MAX20330

General Description

The MAX20330 is an overvoltage controller with the VBUS
impedance detection function. The device drives an exter-
nal low RoN path for the device that requires a flexible
and adjustable OVLO threshold. The VBUS impedance
detection can detect the soft short on VBUS and warn the
user about the potential connector overheating.

The MAX20330 is designed to drive a single or dual back-
to-back external N-channel MOSFET with a low Ron
(10mQ max). An external TVS can be used to protect the
device from a high energy surge if necessary.

The device is available in an 8-bump (0.35mm pitch,
1.77mm x 1.03mm) wafer-level package (WLP) and oper-
ate over the -40°C to +85°C extended temperature range.

Applications

Smart Phones
Tablets
Phablets
Desktops

19-100269; Rev 2; 7/19

Programmable OVP Controller with
VBUS Short Detection

Benefits and Features

e Protects High-Power Portable Devices
* Wide Operating Input Voltage Protection Range:
2.7V to 36V
+ Ultra-Fast Turn-Off Time: 100nsec
* Built-In Charge Pump to Drive External N-MOSFET

e Flexible Overvoltage Protection Design
+ 12C Adjustable Overvoltage Protection Trip Level
» Wide Adjustable OVLO Threshold Range from 4V
to 24V (168 steps)
* Preset Internal Accurate OVLO Thresholds:
6.8V+2%

e Additional Protection Features Increase System
Reliability
» VBUS Short Detection
» Soft-Start to Minimize In-Rush Current
 Internal 15ms Startup Debounce
* Thermal Shutdown Protection

e Space-Saving
e 8 Bump 0.35mm Pitch 1.77mm x 1.03mm WLP

Ordering Information appears at end of data sheet.
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MAX20330 Programmable OVP Controller with
VBUS Short Detection

Absolute Maximum Ratings

(All voltages referenced to GND.) Continuous Power Dissipation (Ta = +70°C)

VBUS to GND (Note 1) ...ooiieiieiieieeiceeeceee -0.3V to +40V WLP (derate 10.9mW/°C above +70°C)

GATEt0o GND......vvveeeieee -0.3V to min (VBUS + 0.3V, 40V) Operating Temperature Range.................... .

OUT to GND.....ooveviriiiciie, -0.3V to min (GATE + 0.3V, 40V) Junction Temperature...........c.ccccoeiiiiiiiiiiic e
GATE t0 OUT it -0.3V to +6V Storage Temperature Range...........ccccccvvveenes

SDA, SCL, INT, V¢ to GND ...-0.3V to +6V Soldering Temperature (reflow)..........cccccoovveveveveveveeennne,
Continuous Current into all PiNS........ccocveeiiiiee e +0.1A

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 for extended periods may affect
device reliability.

Note 1: The external TVS clamp voltage should be below the abs max of MAX20330.

Package Information

PACKAGE TYPE: 8 WLP

Package Code W81B1+1

Outline Number 21-100229

Land Pattern Number Refer to Application Note 1891
THERMAL RESISTANCE, FOUR-LAYER BOARD

Junction to Ambient (64) | 91.72°C/W

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”,
“#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing per-
tains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board. For
detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

Electrical Characteristics

(VBus =2.7V to 36V, Vo = 2.6V to 5.5V, Tp = -40°C to +85°C, unless otherwise noted. Typical values are at Vgg = 3.3V, Ta = +25°C)
(Note 2)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS

VBUS

VBUS Startup Voltage VBUS ST 2.7 2.75 \Y

VBUS Supply Current lvBUS Vgys =4.2V, loyt = 0mA 250 400 pA

VBUS Pull Down Resistor Rpp Enabled by 12C 0.5 1 2 kQ

OUT PROGRAMMABLE PROTECTION

VBUS OVLO Range Shutdown 4 24 Vv

Lr:;s;?al Overvoltage Trip VovLo. R VBUS rising 2 nl?rr::tr)?e +2 %

::;Z:Ziggemltage Trip Vovio F | VBUS falling 0.2 %
4V -8V [63] 63.5

VBUS OVLO Resolution 8V — 16V [63] 127 mV
12V - 24V [63] 190.5
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MAX20330 Programmable OVP Controller with
VBUS Short Detection

Electrical Characteristics (continued)

