-LTO 3.3v x:‘:s;a:/ls:govzv,wNA:vouT ::A OvbD __?LTO 4.6v
c3 L RT4733 1 10uF c3 L] RT4733 1 10uF
4.7uF 2: VON . 4.7uFT_ zi: VON "
l 10uF o _L_ I 10uF
2N azurl | oy
ovssTof. OVSSTO-.
Low ——— SET I > High/Float ———»{ SET I 22
Fast Discharge ———m»{ Fp C; Fast Discharge ——— Fp C;
10uF 10uF
0VDD, OVSS enable and — | SWIRE 0OVDD, OVSS enable and »| swire
programming by SWIRE programming by SWIRE
AVDD enable ————®AVDDEN  cpGND  AGND AVDD enable ————®| AVDDEN  cpGND  AGND
1 1 1 1
Note: C4 is only used when VON:-0.5x.
Without head room control (HRC)
Table 1. Component List of Evaluation Board
Reference Qty Part Number Description Package Manufacturer
C1, C2, C5, C6, GRM155R61A106ME11
C7, C8. C9 7 (Note 7) 10uF/10V/X5R 1.0x0.5x0.5mm muRata
C3, C4 2 GRM155R61A47SMEAA 4.7uF/M0V/X5R 1.0x0.5x0.5mm muRata
(Note 7)
L1 1 HTTP14120F-1ROMSR 1uH 1.4x1.2x0.6mm Cyntec

Note 7. If a steady-state temperature-humidity bias life test (85°C/85%RH) is required, it is recommended to use AEC-Q200
qualified capacitors or apply coatings to external components.

Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK
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14 Timing Diagram

141

14.2

SWIRE Interface 1

ViH_SwiRe > 1V

4ps < ton_swiRe < 20ps 4US <torr_swiRe < 20{s

» <

ViL_swiRE < 0.4V

SWIRE Interface 2

 IWAIT_INT_SWIRE > 300U

90%

10%

tF_swire < 200ns

<

tR_swire < 200ns

torr_swire < 150ps

»

[

Copyright © 2024 Richtek Technology Corporation. All rights reserved

SWIRE
Pulse =1 Pulse =12
Enable OVDD/OVSS Change OVSS to -4V
Fast Discharge
When AVDDEN = H 3.3V
twAIT_INT_ovDDEN 300ps
OVDD oV <
<3ms
ov
OVSS '3.3V _4V
RICHTEK
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RT4733

14.3 Power-On/Off Sequence: AVDDEN = On - SWIRE = On - SWIRE = Off > AVDDEN = Off

VIN off time
>1.6ms

VIN _// VuvLo R

torr_AvDDEN < 150us

—>
AVDDEN tsTOP_SWIRE toFF_SWIRE
<100ps <150us
— <2ms « < 6ms »> —» — —> i
SWIRE HH H‘
Pulse =12
< 840us 4.25V
'y e 3.55V
VOUT
ov :
— >3ms i
3.3V 3.3V
AVDD
ov
i< 3m$¢—
3.3V 3.3V :
OVDD oV Discharge time
<3ms
ov
-3.45V
VON -4.15V 3
—  >3msie
ov
-3.3V
OVSSs ' v s
—» i e —>< Imsie— < 3m5§<—
450ps 300us T '
Discharge time
Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK
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14.4 Reset by AVDDEN and SWIRE

The behavior of AVDDEN = L <150us \when AVDDEN and SWIRE = L for
—>lms+ cannot cause the IC to reset. e more than 150ys, the IC is reset.
AVDDEN
The behavior of SWIRE =L
cannot cause the IC to reset.
SWIRE
4.25V <840us ——==
ER « <6ms » 1355V |
VOouT ! |
ov I I
< 800us I I
— >3mSs i+ ; I I
3.3V e l 3.3V }
f | |
| |
AVDD ov 3 ! !
Amce —»  <2ms I }
33v | ~™<3ms* | 33V |
| |
OvVDD T - ov ; } }
- 1 ! !
< Imge [ [
ov - 1 1
| |
VON ‘ | -3.45V
-4.15V ‘ 5 , ~
—><1.5msie | |
—> >3ms i+ ‘ ‘ | |
: ov | |
| |
i | [
| 3.3V
ovss av ‘ ‘
—»i< 3msj« —> e —> %j<1ms“ /
Discharge time 450ps 300us When restarting, the

IC returns to the

Ex: After OVDD triggers SCP for initial state.

1ms, the IC shuts down.

