Click here for production status of specific part numbers.

EVALUATION KIT AVAILABLE

MAX16972/MAX16972A

General Description

The MAX16972/MAX16972A provide high-ESD and
short-circuit protection for the low-voltage internal USB
data and USB power line in automotive radio, naviga-
tion, connectivity, and USB hub applications. The devices
support both Hi-Speed USB (480Mbps) and full-speed
USB (12Mbps) operation. In addition, the devices include
integrated circuitry to enable fast charging for consumer
devices that adhere to either the Apple® method or the
Hi-Speed USB host-charger port-detection protocol and
support USB on-the-go (OTG).

The short-circuit protection features include short-to-battery
on the protected HVBUS, HVD+, and HVD- outputs, as
well as short-to-HVBUS on the protected HVD+ and HVD-
outputs. The devices are capable of a short-to-battery
condition of up to +18V. Short-to-GND and overcurrent
protection are also provided on the HVBUS output to
protect the internal BUS power rail from overcurrent faults.

Each device features high-ESD protection to +15kV Air-
Gap method and +8kV Contact method on all protected
HVBUS, HVD+, and HVD- outputs.

Each device features two low 4.0Q on-resistance Hi-Speed
USB switches, a current-limited low-voltage 31mQ BUS
switch, and provides an integrated high-voltage external
power-switch controller. The BUS switch can start up into
high-capacitance noncompliant USB loads. The devices
also feature an enable input, a fault output, integrated
Apple iPhone®/iPad® fast-charging termination resistors,
and an integrated host-charger port-detection circuit that
adheres to the USB 2.0 battery-charging specification
version 1.2.

The devices are available in 16-pin QSOP and 16-pin
(4mm x 4mm) TQFN packages, and operate over the
-40°C to +105°C temperature range. The MAX16972 and
MAX16972A are drop-in compatible with the MAX16970,
MAX16971, MAX16970A, MAX16971A, MAX16917,
MAX16919, and MAX16969 devices.

Applications

e Automotive Radio and Navigation

e USB Hub

e Automotive Connectivity

e Telematics

Apple, iPhone and iPad are registered trademarks of Apple,
Inc.

19-100346; Rev 1, 8/18

3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Benefits and Features

e 900MHz Bandwidth USB 2.0 Data Switches
e Industry-Leading Rps(oN) Minimizes Voltage Drop
on Bus Line to Help Meet USB Voltage Specifications
at Device Connector
e Current-Limited 31mQ (typ) BUS Switch with High-
Capacitive Load Capability

e Robust Overvoltage and ESD Protection for
Automotive Environment Saves on External
Protection Components
» Short-to-Battery and Short-to-GND Protection on

Protected HVBUS Output
» Short-to-Battery and Short-to-HVBUS Protection
on Protected HVD+ and HVD- Outputs
+ Two 4.0Q (typ) Ron USB 2.0 Data Switches
 Integrated Overcurrent and Short-Circuit Autoretry
» High ESD Protection (HVD+, HVD-, HVBUS)
* +15kV Human Body Model
+ +15kV IEC 61000-4-2 Air Gap
+ +8kV IEC 61000-4-2 Contact

* 20ms Fault-Blanking Timeout Period

e Automatic Transitioning of Charge Modes through
Intelligent State Machine for Seamless Device
Integration
 Integrated Apple iPhone 1.0A Dedicated Charging
Mode

 Integrated Apple iPad 2.1A Dedicated Charging
Mode

« USB-IF BC1.2 Charging Downstream Port (CDP)
and Dedicated Charging Port (DCP) Modes

* Chinese Telecommunication Industry-Standard
YD/T 1591-209

* USB On-The-Go (OTG) Support

e AEC-Q100 Qualified

Typical Operating Circuit and Ordering Information appear

at end of data sheet.
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3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

MAX16972/MAX16972A
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MAX16972/MAX16972A

Absolute Maximum Ratings

IN, BUS, ISET, S_DMOS to GND ........ccceeiieiianene -0.3V to +6V
D+, D-t0 GND ..o -0.3V to IN +0.3V
EN, EN, FAULT, CHEN to GND.........ccceceevevcrnene. -0.3V to +6V
HVD+, HVD-, HVBUS t0 GND .......cooiiiiiiieiiiee -0.3V to +18V
G_DMOS t0 GND ..ot -0.3V to +16V
Continuous Power Dissipation (Tp = +70°C)

QSOP (derate 9.5mW/°C above +70°C)........ccccueennen. 761mW

TQFN (derate 25mW/°C above +70°C)........ccccuuen.e. 2000mw

3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Operating Temperature Range.............ccccc.c..... -40°C to +105°C
Storage Temperature Range ...-65°C to +150°C
Lead Temperature (soldering) (10S)......cccovcvveeeriiieeennnns +300°C
Soldering Temperature (reflow)..........ccoovveveeiieiecieennne. +260°C

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.