BUS = 2.7V to ,Voc =2.6Vt0 5.5V, Tp = - o+ , unless otherwise noted. Typical values are at Vo = 3.3V, Tp = +
\Y 2.7V to 36V, V 26Vt055V,T 40°C to +85°C, unl therwi ted. Typical val tV 3.3V, T 25°C)
(Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
Vce
V¢ Voltage Range Vee 2.6 3.3 5.5 Vv
Ve Supply Current vee X§§C==462r:]/,Ar)nanual detection mode 125 200 uA
V¢ Shutdown Current Ve = 4.2V, VBUS floating, ENb = 1 2.8 5 pA
GATE
GATE external min (VBUS, 5V)
Maximum Gate On Voltage VGoN leakage <1pA VBUS =2.75V 2.43 \Y,
VBUS =5V, 23V 4.6 5.4

Gate Off VGOFF 0.5 \Y
Soft-Start Comparator Vss THR 220 300 380 mV
ID CURRENT SOURCE
Current Source Accuracy -5 +5 %
\C/:;;;Zn; Source Open Vovso D = 2uA 2 v

2

6

18
Current Source ITs) ” MA

162

2500

Average Current Source b AVG ::égAl\TAa; czugent, IS_PERIOD 2 130x, 2 PA
ADC
Resolution 8 bit
Voltage step 5.9 mV
Full-Scale Error -2 +2 %
Noise Filtering 100 us
Full Scale 1.5 Vv
DIGITAL SIGNALS (SDA, SCL, INT)
Output Low Voltage VoL Vio = 3.3V, Ig|nk = 3mA 0.4 Vv
Leakage Current V|o = 2.6V, open-drain 1 MA
Input Logic-High VIH 1.3 Y
Input Logic-Low VL 0.4 Vv
Input Leakage Current IBus LEAK | VIN =0V, V|y =26V -1 +1 MA
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MAX20330

Programmable OVP Controller with

Electrical Characteristics (continued)
(VBus =2.7V to 36V, Vg = 2.6V to 5.5V, Tp =-40°C to +85°C, unless otherwise noted. Typical values are at Vg = 3.3V, Tp = +25°C)

VBUS Short Detection

(Note 2)
PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
TIMING CHARACTERISTICS
VBUS = 4.3V to charge pump on Proara
VBUS Debounce Time tDEB (OUT =10% of VBUS), R poap = 100Q, mmgble ms
CLoaD = 100F
VBUS Soft-Start Time tss IGATE = 4pA (typ) 50 ms
VBUS Fast OVP Turn Off t o VEUS > Voo R0 100 .
Response Time OFF GATE_TO_SOUR:CE OV,
CGATE_TO_ouT = 4nF
Programmable Time 10 +10 o
Accuracy
2 .
I2C Maximum Clock 400 kHz
Frequency
THERMAL PROTECTION
Thermal Shutdown 125 °C
Thermal Shutdown 20 °C
Hysteresis

by design.

Note 2: All devices are 100% production tested at Tp = +25°C. Specifications over the operating temperature range are guaranteed

VIN_POR
—]

ouT

ENb

|
VOVLO [~ = === - - TmmmToooommooooooooooooooo oo w‘J Ty (i— -
o I
VBUS — |
| I
___________________ O

THERMAL
SHUTDOWN

EN_OVP

ovLo

VIN_OK

Figure 1. Timing Diagram
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MAX20330 Programmable OVP Controller with
VBUS Short Detection

Typical Operating Characteristics
(Vcc =4.2V, Ta = +25°C, unless otherwise noted.)