Table 2. Reset Mechanism Table

Protection Reset to Default
OVDD, OVSS Voltage SWIRE & AVDDEN both keep low > 150us
AVDD Voltage SWIRE & AVDDEN both keep low > 150us
FD Setting SWIRE & AVDDEN both keep low > 20ms
SCP_OVDD, OVSS Latch SWIRE & AVDDEN both keep low > 150us
SCP3_AVDD Latch SWIRE & AVDDEN both keep low > 150us

Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK is a registered trademark of Richtek Technology Corporation.
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145 Fast Discharge 2: AVDDEN = SWIRE =L > 20ms
14.5.1 Enable Fast Discharge Function by SWRIE =1 & 3 or FD Pin =H
<150us 20ms
—> (When both AVDDEN & SWIRE are low for more than 20ms, the FD setting is reset)
AVDDEN ) 20ms R !
< 150ps
—> i
« 20ms »
SWIRE
4.2V
VOUT
ov
Discharge R Hi-Z -
3.3V ~ g
AVDD ov
Discharge - Hi-Z -
3.3V ) " "
OVDD ov
Discharge | Hi-Z -
ov
VON -4.15V
Discharge Hi-Z >
ov
ovsSs av
Discharge - Hi-Z -
Table 3. Discharge Table for FD Pin =1
FDpin=1
AVDD_EN SWIRE AVDD OovDD OVSsS VOUT VON
0 0 FD with 20ms | FD with 20ms | FD with 20ms | FD with 20ms | FD with 20ms
0 1 FD with 20ms -- -- -- --
1 0 -- FD with 20ms | FD with 20ms -- FD with 20ms
1 1 -- -- -- -- --
Table 4. Discharge Table for FD Pin =0
FD pin=0
AVDD_EN SWIRE AVDD OovDD OVSsS VOUT VON
0 0 Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
0 1 Hi-Z -- -- -- --
1 0 -- Hi-Z Hi-Z -- Hi-Z
1 1 -- -- -- -- --
RICHTEK
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Table 5. Protection Table

_ ) Latch (O)
Channel Protection|  Function Enable Criteria Behavior Recovery
Name (Note 8) Non Latch
(4)
VIN > POR VIN < VIN_UVLO_F VIN > VIN_UVLO_R
uvLo (1.6V, typical) A 2.2V, typical) IC shuts down (2.35V, typical)
IC UVLO & AVDDEN = IC junction Temperature < 125°C
OTP H or UVLO & SWIRE A temperature > 140°C | IC shuts down .p
. (typical)
=H (typical)
UVLO & AVDDEN = Normal operation: Peak value of lsw <
OCP  |H or UVLO & SWIRE A lswi2> 1.75A (typical) | Cycle-by-cycle ocp sw
=H current limit
VoUT Condition 1.
Buck-Boost henall |VIN <VIN_UVLO_F
SCP_80 After soft-start 0 VOUT < 80% Count 1ms then a _ _
completes channels shut down| condition 2.
Reset Mechanism
lavDbp > 75mA (typical)
UVLO & AVDDEN softstart period Normal i
= ormal operation: -
<
OCP H A |AVD.D > 150mA Current limit Iavop < Current Limit
(typical) after soft-start
AVDD LDO completes
Condition 1.
- VIN < VIN_UVLO_F
SCP_80 After soft-start o AVDD < 80% Count 1ms then all _ _
completes channels shut down| condition 2.
Reset Mechanism
lovpp > 125mA
(typical) soft-start
eriod ion:
OCP |UVLO&SWIRE=H| A [ Normal operation: |, "~ cirrent Limit
lovbp > 250mA Current limit
oVDD (typical) after soft-start
LDO completes
Condition 1.
- VIN <VIN_UVLO_F
SCP_80 After soft-start o OVDD < 80% Count 1ms then all _ _
completes channels shut down| condition 2.
Reset Mechanism
lovss > 125mA
(typical) soft-start
period ion: o
OCP |UVLO&SWIRE=H| A Normal operation: |, . < Current Limit
lovss > 250mA Current limit
(typical) after soft-start
OVSSLDO completes
Condition 1.
A . 1ms then all | VIN < VIN_UVLO_F
SCP_80 fter soft-start o OVSS < 80% Count 1ms then a
completes channels shut down| condition 2.
Reset Mechanism

Note 8. Function Disable: VIN < UVLO_F and AVDDEN =L or VIN < UVLO_F and SWIRE =L

Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK
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Table 6. Selection Table with SWIRE Pulse