Package Information
16 QSOP

Package Code E16+11C

Outline Number 21-0055

Land Pattern Number 90-0167

Thermal Resistance, Four-Layer Board:

Junction to Ambient (64) 105°C/W

Junction to Case (6,¢) 37°C/W
16 TQFN

Package Code T1644+4C

Outline Number 21-0139

Land Pattern Number 90-0070

Thermal Resistance, Four-Layer Board:

Junction to Ambient (64) 40°C/W

Junction to Case (6,¢) 6°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

pertains 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.
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MAX16972/MAX

16972A

Electrical Characteristics
(VBus =5.0V, V|y =3.3V, Ty = Tpa = -40°C to +105°C, R|_ = «, Typical values are at VEN = OV or VgN = 3.3V and Tp = +25°C, unless

otherwise noted.) (Note 1)

3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS

POWER SUPPLY

BUS Power-Supply

Range VBuUS 4.75 5.5 \%

IN Power-Supply Range VIN 3 3.6 Vv

IN Overvoltage Lockout VovLo VN rising 3.8 Vv
Supply for internal blocks 572 1100

BUS Input Current IBUS Shutdown, EN active-high versions, V|y = 0V 2.5 5 pA
Shutdown, EN active-low versions, Vj = 0V 5 10

IN Input Current N VcHEN = VN = 3.3V 3.3 10 MA

CHARGE PUMP

Unloaded Output Referenced to Vgyg, internal discharge path

Voltage VocHP | oMmQ to GND 8 10.5 v

Output Impedance RocHp 50 kQ

Output DC Current locHP VG pmos - VBus 2 7V 20 MA

D+/D- ANALOG USB SWITCHES

Analog Signal Range Guaranteed by Ron measurement (Note 2) 0 3.6 \Y

Protection Trip Threshold Vov b 3.7 3.85 Vv

Protection Response ¢ Delay to Vp <3V when Vyyp =3.3Vto 4.3V 6 s

Time FP_D step, R_ = 15kQ on D_ H

Overvoltage-Blanking » I

Timeout Period ts,ov D From overvoltage condition to FAULT asserted 20 ms

On-Resistance RoN Vgus =5V, I = 10mA, 0V =Vp <3.6V 4 Q

On-Resistance Match

Between Channels, ARON VBus =5V, I = 10mA, Vp_ = 1.5V, or 3.0V 0.03 0.2 Q

Switch A

On-Resistance Flatness,

Switch A RrLaTON) | VBUS =5V, I =10mA, Vp_ =0V or 0.4V 0.02 Q

On-Resistance of _ _

HVD+/HVD- Short RsSHORT Vpp =1V, Ipy = 500pA 90 180 Q

HVD+/HVD- Off-Leakage _ _ _ R

Current Ip OFF Vuvp_ =18V, Vp =0V, Tp =+25°C 60 120 MA

HVD+/HVD- On-Leakage _ . _ R

Current Ip oN Vp_= VN or 0V, device enabled, Tp = +25 C 7 MA

D+/D- Off-Leakage _ _ _ R

Current Ip OFF Vyvp_ =18V, Vp =0V, Tp =+25°C 1 MA

On-Channel -3dB BW R =50Q, source impedance = 50Q; see Figure 900 MHz

Bandwidth 5 in the Timing Diagrams/Test Circuits section

Crosstalk Vet Ry =50Q, f = 480MHz -30 dB

www.maximintegrated.com
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MAX16972/MAX16972A 3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad

and USB 2.0 Charge Detection

Electrical Characteristics (continued)
(VBus = 5.0V, VN =3.3V, Ty = Ta =-40°C to +105°C, R|_ = «, Typical values are at VEN = OV or VN = 3.3V and Tp = +25°C, unless

otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
On-Capacitance Con f=1MHz 10 pF
Rise-Time Propagation 5
Delay tPLH Rs =R =50Q 200 ps
Fall-Time Propagation o
Delay tPHL Rs =R =50Q 200 ps
Output Skew Between . _