VBUS STARTUP VOLTAGE VBUS SUPPLY CURRENT Ve SUPPLY CURRENT
vs. TEMPERATURE vs. SUPPLY VOLAGE vs. SUPPLY VOLAGE
tocO toc02 toc03
275 700 180
/
600 > 160 /
270
- . 140
s 1 . Ti= H5C | Pprs z
Y e r vz 210 ! V.
< = Ty = +25°C — 5 Ty = +85°C 4
5 265 Z w0 k>~ i
S 2 Z4 Z 100 N
3 3 S w | /
£ 260 g 300 7= 4c z T=+5C [
5 2 > 6
= 20 © Ty= 40°C
2 25 - .
2 VBUS = 0V |
Ve =42V Ve =4V / ID DETECTION DISABLED
250 0 0 — L L L L L L
4 45 10 B 6 8 003 6 9 121518 21 24 27 30 33 % 00 05 10 15 20 25 30 35 40 45 50 55
TEMPERATURE () VBUS VOLTAGE (V) Vg VOLTAGE (V)
Ve SUPPLY CURRENT Vcc SHUTDOWN CURRENT Vcc AVERAGE SUPPLY CURRENT
vs. VBUS VOLTAGE vs. TEMPERATURE vs. VBUS RESISTOR
toc0: toc05
180 — 50 150
160 Ty = 485°C 45 145
_ A | 2 <
RNV, Ta= +25°C 2 40 Pl I T o) et PO
2 10 [ Ta=40C Z 35 Z 135 X
w 14 % 14
& 0 3 30 3 130
2 N Z 25 g 15 )
o = 400
g e 20 @ 120 Tz 40C
(2] 2 w
o 60 5 o
3 5 15 g 15
40 > 10 R
20 Vog=4.2V 05 Vg =42V 105 D DETECTION ENABLED
ID DETECTION DISABLED ENb = 1 WITH DEFAULT SETTING
0 TR A 0.0 L 100 . :
0 03 6 9 1215 18 21 24 27 3 40 45 10 3B 6 8 0 200000 400000 600000 800000 1000000
VBUS VOLTAGE (V) TEMPERATURE () D RESISTOR (©)
GATE-OUT VOLTAGE NORMALIZED OVLO THRESHOLD NORMALIZED PROGRAMMABLE OVLO
vs. VBUS VOLTAGE vs. TEMPERATURE THRESHOLD vs. TEMPERATURE
toc07 tocO: toc09
6 ‘ ‘ 140 110
Ty=+25°C  Ta=-40°C 1.08 1.08
5 N D o
- T 2 108 S 106
= Ty= +85°C z w
m B 1M =R
Q 4 4 <
3 £ 102 1w
= 9 ES
c3 s 10 & 100
3 2 ol
i 2 098 & 098
< 9 E a
o 2 0% g 0%
z E:
o
1 S 0w 2 094
092 . ENT)
. OVLO SETTO HGHEST o DEFALTOVLO ' OVLO= 1458V
0 5 1 15 2 T4 45 0 %B 0 8 T4 45 0 B 80 8
VBUS VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C)
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MAX20330

Typical Operating Characteristics (continued)

(Ve =4.2V, Tp = +25°C, unless otherwise noted.)

NORMALIZED DEBOUNCE TIME
vs. TEMPERATURE
toc1
1.10
1.08
=
Z 106
w
% 1.04
@ 10
2 10 — | __——1
g —
<3( 0.98
Z
E 0%
=z
0.94
0.92
0.90
-40 -15 10 35 60 85
TEMPERATURE (C)
POWER-UP RESPONSE etz
U lour = 0.5A
Cour = 10004F
Vaus ;| idiv
Vour idiv
lour SAldiv
4ms/div
ID DETECTION WAVEFORM e
1
Vo - 10mVidiv
VBUS ID =10Q
4ms/div

www.maximintegrated.com

Programmable OVP Controller with
VBUS Short Detection

Vaus

Vour

lour

Vaus

o

Vour

lour

V\D

POWER-UP RESPONSE ot
U Tour = 0.5
Cour = 100pF ;

LR NE——

4ms/div

OVERVOLTAGE FAULT RESPONSE

toc13

v : lour = 0.5
Cour = 1004F

N

20us/div

ID DETECTION WAVEFORM

toc15

U

VBUS ID = 100kQ

20ms/div

V/div

2V/div

1A/div

5Vidiv

5Vidiv

5A/div

200mV/div
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Programmable OVP Controller with
VBUS Short Detection

MAX20330

Bump Configuration

TOP VIEW
(BUMPS ON BOTTOM)
1 2 3 4
+ MAX20330
Oy Oy O L)
GATE ouT GND SDA
B '\\ /; "\ /; "\ /; "\ ’;
VBUS vee INT scL
Bump Description
BUMP NAME FUNCTION
A1 GATE Gate Drive Output for External N-FET
A2 ouT Output Voltage to the Battery Terminal. Output of internal switch.
A3 GND Ground
A4 SDA I2C Data Line. Connect SDA to an external pullup resistor.
VBUS Input. For proper ESD and surge protection, place the external TVS and a 0.1uF capacitor
B1 VBUS
on VBUS.
B2 Vv Supply for the 12C Digital Block. Bypass V¢ to ground with a 0.1uF capacitor as close to the
cc device as possible.
B3 INT Interrupt Output.
B4 SCL I2C Clock. Connect SCL to an external pullup resistor.

www.maximintegrated.com
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MAX20330