Pulse Function Description
0 OVDD = 3.3V, OVSS = -3.3V, AVDD = 3.3V(SET = L).
OVDD =4.6V, OVSS = -2.2V, AVDD = 3.3V(SET = H).
1 Fast discharge function on (for OVDD, VON, and OVSS).
2 Fast discharge function off (for OVDD, VON, and OVSS).
3 Fast discharge function on (for AVDD).
4 Fast discharge function off (for AVDD).
5 Force fast discharge on (AVDDEN = SWIRE =L).
6 OVDD = 2.8V, OVSS =-2.8V, AVDD = 2.8V.
7 Enable bypass detection of buck-boost (default).
8 Disable bypass mode, then into switching mode.
9 Reserved.
10-46 |SET=L, the OVSS voltage range is ~4.2V to -0.6V.
SET = H or floating, the OVSS voltage range is -2.4V to -0.6V.
50~55 | AVDD setting, 2.8V to 3.3V.
60~78 | OVDD setting, 2.8V to 4.6V.
80 OVSS DAC code step time is 25us (default).
81 OVSS DAC code step time is 200pus.
82 Enable HRC (default).
83 Disable HRC.
84 OVDD turn on (SWIRE = H).
85 VON/OVSS turn on (SWIRE = H).
86 OVDD turn off.
87 VON/OVSS turn off.
88 Exit AOD without soft-start.
89 Reserved.
90 VON: Reference voltage changes at load: 60mA (default).
91 VON: Reference voltage changes at load: 30mA  (Note 9).
92 VON-OVSS head room = 0.2V.
93 VON-OVSS head room = 0.15V (default).
94 Force buck-boost always in bypass mode.
95 VON: The minimum frequency is 25kHz.
96 VON: The minimum frequency is 75kHz.
97 VON: The minimum frequency is 150kHz (default)  (Note 9).

Note 9. When SET =L, OVDD - |OVSS| > 0.1V or AVDD - |OVSS| > 0.1V. It requires the use of pulse 91 and pulse 97.
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Table 7. VOUT Setting with SWIRE Pulse (SET = L)

Copyright © 2024 Richtek Technology Corporation. All rights reserved

Pulse V (OVSS) Pulse V (OVSS) Pulse V (AVDD) Pulse V (OVDD)
10 -4.2 30 -2.2 50 3.3 60 4.6
11 -4.1 31 -2.1 51 3.2 61 4.5
12 -4.0 32 -2.0 52 3.1 62 4.4
13 -3.9 33 -1.9 53 3.0 63 4.3
14 -3.8 34 -1.8 54 2.9 64 4.2
15 -3.7 35 -1.7 55 2.8 65 4.1
16 -3.6 36 -1.6 56 Reserved 66 4.0
17 -3.5 37 -15 57 Reserved 67 3.9
18 -3.4 38 -1.4 58 Reserved 68 3.8
19 -3.3 39 -1.3 59 Reserved 69 3.7
20 -3.2 40 -1.2 70 3.6
21 -3.1 41 -1.1 71 35
22 -3.0 42 -1.0 72 3.4
23 -2.9 43 -0.9 73 3.3
24 -2.8 44 -0.8 74 3.2
25 2.7 45 -0.7 75 3.1
26 -2.6 46 -0.6 76 3.0
27 -2.5 47 Reserved 77 2.9
28 -2.4 48 Reserved 78 2.8
29 -2.3 49 Reserved 79 Reserved

Table 8. VOUT Setting with SWIRE Pulse (SET = H)

Pulse V (OVSS) Pulse V (OVSS) Pulse V (AVDD) Pulse V (OVDD)
10 -2.4 30 -2.2 50 3.3 60 4.6
11 -2.4 31 -2.1 51 3.2 61 4.5
12 -2.4 32 -2.0 52 3.1 62 4.4
13 -2.4 33 -1.9 53 3.0 63 4.3
14 -2.4 34 -1.8 54 2.9 64 4.2
15 -2.4 35 -1.7 55 2.8 65 4.1
16 -2.4 36 -1.6 56 Reserved 66 4.0
17 -2.4 37 -15 57 Reserved 67 3.9
18 -2.4 38 -1.4 58 Reserved 68 3.8
19 -2.4 39 -1.3 59 Reserved 69 3.7
20 -2.4 40 -1.2 70 3.6
21 2.4 41 -1.1 71 3.5
22 -2.4 42 -1.0 72 3.4
23 -2.4 43 -0.9 73 3.3
24 -2.4 44 -0.8 74 3.2
25 -2.4 45 -0.7 75 3.1
26 -2.4 46 -0.6 76 3.0
27 -2.4 47 Reserved 77 2.9
28 -2.4 48 Reserved 78 2.8
29 -2.3 49 Reserved 79 Reserved

RICHTEK
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VON: ~1x (SET = L)

VOUT = Max (AVDD + 0.2V, OVDD + 0.2V, |[VON]| + 0.1V); VON = |OVSS| + 0.15V (pulse 93) or |OVSS| + 0.2V
(pulse 92)

VON: —0.5x (SET = H)