Switches tsk(0) Skew between D+ and D- switch, R = 50Q 50 ps

Output Skew Same t Skew between opposite transitions in same 50 s

Switch SK(P) | switch, R, = 500 P

BUS POWER SWITCH

) Going into and out of DCP/Apple autodetection

Vs Toggle Time tvBT modes 0.5 1 2 s

HVBUS Protection Trip Vov_ -

Threshold Absolute BUS,ABS HVBUS rising 56 58 v

HVBUS Protection Trip - VBus +

Threshold Relative Vov_sus,ReL | HVBUS rising 0.10V v

Voltage Protection Re- .

sponse Time trp BUS HVBUS rising 0.3 us

Overvoltage-Fault .

Blanking Timeout Period tsov_Bus | From overvoltage condition to FAULT asserted 10 20 35 ms

BUS Undervoltage .

L choun 9 Vuvio | Veus falling 4.2 v
Vpus falling from 5V with slew rate of 0.5V/ps,

E:ﬁegt?g:m"age Vuv BUs | switch turned off (with R = 50Q on S_DMOS 43 445 46 v
measured when S_DMOS goes low)

BUS Undervoltage- Vguys falling from 5V with slew rate of 0.5V/ps,

Protection Response tr BUS switch turned off (with R_ = 50Q on S_DMOS 1 Ms

Time measured when S_DMOS goes low)

BUS Und ltage- R

r] ervoftage . From undervoltage condition to FAULT
Protection Fault-Blanking | tg yv BUS 20 ms
) ) = asserted

Timeout Period

On-Resistance Ron 31 50 mQ
RiseT =51.1kQ, Vgus - Vs pmos = 0.5V 0.6 0.67 0.82
RiseT = 26.7kQ, Vgus - Vs pmos = 0.5V 1.25 1.36 1.47

Forward Current Limit ILim RisET = 15.4kQ, Veus - Vs pMmos = 0.5V 21 237 247 A
RiseT = 10.0kQ, VBus - Vs_pwmos = 0.5V 312 363  4.28
(Note 3)

Voltage at ISET ViSET 1.18 1.24 1.3 \Y

ISET Short-Detection Switch turned off when current at ISET exceeds

Threshold sET.sC value 180 300 480 bA

www.maximintegrated.com
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MAX16972/MAX16972A

3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Electrical Characteristics (continued)
(VBus = 5.0V, V|y =3.3V, Ty = Tp = -40°C to +105°C, R = «, Typical values are at VEN = OV or Vg = 3.3V and Tp = +25°C, unless

otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Continuous Current-Limit ) . -
Fault-Blanking Timeout t From continuous current-limit condition to 20 ms
. o BILIM | FAULT asserted

Period
HVBUS Turn-On Delay toN From 0 to 10% of VoyT 0.6 ms
HVBUS Output Rise tRISE From 10% to 90% of VouT 0.4 ms
Time
HVBUS Turn-Off Delay torr From 100% to 90% of VouT 1.3 ms
HVBUS Output Fall Time tEALL From 90% to 10% of Voyt 1.2 ms
HVBUS OUT Autoreset _
Current IRETRY In latched-off state, Viyygys = 0V 25 mA
HVBUS OUT Autoreset .
Threshold VRETRY In latched-off state, Vqygus rising 0.5 Vv
HVBUS OUT Autoreset
Blanking Time tB,RETRY In latched-off state, Vyygus > 0.5V 20 ms
Off-Leakage Current ILkc_HvBUS | VHvBUS = 18V, Vgys =4.75V, Tp = +25°C 30 65 MA
S_DMOS Off-Leakage _ _ _ R
Current Vgus = 5.5V, VS_DMOS =0V, TA=+25°C 1 pA
THERMAL PROTECTION
Thermal Shutdown 160 °C
Thermal-shutdown 20 c
Hysteresis
FAULT OUTPUT
FAULT Output Low