Functional Diagram

Programmable OVP Controller with
VBUS Short Detection

GATE

VBUS | cHarGE PUMP ouT
MAX20330

vee ISOURCE » ADC

SCL * *

SDA 12c LOGIC CONTROL VBUS

NT TIMER ouT

J:— GND
Table 1. Register Map
ADDRESS NAME TYPE DEFAULT DESCRIPTION

0x00 CHIP ID Read Only 0x00 Device ID Register
0x01 CONTROL 1 RW 0x88 System Control 1
0x02 STATUS Read Only 0x00 Status Register
0x03 INTERRUPT Clear on Read 0x00 Interrupt Register
0x04 MASK RW OxFF Mask Register
0x05 SET_OVLO RW 0x2C OVLO Threshold
0x06 I_SRC RW 0x01 Current Source Threshold
0x07 |_SRC_TMR RW 0x1B Current Source On-Timer
0x08 CONTROL 2 RW 0x3C System Control 2
0x0A ACCDET_REF RW 0xFO Accessory Detection Threshold
0x0B ISRC_ADC Read Only 0x00 Current Source Output
0x0C VBUS_ADC Read Only 0x00 Current Source Output

www.maximintegrated.com
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MAX20330

Programmable OVP Controller with
VBUS Short Detection

Table 2. Detailed Register Map

CHIP ID 0X00 (READ ONLY)

BIT 7 | e | 5 | 4 3 | 2 | 1 | o
BIT NAME CHIP_ID CHIP_REV

Reset Value o | o | o | o o | o | o | o
Description Chip ID and Revision

CONTROL 1 0x01 (Read/Write)

BIT 7 6 5 4 3 2 1 0
BIT NAME EN_OVP EN_IS RFU VBUS_DET VBUEQDC RFU ENb
Reset Value MAX20330 1 0 0 0 1 0 0 0
Reset Value MAX20330B 0 0 0 0 1 0 0 0

EN_OVP

OVP Enable (EN_OVP and EN_IS can not be “1” at the same time)
0 = OVP disabled (MAX20330B default)
1 = OVP enabled (MAX20330 default)

EN_IS

Current Source (I_SRC) Enable
0 =1_SRC disabled (default)
1=1_SRC enabled

RFU

Reserved for future use

VBUS_DET

VBUS Debounce Time (tpeg)

00 = 1ms or min time for power-up
01 = 15ms (default)

10 = 30ms

11 = 60ms

VBUSADC_EN

One Time ADC for VBUS. The bit is cleared after the measurement. EN_OVP = 1 is required to run
one time ADC for VBUS.

0 =VBUS ADC is disabled

1=VBUS ADC is enabled

ENb

Device Active Low Enable. Reset at VBUS rising edge.
0 = device is in active mode (default)
1 = device is in sleep mode

www.maximintegrated.com

Maxim Integrated | 9




MAX20330

Table 2. Detailed Register Map (continued)

Programmable OVP Controller with
VBUS Short Detection

STATUS 0x02 (Read Only)
BIT 7 6 5 4 3 2 1 0
ACC_ THERM_ OuT_
BIT NAME VIN_OK RFU EOC TP_OUT DET SHDN SHRT OVLO
Reset Value 0 0 0 0 0 0 0 0
VIN (VBUS) is above 2.7V (typ)
VIN_OK 0 =VBUS is below 2.7V (typ)
1=VBUS is above 2.7V (typ)
RFU Reserved for future use
End of ADC Conversion
EOC 0 = no conversion since last read
1 = new ADC data since last read
Timer Period Out
TP_OUT 0 = timer period not expired
1 = timer period expired
Accessory Detection Status
ACC_DET 0 = no change
1 = accessory detected
Thermal Shutdown
THERM_SHDN 0 = no thermal shutdown
1 = thermal shutdown
OUT does not reach 90% of VBUS within Soft Start Time
OUT_SHRT 0 =OUT ok
1 = OUT not ok
Overvoltage Shutdown
OVLO 0 = no OVP shutdown
1 = OVP shutdown

www.maximintegrated.com
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Programmable OVP Controller with
VBUS Short Detection

Table 2. Detailed Register Map (continued)