VOUT = Max (AVDD + 0.2V, OVDD + 0.2V, (]JVON|+0.1V) x 2); VON = |OVSS| + 0.15V(pulse 93) or |OVSS| + 0.2V
(pulse 92)

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

Shutdown Current vs. Input Woltage

IDLE Current vs. Input Voltage

0.10
0.45 0.09
0.40 0.08
0.35 . 007
< o030 £ 006 —
g 0% T —] g 005
5 020 5 0.04
O O
0.15 0.03
0.10 0.02
0.05 0.01
SWIRE = L, AVDDEN =L AVDD = 3.3V, SWIRE = L, AVDDEN = H
0.00 0.00
25 3 35 4 45 5 55 2.5 3 35 4 45 5 55
VIN (V) Input Voltage (V)
Normal Current vs. Input Voltage OVDD, OVSS Efficiency
0.50 100
0.45 95
0.40
90
0.35 — — 1
< S es %
£ 030 > —
~ (8]
£ 025 1 & 80 [-Vy=29V \
Q © Vi = 3.2V
5 020 NCP = 150kHZ £ g5 Luiaoy —
O NCP = 25kHz w N7 =
0.15 E o L Un=42v
0.10 Vin= BV
0.05 OVDD =3 3V, OVSS = -3.3V, AVDD = 3.3V | 65 OVDD = 3.3V, OVSS = 3.3V,
SWIRE = H, AVDDEN = H IOVDD-OVSS = 0 to 150mA
0.00 ; ; ; ; - 60 ' ' '
25 3 35 4 45 5 5.5 0 25 50 75 100 125 150
Input Voltage (V) IOVDD-0OVSS (mA)
AVDD Efficiency vs.Load Current OVDD, OVSS Efficiency
100 100 | I
IAVDD = 1mA
95 95 IAVDD = 10mA |
IAVDD = 20mA
S _ 1" IAVDD = 30mA |
< 85 — S 85 Ao/ P — —
) Vi = 2.9V > ] —]
& g0 Viy = 3.2V S 8o
2 Viy= 3.7V ‘© //\\/ VA/\/\
= Y
W 75 Vin = 4.2V — 75 —
Vin= 5V —
70 70
65 65
60 AVDD = 3.3V, IAVDD = 0 to 30mA " Vin = 2.9V to 5V, AVDD = 3.3V
0 5 10 15 20 25 30 29 32 35 38 41 44 47 50
IAVDD (mA) VIN (V)
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AVDD Efficiency vs. Input Voltage

OVDD Load Regulation

100
95 k\\‘\ 3.314
90 3.309
~ Y 2
§ 85 ::ﬁﬁ ; E\= T ——
= V AN S 3.304 Vin= 2.9V
3 80 IAVDD = 1mA  — a ViN=3.2V
2 IAVDD = 10mA o 3299 Vin= 3.7V —
=75 IAVDD = 20mA —] 3 Vi = 4.2V
IAVDD = 30mA 3.294 ViN= 5V —
70
65 3.289 I
Viy= 2.9V to 5V, AVDD = 3.3V OVDD = 3.3V, IOVDD-OVSS = 0 to 150mA
60 1 1 1 1 3.284 | | | |
29 32 35 38 41 44 47 50 0 25 50 75 100 125 150
Input Voltage (V) IOVDD-OVSS (mA)
OVSS Load Regulation AVDD Load Regulation
-3.287 3.314
Vi = 2.9V
-3.292 V=32V ] 3.309
Viy=3.7V
< -3.297 Viy =42V ] < 3304
] VN = 5V a
. ——————— —]
D 3302 p=== g 3.299 V= 29V
o < Vi = 3.2V
-3.307 3.294 Vin=3.7V ]
Vin= 4.2V
-3.312 3.289 V= 5V —
OVSS =-3.3V, IOVDD-OVSS = 0to 150mA AVDD = 3.3V, Load =0 t(.) 30mA
-3.317 L L L L 3.284 L : !
0 25 50 75 100 125 150 0 5 10 15 20 25 30
IOVDD-OVSS(mA) IAVDD (mA)
OVDD Line Regulation OVSS Line Regulation
3.314 -3.287
3.309 3292 |_IOVDD-OVSS=1mA
IOVDD-OVSS = 30mA
— IOVDD-OVSS = 50mA
S 3.304 < -3.297 1 —I0VDD-OVSS= 100mA
< IOVDD-OVSS = 1mA < IOVDD-OVSS = 150mA
Q IOVDD-OVSS = 30mA a
Q 3299 10vDD-OVSS = 50mA g -3.302
) IOVDD-OVSS= 100mA e}
3294 |—IOVDD-OVSS = 150mA 3.307
3.289 i -3.312
Vin=2.9V10 5V, OVDD = 3.3V Vjy = 2.9V to 5V, OVSS = 3.3V
3.284 L . . : -3.317 . . - .
29 32 35 38 41 44 47 50 29 32 35 38 41 44 47 50
Input Voltage (V) Input Voltage (V)
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AVDD Line Regulation