V I = 500pA 0.1 \Y
Voltage oL SINK M
FAULT Output High _ o

Ta=+25°C 1 A
Leakage A H
EN/EN, IN, CHEN INPUTS
Input Logic-High ViH 1.6 \Y
Input Logic-Low VL 0.5 Vv
Input Current EN, CHEN IEN, IcHEN | VIN, internal 2MQ pulldown to GND 1.65 pA
o EN, active-low versions, VN = 0V, internal 2MQ
Input C t EN I -1.65 A
nputurren EN pullup to BUS H
USB HOST CHARGING SPEC, D+/D-/CHEN (CDP)
HVDP and HVDM
Pulldown Resistors RHvD_DWN 19 kQ
Input Logic-High ViH 2 \%
Input Logic-Low VL 0.8 \Y
. VDAT_sINK = 0.25V to 0.4V; includes 19kQ (typ)

Data Sink Current IDAT_SINK pulldown resistor 45 175 MA

www.maximintegrated.com
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MAX16972/MAX16972A

3A Automotive Hi-Speed USB

Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Electrical Characteristics (continued)
(VBus = 5.0V, V|y =3.3V, Ty = Tp = -40°C to +105°C, R = «, Typical values are at VEN = OV or Vg = 3.3V and Tp = +25°C, unless

otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Data-Detect Voltage High | Vpar REFH 0.4 \%
Data-Detect Voltage Low | Vpar REFL 0.25 \
eo w
Data-Source Voltage Vpatr src | lLoaD = 200pA 0.5 0.7 Vv
iPHONE/iPAD/DCM CHARGER DETECTION (DCP)
g:/lagw"'r:m' Short RPD 300 500 kQ
RP1/RP2 Ratio RTrp 1.5 Q/Q
RP1 || RP2 Resistance RRrp 19.5 30 40.5 kQ
RM1/RM2 Ratio RTRM 0.86 Q/Q
RM1 || RM2 Resistance RrM 15.1 23.2 313 kQ
DM1 Comparator v iPhone mode, DM falling 45 46 47 %
Threshold DM I'iPad mode, DM falling 29 30 31| (Vg
?Misﬁglrgparator Vomzr | DM falling 6 7 8 (V:/Zs)
DP Comparator Vi iPhone mode, DP rising 45 46 47 %
Threshold DM I'iPad mode, DP rising 559 572 585 | (Vg
DM1, DM2, and DP . 1 %
Comparator Hysteresis
ESD PROTECTION FOR ALL INPUTS AND OUTPUTS EXCEPT HVD+, HVD-, AND HVBUS
ESD Protection Level VEsSD Human Body Model +2 kV
ESD PROTECTION FOR HVD+, HVD-, HVBUS

ISO 10605 Air Gap (330pF, 2kQ) 25
ISO 10605 Contact (330pF, 2kQ) +8
) IEC 61000-4-2 Air Gap (150pF, 330Q) 25
ESD Protection Level VESD kv
IEC 61000-4-2 Contact (150pF, 330Q) +8
IEC 61000-4-2 Air Gap (330pF, 330Q) +15
IEC 61000-4-2 Contact (330pF, 330Q) +8

Note 1: Specifications with minimum and maximum limits are 100% production tested at Tp = +25°C and are guaranteed over the
operating temperature range by design and characterization. Actual typical values may vary and are not guaranteed.

Note 2: Design guaranteed by ATE characterization. Limits are not production tested.
Note 3: Design guaranteed by bench characterization. Limits are not production tested.

www.maximintegrated.com
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3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad

and USB 2.0 Charge Detection
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MAX16972/MAX16972A

Timing Diagrams/Test Circuits
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Figure 1. BUS Undervoltage Event
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MAX16972/MAX16972A 3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Timing Diagrams/Test Circuits (continued)
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Figure 2. Overvoltage Protection Event
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3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad

MAX16972/MAX16972A

and USB 2.0 Charge Detection

Timing Diagrams/Test Circuits (continued)
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3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad

MAX16972/MAX16972A

and USB 2.0 Charge Detection

Timing Diagrams/Test Circuits (continued)
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Figure 4. Overcurrent Protection Event
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MAX16972/MAX16972A 3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Timing Diagrams/Test Circuits (continued)