INTERRUPT 0x03 (Clear on Read)
BIT 7 6 5 4 3 2 1 0
. . ) ACC_ THERM_ OuUT_ .
BIT NAME VIN_OKi RFU EOCi TP_OUTi DETi SHDNi SHRTi OVLOi
Reset Value 0 0 0 0 0 0 0 0
VIN (VBUS) is above 2.7V (typ) interrupt
VIN_OKi 0 = interrupt not occurred
1 = interrupt occurred
RFU Reserved for future use
ADC EOC interrupt
EOCi 0 = interrupt not occurred
1 = interrupt occurred
Timer Period OUT interrupt
TP_OUTI 0 = interrupt not occurred
1 = interrupt occurred
Accessory Detection interrupt
ACC_DETi 0 = interrupt not occurred
1 = interrupt occurred
Thermal Shutdown interrupt
THERM_SHDNi 0 = interrupt not occurred
1 = interrupt occurred
OUT does not reach 90% of VBUS within soft-start time interrupt
OUT_SHRTi 0 = interrupt not occurred
1 = interrupt occurred
Overvoltage shutdown interrupt
OVLOi 0 = interrupt not occurred
1 = interrupt occurred

www.maximintegrated.com
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Programmable OVP Controller with
VBUS Short Detection

Table 2. Detailed Register Map (continued)

1000,0000 — 1011,1111: 12V-24V [63 steps]
1100,0000 — 1111,1111: 12V-24V [63 steps]
Default: 6.8V

MASK 0x04 (Read/Write)
BIT 7 6 5 4 3 2 1 0
TP_ ACC_ THERM_ OuUT_
BIT NAME VIN_OKm RFU EOCm OUTm DETm SHDNm SHRTM OVLOm
Reset Value 1 1 1 1 1 1 1 1
VIN (VBUS) is above 2.7V (typ) interrupt
VIN_OKm 0 = not masked
1 = masked
RFU Reserved for future use
ADC EOC interrupt
EOCm 0 = not masked
1 = masked
Timer Period OUT interrupt
TP_OUTm 0 = not masked
1 = masked
Accessory Detection interrupt
ACC_DETm 0 = not masked
1 = masked
Thermal Shutdown interrupt
THERM_SHDNm 0 = not masked
1 = masked
OUT does not reach 90% of VBUS within soft start time interrupt
OUT_SHRTm 0 = not masked
1 = masked
Overvoltage shutdown interrupt
OVLOm 0 = not masked
1 = masked
SET_OVLO 0x05 (Read/Write)
BIT 7 | e | s | a4 | 3 | o2 1 0
BIT NAME SET_OVLO
Reset Value o | o | 1 | o | 1 | 1 0 0
OVLO Threshold Set (8 bit resolution)
0000,0000 — 0011, 1111: 4V-8V [63 steps] (1.59% resolution)
SET OVLO 0100,0000 — 0111,1111: 8V-16V [63 steps]

www.maximintegrated.com
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Programmable OVP Controller with
VBUS Short Detection

Table 2. Detailed Register Map (continued)

I_SRC 0x06 (Read/Write)

BIT

7 6 | 5 | 4 3 2 | 1 | o

BIT NAME

RFU |_SRC_MON RFU |_SRC_SET

Reset Value

0 o | o | o 0 o | o | 1

RFU

Reserved for future use.

|_SRC_MON
(Read Only)

Current source monitor
000 = off

001 = 2uA

010 = 6pA

011 = 18uA

100 = 54pA

101 = 162pA

110 = 2500pA

111 = reserved

| SRC_SET

Current source set

In auto mode, it is the maximum current source set. Above this value, the auto ID detection is skipped.
In manual mode, it is the fixed current source set.
000 = off

001 = 2pA (default)

010 = 6pA

011 = 18uA

100 = 54pA

101 = 162uA

110 = 2500pA

111 = reserved

I_SRC_TMR 0x07 (Read/Write)

BIT 7 | 6 5 | 4 3 2 | 1 | o
BIT NAME RFU IS_PERIOD IS_INIT_SET] IS_TDET
Reset Value o | o o | 1 1 o | 1 | 1
RFU Reserved for future use.
Repeat period, off period
00 = 4x
IS_PERIOD 01 = 130x (default)
10 = 250x
11 = 1600x
Set the initial value different from IS_PERIOD and IS_TDET for the ID detection auto-mode
IS INIT SET 0 =use IS_PERIOD and IS_TDET for the initial check (2uA)
-~ 1 =use IS_PERIOD =00 and IS_TDET = 101 as the initial value. If the current source needs to increase,
then use the programmed IS_PERIOD and IS_TDET value for the current source larger than 2uA. (default)
Current source on time for detection
000 = 2500ps
001 = 3500us
010 = 4000ps
IS_TDET 011 = 10000ps (default)