VOUT Load Regulation (Head Room Control)

41 ; ; . ; ;
3314 V)N =5V, Vout = 3.55V, IOVDD - OVSS =0 to 150mA
40
3.309
__ 39
S 3.304 E'
8 3299 |—— 3 3°
S IAVDD = 1mA 8
< IAVDD = 10mA 37
3294 |——IAVDD = 20mA ' L
IAVDD = 30mA h /Enable HRC
3.289 36 Disable HRC
Viy= 2.9 to 5V, AVDD = 3.3V
3.284 ! ! ! 35
29 32 35 38 41 44 47 50 0 25 50 75 100 125 150
Input Voltage (V) IOVDD - OVSS (mA)
VOUT Line Regulation OVDD Current Capability
3.76 168
3.74 150
3.72 E 1uH
= 132
__ 370 2
e 3.68 £ 14
= 8
2 ©
O 3.66 O o6
> -
[
3.64 o
Bypass Enable 5 78
3.62 Bypass Disable )
4_-‘-'-‘ 1 1
3.60 ! ' 60
Vin =29 to 5V, Vour = 355V, hoyt =O0mA OVSS = -3.3V
3.58 42 . .
29 32 35 38 41 44 47 50 32 34 36 38 4 42 44 46
Input Voltage (V) OVDD Setting (V)
OVSS Current Capability Power On |
168
150 | Vin=3.7V,0VDD = 3.3V,
- 1uH SWIRE” OVSS =-3.3V,AVDDEN = H,
T 1 (Y[ ) — SWIRE =L to H
> /
= 114 OovDD OVDD/
g (2V/Div)
S o6 ovss ovss
£ (2V/Div)
g 78
]
o |
60 IN .
OVDD =33V (100mA/Div)
42 I 1,00 ms 00 500, 100 ms 150 ms 200ms. 250 ms 0 ms 3501 400
32 34 36 38 4 42 _ _
|OVSS| Setting (V) Time (500us/Div)
RICHTEK
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Power Off |
VN =3.7V,0VDD = 3.3V,

Power On Il

10.0v

SWIRE | OVSS = 73:3v, AVDDEN = H, R VN =37V, AVDD = 3.3V, =
(2V/Div) SWIRE =H to L, Enable FD AVDDEN SWIRE = L. AVDDEN =L to H
¢ (2V/Div) g
OVDD
(2V/Div) w
— = AVDD / "
oVSS OVSS (2viDv)
(2V/Div)
N N
(100mA/Div) (100mA/Div) soov
Time (500us/Div) Time (500us/Div)
Power Off Il OVvDD TDMA
ViN=3.7V,AVDD=3.3V,SWRE = L, s
AVDDEN » AVDDEN = Hto L, Enable FD :w. VIN 410¥
. »
(2v/Div) d «  (200mV/Div)
400 o L] e ] R
AVDD ‘
(2V/Div) K 2000
) ovDD
I Y (10mV/Div) M Y i o
(100mA/Div) VIN=3.7V104.2V, OVDD = 3.3V, =
OVSS=-3.3V,I0VDD - OVSS =30mA
Time (500us/Div) Time (2ms/Div)
OVvDD TDMA OVSS TDMA
- F + k - ™
VIN & VIN
(200mV/Div) v (200mV/Div)
—_ o - = [Pupe e = e == b
OvDD " b | | v ovss S NI e
(10mV/Div) e ' ! T (10mV/Div) ‘
ViN=3.7Vt04.2V, OVDD = 3.3V, V|N=3.7Vt04.2V, OVDD = 3.3V, =
OVSS =-3.3V, [OVDD-OVSS = 150mA , . OVSS =-3.3V,I0VDD - OVSS =30mA
Time (2ms/Div) Time (2ms/Div)
RICHTEK
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OVSS TDMA AVDD TDMA
— [ [ i -
r Ly r r |-
W VN o
(200mV/Div) (200mV/Div)
— - - - - — — - — —
OVSS A P v ST SN R s 19 V\?,E,; e ~ pilain il W 2w
(10mV/Div) (10mV/biv)
ViN=3.7Vto4.2V, OVDD = 3.3V, 20w
) OVSS =-3.3V, I0VDD - OVSS = 150mA . ViN=3.7Vto4.2V, AVDD= 3.3V, layvpp = 10mA .
Time (2ms/Div) Time (2ms/Div)
AVDD TDMA OVDD Load Transient
e ' V)y = 3.7V, OVDD = 3.3V, OVSS = -3.3V,
w0y trtg = 10ms, IOVDD - OVSS =0 to 150mA
VIN 7 ovDD " —
(200mV/D|V) 390V (10mV/D|V) memsssissrmaerensoomstos W v
L] = o —— | oy
AVDD i P i a0y I0VDD-
(10mV/Div) oVSsS
s (50MA/DIV)
Vin=3.7V104.2V, AVDD= 3.3V, laypp = 30mA . X
Time (2ms/Div) Time (10ms/Div)
OVSS Load Transient AVDD Load Transient
Vy=3.7V, OVDD = 3.3V, OVSS = -3.3V, V\ = 3.7V, AVDD = 3.3V,
trte = 10ms, IOVDD - OVSS = 0 to 150mA . trte = 10, nypp = 0 to 10MA
OVSSs AVDD
(10mV/Div) Wﬂ*mw 320 (10mV/Div) - -
10VDD- o |AvDD
ovss ~ (5mA/DIv)
(50mA/Div) o
Time (10ms/Div) Time (5ms/Div)
RICHTEK
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16 Operation