ON-LOSS = 20log VOUT

VIN
NETWORK
ANALYZER o
500 500 CROSSTALK = 200g '
VIN
D+(D-) ~ -
HVD+
f ONAOSST = 20og '
MAX16972 L
vour MEAS REF ) HVD-
HVD+ (HVD-) — - ON-L0SSz = 20og -
N ~ Db
= if _ HVD+
B 500 500 - CROSSTALK = 20log '
EN
CROSSTALK2 = 20log HgE'

ON-LOSS IS MEASURED BETWEEN D+ AND HVD+, D- AND HVD-.
CROSSTALK IS MEASURED FROM ONE CHANNEL TO THE OTHER CHANNEL.
SIGNAL DIRECTION THROUGH SWITCH IS REVERSED; WORST VALUES ARE RECORDED.

Figure 5. In-Channel -3dB Bandwidth and Crosstalk

MAX16972
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Figure 6. On-Capacitance
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MAX16972/MAX16972A

3A Automotive Hi-Speed USB

Protectors with Apple iPhone/iPad

Timing Diagrams/Test Circuits (continued)

and USB 2.0 Charge Detection
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Figure 7. Propagation Delay and Output Skew
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MAX16972/MAX16972A 3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

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

BUS SUPPLY CURRENT BUS SUPPLY CURRENT
vs. TEMPERATURE (ENABLED) vs. TEMPERATURE (DISABLED)
toc1 toc:
780 ‘ 40 - :
760 |- Ven=3.3V, Vopen =0V ' Ven =0V, Veren = 0V ‘ ‘
740 Vpys =5.25V
= |
g 720 Lo g0 L /
£ 700 | Vays=525V e = —
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© 660 .\. eV / > 20 —
5 Vel 2 i
& 640 A Ve / 3 15
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(,w, 620 A A + N gl
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/ !
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560 00
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32 70 75
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30 _ —
El \/f/r 65 =
/ 2 50 3
— Pl < T Tt ;
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= T g . I T R
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& 26 o
=Ea L A
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a z — I
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T 24 i o : |— z
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vs. TEMPERATURE DATA SWITCH Roy, vs. APPLIED DATA VOLTAGE
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100 ‘ ‘ ‘ 50 36 ‘
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80 = :
= ——F— 4« I
L z
. — 4 3
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g B Sl
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30 z 28
20 15
10 10 26
40 5 10 3% 60 8 105 0 06 12 18 24 3 36
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MAX16972/MAX16972A

Typical Operating Characteristics (continued)

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

(Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
(Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
(Ta = +25°C, unless otherwise noted.)
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Pin Configurations

TOP VIEW

o [72) %]
z @ @A @
TOP VEW EHRCHEHREY
HVD-II * ED- . ]
H+[ 2] [15]0+ D+ 13 o LB EN
weus(e] | yaxsora | [N o4l | mAxieer2 | L1 |PAUT
GNDIZ MAX16972A E ISET . 5 MAX16972A i R
s_omos|[ 5 | 2] BUS HVD- 115 | BESA b
s omos 6 [11]BUs wos [ o EPI I5|comos
G_DMos[ 7] [10] EN EN)
CHEN[ 8] o |FAULT "1’ "2’ "3’ (ﬂ
— 2 2 8 8
QsoP g & 2 =
T (0‘ U)‘
TQFN
() MAX16972 (4mm x 4mm)
Pin Description
PIN NAME FUNCTION
1 HVD- High-Voltage-Protected USB Differential Data D- Output. Connect HVD- directly to USB connector D-.
2 HVD+ High-Voltage-Protected USB Differential Data D+ Output. Connect HVD+ directly to USB connector D+.
High-Voltage Bus and DMOS Drain Connect. Connect to the drain of an external n-channel DMOS and to
3 HVBUS
the USB connector BUS.
4 GND Ground
56 S DMOS DMOS Source Input. Connect to the source of an external n-channel DMOS. Connect both S_DMOS pins
’ - together and bypass S_DMOS to GND with a 100nF ceramic capacitor placed close to the S_DMOS pin.
G_DMOS | DMOS Gate-Drive Output. Connect to the gate of an external n-channel DMOS.
CHEN Charger-Detect Configuration Bit 1. Connect CHEN to a microprocessor I/O (see Table 2 and Table 3).
FAULT Active-Low Open-Drain Fault Indicator Output
10 EN MAX16972A - Active-High Charge-Detect Configuration Bit 0. Connect EN to a microprocessor I/O. Drive
EN high to enable the device (see Table 2 and Table 3).
10 EN MAX16972 - Active-Low Charge-Detect Configuration Bit 0. Connect EN to a microprocessor I/O. Drive EN
low to enable the device (see Table 2 and Table 3).
1 12 BUS USB Power Supply. Connect BUS to +5V USB supply. Connect both BUS inputs together for proper opera-
’ tion. Bypass BUS to GND with a 100uF ceramic capacitor.
Forward-Current Limit Set. Set the forward-current limit of the power switch using a resistor to GND (see
13 ISET e )
the Forward-Current Limit section).
14 IN Logic Power-Supply Input. The supply voltage range is from +3.0V to +3.6V. Bypass IN to GND with a 1uF
ceramic capacitor.
15 D+ USB Differential Data D+ Input. Connect D+ to low voltage USB transceiver D+.
16 D- USB Differential Data D- Input. Connect D- to low voltage USB transceiver D-.