100 = 40000us
101 = 100000us
110 = 400000us
111 = 1sec

www.maximintegrated.com
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Table 2. Detailed Register Map (continued)

Programmable OVP Controller with
VBUS Short Detection

CONTROLZ2 0x08 (Read/Write)

BIT

6

5 | 4

3 | 2

0

BIT NAME

RFU

EN_
VBPD

VBPD_TMR

AUT _ISRC_SCL

ISRC_
MAN

ISRC_ST

Reset Value

0 0 I T 0

0

RFU

Reserved for future use.

EN_VBPD

1kQ VBUS pulldown enable bit. The bit is cleared after pull down time expires.
0 = pull down disabled (default)
1 = pull down enabled

VBPD_TMR

VBUS pull down discharge window
00 =5ms

01 =15ms

10 = 30ms

11 = 60ms (default)

AUT_ISRC_SCL

Automatic scaling for impedance detection reference
00 = 10% of full ADC scale

01 =20% of full ADC scale

10 = 30% of full ADC scale

11 = 30% of full ADC scale (default)

ISRC_MAN

Current source manual detection
0 = automatic scaling for detection when ENb = 0 (default)

1 = manual detection when ENb = 0, fixed based on |_SRC and ISRC_TMR register values (register

0x06 and 0x07)

ISRC_ST

Current source manual start and ADC conversion. The bit is cleared after one impedance detection.

0 = disable (default)
1 = start one manual impedance detection

ACCDET_REF 0x0A (Read/Write)

BIT 7 | e [ 5 | 4 | 3 | 2 [ 1 5
BIT NAME ACC _DET_TH

Reset Value 1 | 1 | 1 | ” | 5 | 5 | 5 .
ACC_DET_TH Accessory Detection Threshold

Accessory is detected (ACC_DET = 1) if ADC_1 (0x0B) final reading is lower than ACC_DET_TH

www.maximintegrated.com
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Programmable OVP Controller with

VBUS Short Detection

Table 2. Detailed Register Map (continued)

ISRC_ADC 0x0B (Read Only)

Write 1 to VBUSADC_EN for one time VBUS ADC

BIT 7 | e | s | 4 | 3 | 2 1 | o

BIT NAME ADC_1

Reset Value o | o | o | o [ o | o o | o
ID ADC: OV to 1.5V

ADC_1 Voltage step 5.9mV (typ)

VBUS_ADC 0x0C (Read Only)

BIT 7 | e | 5 | 4 [ 3 | 2 1 | o

BIT NAME ADC_2

Reset Value o | o | o | o [ o | o o | o
VBUS ADC: 3V to 30V

ADC_2 Voltage step 118mV (typ)

A IS_TDET
‘@ [S_TDET -l IS_PERIOD
Vovso f——fF——=———~—4-————————---= T m e
D 3 3
R ey vy ey e N b
IADC ADC ADC ADC
ID DETECT |
T =t
CASE 1: LOW-IMPEDANCE RESISTOR UNPLUGGED DURING THE IS_PERIOD.
A
Vovso - - < IS_TDET_»-<-IS TDET < IS TDET i@ | ISPERIOD__________*»
|
D
ViDTH [
ID DETECT
ENABLE
CASE 2: HIGH-IMPEDANCE RESISTOR UNPLUGGED DURING THE IS_PERIOD.
A
i IS_TDET it IS_PERIOD - IS_TDET
Vovso [f——p——~———- [T T T T T T T oo T oSS m oo T T T
ID | | | |
VIDTH |- —— ‘:—  ———— -:~ —i —————————
IADC ADC ADC ADC
ID DETECT ‘
ENABLE o —F————~— - """ - -

CASE 3: LOW-IMPEDANCE RESISTOR CONTINUOUSLY CONNECTED DURING THE IS_PERIOD.

Figure 2. Current Source On-Time Timing Diagram (IS_INIT_SET = 0)

www.maximintegrated.com
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MAX20330

Detailed Description

The MAX20330 features the overvoltage protection to the
charger input VBUS line when a travel adapter (TA) is
used. The MAX20330 uses the external N-MOSFET with
Ron lower than 10mQ and Vpg rating at or higher than
+30V. The device protects the battery and low voltage
systems against voltage faults up to 40Vpc. The external
TVS could be used to further protect the device from surg-
es. If the input voltage exceeds the overvoltage threshold,
the external N-FET is disconnected from the input to pre-
vent damage to the protected components. In addition to
the OVP controller function, the MAX20330 also provides
the accessory ID detection as well as VBUS short detec-
tion when the device is not in OVP mode (EN_OVP = 0).