The RT4733 is a highly integrated power solution featuring a buck-boost converter and an inverting charge pump to
generate negative output voltage. The output voltages can be adjusted via the SWIRE interface protocol. The OVDD
voltage range is from 2.8V to 4.6V, adjustable in 100mV steps. The OVSS voltage ranges from —0.6V to —4.2V, also
adjustable in 100mV steps. The AVDD positive output voltage ranges from 2.8V to 3.3V, adjustable in 100mV steps.
With an input voltage range of 2.9V to 5.5V, the RT4733 is optimized for products powered by single-cell batteries
and can supply symmetrical output currents up to 150mA. The RT4733 provides Over-Temperature Protection (OTP)
and Short Circuit Protection (SCP) mechanisms to prevent the device from being damaged during abnormal
operations. When the SWIRE and AVDDEN voltages are logic low, the IC will shut down with a low input supply
current of less than 1pA.
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17 Application Information
(Note 10)

The RT4733 is a highly integrated power solution featuring a buck-boost converter and an inverting charge pump to
generate both positive and negative output voltages for AMOLED bias. The buck-boost DC-DC converter can operate
with a wide input voltage range from 2.9V to 5.5V. The converter feedback loop is internally compensated for both
Buck and Boost operations, providing seamless transition between buck and boost modes.

17.1  Undervoltage-Lockout (UVLO)

In addition to the AVDDEN and SWIRE pins, the RT4733 also provides enable control through the VIN pin. If
AVDDEN and SWIRE rise above VIH first, switching will still be inhibited until the VIN voltage rises above the UVLO
rising threshold (UVLO_R). This ensures that the internal regulator is ready, preventing operation with not-fully-
enhanced internal MOSFET switches. If the VIN voltage falls below the UVLO falling threshold (UVLO_F), switching
will be inhibited; if the VIN voltage rises above the UVLO rising threshold (UVLO_R), the device will resume switching.

17.2 Soft-Start Function

The RT4733 employs an internal soft-start function to avoid excessive inrush current during startup.

17.3 Fast Discharge Function

The OVDD, OVSS, and AVDD use an embedded discharge function to rapidly discharge the remaining output voltage
to OV, preventing phenomena such as residual images on the display during shutdown.

17.4  Over-Temperature Protection (OTP)

The RT4733 includes an Over-Temperature Protection (OTP) feature to prevent excessive power dissipation and
overheating of the device. The OTP will shut down switching operation when the junction temperature exceeds 140°C,
Once the junction temperature cools down by approximately 15°C, the converter resumes operation.

To maintain continuous operation, prevent the maximum junction temperature from rising above 125°C.

17.5 Overcurrent Protection (OCP)

The OCP function is implemented by UGATE and LGATE. When the inductor current reaches the UGATE current-
limit threshold, the high-side MOSFET will turn off. The low-side MOSFET then turns on to discharge the inductor
current until it falls below the LGATE current-limit threshold. After the UGATE current limit is triggered, the maximum
inductor current is determined by the inductor current’s rising rate and the response delay time of the internal network.

17.6  Short Circuit Protection (SCP)

The RT4733 has an advanced short circuit protection mechanism to prevent damage to the device from unexpected
applications. When the output becomes shorted to ground for over 1ms, the device enters shutdown mode. After a
reset, the OVDD and OVSS can restart normal operation by triggering the SWIRE pin. The AVDD can only re-start
after triggering the AVDDEN pin.