www.maximintegrated.com
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Detailed Description

The MAX16972/MAX16972A provide high-ESD and
short-circuit protection for the low-voltage internal USB
data and USB power line in automotive radio, naviga-
tion, connectivity, and USB hub applications. Each device
supports both Hi-Speed USB (480Mbps) and full-speed
USB (12Mbps) operation. In addition, they also include
integrated circuitry to enable fast-charging for consumer
devices adhering to either the Apple method or the
Hi-Speed USB host-charger port-detection protocol.

The short-circuit protection features include short-to-
battery on the protected HVBUS, HVD+, and HVD- out-
puts, as well as short-to-HVBUS on the protected HVD+
and HVD- outputs. Each device is capable of a short-
to-battery condition of up to +18V. Short-to-GND and
overcurrent protection are also provided on the HVBUS
output to protect the internal BUS power rail from overcur-
rent faults.

Each device features high-ESD protection to £15kV Air-
Gap method and +8kV Contact method on all protected
HVBUS, HVD+, and HVD- outputs.

Each device features two low 4.0Q on-resistance
Hi-Speed USB switches, a current-limited low-voltage
31mQ BUS switch, and provides an integrated high-
voltage external power-switch controller. The devices also
feature an enable input, a fault output, integrated Apple
iPhone/iPad fast-charging termination resistors, and an
integrated host-charger port-detection circuit adhering to
the USB 2.0 battery-charging specification.

BUS Protection

Power to the USB connector is provided through an
externally controlled high-voltage FET and an internal,

www.maximintegrated.com
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current-limited protected FET. The design can withstand
short-to-battery conditions of up to 18V, short-to-ground,
and can withstand the *15kV (Air-Gap method)/+8kV
(Contact method) ESD requirement. The internal FET has
an adjustable current limit from 500mA up to 3A.

The HVBUS short-to-battery protection is done with an
external power FET. The gate of this FET is driven by
an internal charge pump which generates a minimum 7V
gate-source voltage.

All overvoltage protection switches are guaranteed to be
off when power is not applied to the device.

Fault Conditions

Table 1 summarizes the conditions that generate a fault
and subsequent actions taken by the device.

Fault Output (FAULT)

Each device features an active-low, open-drain fault out-
put. FAULT goes low when there is a fault condition. Fault
detection includes short-to-battery, short-to-GND, or over-
current on HVBUS, overvoltage on HVD+ or HVD-, over-
heating in the device, and a low R|ggT value. Connect a
100kQ pullup resistor from FAULT to IN.

Enable Input (EN/EN)

Each device features either active-high or active-low
enable logic (see the Ordering Information table ). While
VCHEN = 0V, drive EN/(EN) high/(low) for normal opera-
tion and to enable the protection switches. This allows
BUS power, D+, and D- USB signals to pass through the
device. Drive EN/(EN) low/(high) to disable the device and
to turn off the power and USB data switches (see Table 2

and Table 3).
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Table 1. Fault Conditions