ENb Bit

The MAX20330 is enabled by default. When disabled as
VBUS is available, the part will remain enabled sinking
current from VBUS.

36VDC (40V Abs Max) Withstanding

The MAX20330 can withstand the DC voltage up to 40V.
If 40V input is expected, it is recommended to use the
external TVS that clamps the surge to 40V or below.

OVLO

OUT is connected to VBUS when VBUS is between UVLO
threshold and OVLO threshold. When VBUS goes above
overvoltage lockout threshold (SET_OVLO 0x05), OUT is
disconnected from VBUS, the OVLO bit is set high. When
VBUS drops below SET_OVLO threshold, the OVLO bit is
deasserted and the debounce time starts counting. After
the debounce time, OUT follows VBUS again.

www.maximintegrated.com

Programmable OVP Controller with
VBUS Short Detection

UVLO/POR

The VBUS has min operating voltage of 2.7V. The ADC
works when V¢ voltage is 2.6V or higher. The device
disables the external FET unless VBUS is higher than
UVLO threshold. When the device is operating with 12C
ENb bit = 0 (default), if the UVLO happens, the device
shuts down the switch immediately.

Safe Turn-On Protection

When the switch turns on, if the OUT is below Vss THR
of VBUS after soft start time out, it shuts down the output.

Fast Turn-Off Time

The MAX20330 provides 100ns turn off response time
and can switch off an external N-MOSFET.

VBUS ID/Short Detection

The MAX20330 can check the VBUS impedance with
automatic scaling for the best resolution using the differ-
ent current resources. The current source can be turned
on only when the OVP function is disabled (EN_OVP =
0). The ID open load voltage is 2V max. When the VBUS
is soft shorted to ground, it can be detected and warn the
user. Also, VBUS can be actively discharged by 12C com-
mand. This is useful when the OVP IC blocks the VBUS
from discharged by the PMIC or by the USB type C con-
troller during power down operation.

Thermal Shutdown

Thermal shutdown circuitry protects the devices from
overheating. The switches turn off when the junction
temperature exceeds +125°C (typ). The switches turn
on again after the device temperature drops by approxi-
mately 20°C (typ).
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Application Information

12C Interface

When in 12C mode, the MAX20330 operates as a slave
device that sends and receives data through an 12C-
compatible 2-wire interface. The interface uses a serial
data line (SDA) and a serial clock line (SCL) to achieve
bidirectional communication between master(s) and
slave(s). A master (typically a microcontroller) initiates all
data transfers to and from the MAX20330 and generates
the SCL clock that synchronizes the data transfer. The
SDA line operates as both an input and an open-drain
output. A pullup resistor is required on SDA. The SCL line
operates only as an input. A pullup resistor is required on
SCL if there are multiple masters on the 2-wire interface, or

Programmable OVP Controller with
VBUS Short Detection

if the master in a single-master system has an open-drain
SCL output. Each transmission consists of a START con-
dition sent by a master, followed by the MAX20330 7-bit
slave address plus R/W bit, a register address byte, one or
more data bytes, and finally a STOP condition (Figure 3).

Start and Stop Conditions

Both SCL and SDA remain high when the interface is not
busy. A master signals the beginning of a transmission
with a START (S) condition by transitioning SDA from
high-to-low while SCL is high (Figure 4). When the mas-
ter has finished communicating with the slave, it issues
a STOP (P) condition by transitioning SDA from low to
high while SCL is high. The bus is then free for another
transmission.
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Figure 3. I12C Interface Timing Details
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Figure 4. Start and Stop Conditions
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Bit Transfer

One data bit is transferred during each clock pulse
(Figure 5).The data on SDA must remain stable while
SCL is high. Changes in SDA while SCK is high and
stable are considered control signals (see Start and Stop
Conditions)

Acknowledge

The acknowledge bit is a clocked 9th bit (Figure 6), which
the recipient uses to handshake receipt of each byte of
data. Thus, each byte transferred effectively requires 9
bits. The master generates the 9th clock pulse, and the
recipient pulls down SDA during the acknowledge clock
pulse. The SDA line is stable low during the high period
of the clock pulse. When the master is transmitting to the
MAX20330, it generates the acknowledge bit because the

Programmable OVP Controller with
VBUS Short Detection

device is the recipient. When the device is transmitting
to the master, the master generates the acknowledge bit
because the master is the recipient. If the device did not
pull SDA low, a not acknowledge is indicated.