17.7 Input Capacitor Selection

For each channel, input ceramic capacitors with 10uF capacitance are suggested. However, to achieve the best
performance with the RT4733, larger capacitance values can be used. For better voltage filtering, select ceramic
capacitors with low ESR. X5R and X7R types are suitable because of their performance over wider voltage and
temperature ranges.
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17.8 Inductor Selection

Inductor value selection will affect transient response, ripple, and other performance metrics. The nominal inductance
value of the RT4733 is recommended to be 1uH to achieve optimal performance.

The inductor value and operating frequency determine the ripple current based on specific input and output voltages.
The ripple current AlL increases with higher VIN and decreases with higher inductance.

Vv Vv
Al = ( ouT ) X (1_ OUT)
fswxL ViN
Having a lower ripple current reduces not only the ESR losses in the output capacitors but also the output voltage

ripple. High frequency with small ripple current can achieve the highest efficiency operation. However, it requires a
large inductor to achieve this goal.

For the ripple current selection, a reasonable starting point is to set AlL to 30% of Imax. The largest ripple current
occurs at the highest VIN. To guarantee that the ripple current stays below the specified maximum, the inductor value
should be chosen according to the following equation:

V V
L=< ouT >X<1— ouT )
fSWXAIL(MAX) VIN(MAX)
The inductor's current rating (causing a 40°C temperature rise from a 25°C ambient) should be greater than the
maximum load current, and its saturation current should be greater than the short circuit peak current limit.

17.9 Buck-Boost Converter Output Capacitor Selection

The ripple voltage is an important criterion for choosing an output capacitor. This portion consists of two parts. One
is the product of the ripple current and the ESR of the output capacitor, while the other part is formed by the charging
and discharging process of the output capacitor. The output capacitor is selected according to the output ripple, which
is calculated using the equation below.

AVouyt = AVEesr + AVouTteae

AVEsr = ICRMSXRCESR
lOUT X DUty
AVouTee = fswXCuin

17.10 Thermal Considerations

The junction temperature should never exceed the absolute maximum junction temperature TJMAX), listed under
Absolute Maximum Ratings, to avoid permanent damage to the device. The maximum allowable power dissipation
depends on the thermal resistance of the IC package, the PCB layout, the rate of surrounding airflow, and the
difference between the junction and ambient temperatures. The maximum power dissipation can be calculated using
the following formula:

Popiax) = (TamAx) — TA) / 63A

where TJMAX) is the maximum junction temperature, Ta is the ambient temperature, and 6Ja is the junction-to-
ambient thermal resistance.

For continuous operation, the maximum operating junction temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal resistance, 6Ja, is highly package dependent. For a WL-CSP-
21B 1.31x2.91 (BSC) package, the thermal resistance, 6Ja, is 33.4°C/W on a standard JEDEC 51-7 high effective-
thermal-conductivity four-layer test board. The maximum power dissipation at TA = 25°C can be calculated as follows:
Pbmax) = (125°C — 25°C) / (33.4°C/W) = 2.99W for a WL-CSP-21B 1.31x2.91 (BSC) package.
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The maximum power dissipation depends on the operating ambient temperature for the fixed TJmmax) and the thermal

resistance, 8JA. The derating curve in Figure 1 allows the designer to see the effect of rising ambient temperature on
the maximum power dissipation.

4.0

Four-Layer PCB
35

3.0

25

2.0

15

10

05

Maximum Power Dissipation (W)

0.0

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

Figure 1. Derating Curve of Maximum Power Dissipation

17.11 Layout Considerations

For the best performance of the RT4733, the following PCB layout guidelines should be strictly followed:

e The input bypass capacitor should be placed as close to the IC as possible and connected to the ground plane of
the PCB.

e The output bypass capacitor should be placed as close to the IC as possible and connected to the ground plane
of the PCB.

¢ Minimize the size of the SW1 and SW 2 nodes and keep the traces wide and short. Care should be taken to avoid
running traces that carry any noise-sensitive signals near SW or high-current traces.

e The inductor should be placed as close to the SW 1 and SW 2 pins to reduce EMI.

¢ The flying capacitor should be placed as close to the C1P/C2N pin as possible to avoid noise injection.

e Connect AGND, PGND, and CPGND in the top layer.
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Minimize the size of the SW1 and SW2 and keep the traces
wide and short. Care should be taken to avoid running traces
that carry any noise-sensitive signals near SW1 and SW2.

| The input bypass capacitor
should be placed as close the
PV'” IC as possible and connected
The inductor should be . AV.N to the ground plane of the PCB.
placed as close to SW1 and 112 ©® : AVDD\
OVDD\

SW?2 pin for reducing EMI.

H
“
9]
c
3

The flying capacitor should OVSS,\ The output bypass capacitor
be placed as close to_ ] should be placed as close the
C1P/C2N pin as possible to VON

IC as possible and connected

avoid noise injection. to the ground plane of the PCB.