Slave Address

The MAX20330 features a 7-bit slave address: 0010
111. The bit following a 7-bit slave address is the R/W
bit, which is low for a write command and high for a read
command.

Bus Reset

The MAX20330 resets the bus with the 12C start condi-
tion for reads. When the R/W bit is set to 1, the device
transmits data to the master, thus the master is reading
from the device.
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Figure 5. Bit Transfer
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Figure 6. Acknowledge
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Format for Writing

A write to the MAX20330 comprises the transmission of
the slave address with the R/W bit set to zero, followed
by at least 1 byte of information. The first byte of informa-
tion is the register address or command byte. The register
address determines which register of the device is to be
written by the next byte, if received. If a STOP (P) condi-
tion is detected after the register address is received,

Programmable OVP Controller with
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then the device takes no further action beyond storing
the register address. Any bytes received after the register
address are data bytes. The first data byte goes into the
register selected by the register address and subsequent
data bytes go into subsequent registers (Figure 7). If
multiple data bytes are transmitted before a STOP condition,
these bytes are stored in subsequent registers because
the register addresses autoincrement (Figure 8).

ADDRESS = 0x2E 0=WRITE

REGISTER ADDRESS = 0x01

S 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 A
REGISTER 0x01 WRITE DATA
S =STARTBIT
P = STOP BIT
A=ACK
d7 dé ds d4 d3 d2 d1 do A N = NACK
d_=DATABIT

Figure 7. Format for I2C Write

ADDRESS = 0x2E 0=WRITE REGISTER ADDRESS = 0x01
S 0 0 1 0 1 1 1 0 A 0 0 0 0 0 0 0 1 A
REGISTER 0x01 WRITE DATA REGISTER 0x02 WRITE DATA
a7 dé d5 d4 d3 d2 d1 do A d7 dé d5 d4 d3 d2 d1 do | AN P

Figure 8. Format for Writing to Multiple Registers

www.maximintegrated.com
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Format for Reading

The MAX20330 is read using the internally stored register
address as an address pointer, the same way the stored
register address is used as an address pointer for a write.
The pointer autoincrements after each data byte is read
using the same rules as for a write. Thus, a read is initiated

Programmable OVP Controller with
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by first configuring the register address by performing a
write (Figure 9). The master can now read consecutive
bytes from the device, with the first data byte being read
from the register addressed pointed by the previously
written register address (Figure 10). Once the master
sounds a NACK, the MAX20330 stops sending valid data.

0=WRITE

'

ADDRESS = 0x2E

REGISTER ADDRESS = 0x01

S 0 0 1 0 1 1 1 0 A 0 0 0 0 0 0 0 1 A
ADDRESS = 0x2F 1=READ REGISTER 0x01 READ DATA
Sr 0 0 1 0 1 1 1 1 A d7 | d6 | d5 | d4 | d3 | d2 | d1 | do | AN P
Figure 9. Format for Reads (Repeated Start)
ADDRESS = 0x2E 0=WRITE REGISTER ADDRESS = 0x01

v

S 0 0 1 0 1 1 1 0 A 0 0 0 0 0 0 0 1 AIN
ADDRESS = 0x2F 1=READ REGISTER 0x01 READ DATA
Sr 0 0 1 0 1 1 1 1 A a7 dé ds d4 d3 d2 d1 do A

REGISTER 0x02 READ DATA

d7 d6 ds d4 d3 d2 d1 do A

REGISTER 0x03 READ DATA

/——/%

d7 d6é ds d4 d3 d2 d1 do AIN P

Figure 10. Format for Reading Multiple Registers
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Typical Application Circuits
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Ordering Information

TOP TEMP PIN-
MARK RANGE PACKAGE

MAX20330EWA+T CA  -40°CTO +85°C 8 WLP
MAX20330BEWA+T CC  -40°C TO +85°C 8 WLP

PART

+ Denotes lead(Pb)-free/RoHS-compliant package.
T = Tape and reel.

Chip Information
PROCESS: BICMOS
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For pricing, delivery, and ordering information, please visit Maxim Integrated’s online storefront at https://www.maximintegrated.com/en/storefront/storefront.html.
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