Connect AGND, PGND, and CPGND in the top layer.
Figure 2. PCB Layout Guide-VON: —1x

Minimize the size of the SW1 and SW2 and keep the traces
wide and short. Care should be taken to avoid running traces
that carry any noise-sensitive signals near SW1 and SW2.

The input bypass capacitor
should be placed as close the
IC as possible and connected

The inductor should be to the ground plane of the PCB.

placed as close to SW1 and —
SW?2 pin for reducing EMI.

The flying capacitor should
be placed as close to The output bypass capacitor

C1P/C1N,C2P/C2N pin as should be placed as close the
possible to avoid noise IC as possible and connected

injection. to the ground plane of the PCB.

Connect AGND, PGND, and CPGND in the top layer.
Figure 3. PCB Layout Guide-VON: —0.5x

Note 10. The information provided in this section is for reference only. The customer is solely responsible for designing, validating,
and testing any applications incorporating Richtek’s product(s). The customer is also responsible for applicable
standards and any safety, security, or other requirements.
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18 Outline Dimension

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 2.870 2.950 0.113 0.116
D1 2.400 0.094
E 1.270 1.350 0.050 0.053
El 0.800 0.031
e 0.400 0.016

21B WL-CSP 1.31x2.91 Package (BSC)
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19 Footprint Information
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NSMD SMD
A
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Number of Footprint Dimension (mm)
Package ) Type Tolerance
Pin e A B
NSMD 0.240 0.340
WL-CSP1.31x2.91-21(BSC) 21 0.400 +0.025
SMD 0.270 0.240
RICHTEK

is a registered trademark of Richtek Technology Corporation.

DS4733-03

December

2024

www.richtek.com
35



RT4733

RICHTEK

20 Packing Information

20.1 Tape and Reel Data
et P —me] PIN 1 / \
i \ / B
— — - - i | 'r > S8 “ | |
/ olo olo o o\0o Of | LA -
I\ - 5 = III I'. *, ra .'I
) ‘ ‘H . ‘ o\ i
Il ;l \ /
,lI /i 1 e
_ S
Feed Direction > W
arrier Tape
END Round Sprocket Holes START
Fedd00 00920 0d 0000 IPosoFEod
o r r
b ni iy
: - —+ e e 4
L,L,u I_J._w I_l__l L—L_.l .L Lr.L..a LLJ
Trailer Leader
~—160 mm minimum, ——==—Components —=~=——600 mm Minimum, —
Tape Size Pocket Pitch Reel SiZe (A) Units Trailer Leader Reel Width (W2)
Package Type
P waymm) | @ymm) [T | perReel | (M) | (M) | MinMax (mim)
WL-CSP
1.31%2.91 8 4 180 7 3,000 160 600 8.4/9.9
F P H
g C, D, and K are determined by component size.
R R R AR R R R R
{ The clearance between the components and
Wi T -~ ~ ~ ~ the cavity is as follows:
c o U 9 o O
‘ - For 8mm carrier tape: 0.5mm max.
P | |
5 3
W1 P B F aJ K H
Tape Size
Max Min 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 |0.65mm|0.85mm| 0.6mm
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20.2 Tape and Reel Packing
Step Photo/Description Step Photo/Description
% PR o,
% & -1
AVER DA
1 4 !i i
i .
Reel 77 12 inner boxes per outer box
2 5
Packing by Anti-Static Bag Outer box Carton A
EE Y -
i
ARA N
3 a‘s‘. ﬁl‘ * * 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 13,000
1.31x2.91 Box E 1 3,000 For Combined or Partial Reel.
Copyright © 2024 Richtek Technology Corporation. All rights reserved RICHTEK is a registered trademark of Richtek Technology Corporation.
DS4733-03 December 2024

www.richtek.com
37




RT4733 RICHTEK

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 15! Street, Chupe:i 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

01

2023/12/1 Modify

Features on P1

Simplified Application Circuit on P1

Electrical Characteristics on P4, P5, P6, P9, P11
Time Diagram on P14, P15, P16, P17, P18, P20
Application Information on P26, P28, P29

02

2023/9/27 Modify

Features on P1

Ordering Information on P2

Electrical Characteristics on P5, P6
Typical Application Circuit on P12

Time Diagram on P13, P14, P15, P16, P18
Application Information on P26, P27, P28

03

2024/12/18 | Modify

Changed the names of pin A1 to SW1 and pin A2 to SW2.

General Description on page 1

- Added temperature description

Ordering Information on page 2

- Updated ordering information and added note
Application Information on page 33

- Updated declaration

Packing Information on page 36, 37

- Updated packing information
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