EVENT CONDITION ACTION TAKEN
An overvoltage at one of the HVD pins immediately switches off all power
and data switches. The blanking timer turns on and FAULT remains high.
Overvoltage on VHvBus > ;
the High-Voltage (VBus *+ 0.1V) If overvoltage persists for 20ms, FAULT goes low.
Pins or 5.5V, Vivp+ When the overvoltage is removed, the fault is cleared immediately, and
or Vhyp- > 3.85V FAULT goes high.
After the fault, the soft-start begins.
Overvoltage The device immediately shuts off the external power switch and the USB
on IN 9 ViN > VovLo data switches. The fault indicator asserts when the overvoltage condition per-
sists for more than 20ms.
If an overload occurs, output current regulates at ILIM and the blanking timer
turns on. FAULT remains high during the blanking timeout period.
Overcurrent Continuous current at ILIM persists until either the 20ms blanking period
or Short-to- expires, or a thermal fault occurs.
Ground on the ILoaD > ILim ) .
High-Voltage If overcurrent persists after 20ms, FAULT goes low, autoreset mode is
Bus enabled, and the output sources 25mA.
If the output voltage rises above 0.5V for 20ms, the channel resets, the
output turns on, and FAULT goes high.
Afast V, ¢ UV immediately switches off the internal power switch. The blank-
ing timer turns on and FAULT remains high.
Vuvio < VBus If fast V , UV persists for 20ms, FAULT goes low.
Undervoltage <Vuv_Bus When the fast V , UV is removed, the fault is cleared immediately and
on BUS FAULT goes high.
After the fault, the soft-start begins.
v <V AV, UVLO immediately switches off all power and data switches and
BUS = YUVLO resets the digital logic.
The device immediately shuts off the external power switch, internal current-
limited switch, and USB data switches. The fault indicator asserts immediate-
Overheating Ty>+160°C ly when the junction temperature exceeds +160°C. The device has a thermal
hysteresis of 15°C. The fault indicator deasserts when the junction tempera-
ture falls below +145°C.
An ISET error immediately switches off all power and data switches.
FAULT is asserted immediately.
Riser Value liseT > 300LA . Y . . .
Too Low When the ISET error is removed, the fault is cleared immediately and FAULT
goes high.
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CHEN Input

Use CHEN (along with EN/(EN); see Table 2 and Table 3)
to enable the device’s internal Apple iPhone/iPad fast-
charge circuitry or the device’s internal USB host-charger
port-detection circuitry (Figure 8). The device’s internal
charge-detect circuitry allows any attached peripheral
device to determine whether it is connected to a USB
port capable of supplying greater than 500mA (typ). If
detected, the peripheral device enables its internal battery
charger to enter fast-charge mode, and begins charging
above 500mA at its maximum capable current.

Connect CHEN to an 1/O port on the host system
microprocessor that has access to the USB transceiver.
This is needed to place the device into one of its four
operating modes: disabled, USB Hi-Speed (HS) mode,
USB low-speed (LS)/full-speed (FS) mode with automatic
host-charger port detection, and Apple iPhone/iPad fast-
charging mode (Table 2 and Table 3).

For proper operation, the module system software must
determine in which mode to place the device. When
the consumer USB access port is idle (i.e., user selects
playing FM, AM, or CD), the USB port could be placed
in Apple iPhone fast-charging mode to rapid charge an
Apple-compliant device. When the consumer USB port
is active (i.e., user selects the USB port), the USB port
must be placed in USB LS/FS mode with automatic host-
charger port detection to begin normal operation.

Disable Mode

This is the lowest power mode for the device. In this
mode, both the USB BUS power, HVD+ to D+ and HVD-
to D-, data paths are disabled. The system software must
select the disabled mode for a minimum of 100ms before
entering or exiting the Apple iPhone/iPad fast-charging
mode. This ensures a true hardware and software reset
for the attached peripheral so that it can properly detect
either normal operation or fast-charge mode upon power-

up.
Modes of Operation

USB-IF Dedicated Charging Port (DCP)

and Apple 2.1A with Autodetection

The devices feature an iPad/DCP autodetection mode for
emulating dedicated iPad 2.1A charging and USB-IF dedi-
cated charging ports (DCPs). See Table 2 and Table 3 for
correct values of EN (EN) and CHEN to activate the iPad/
DCP autodetection mode. In this mode, the high-voltage-
protected HVD+ and HVD- pins are disconnected from
the low-voltage D+ and D- pins and are initially connected
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to internal resistor-dividers to provide the proper Apple-
compliant iPad bias voltage. Data switches SA are opened
and switches SB are closed (Figure 8). Initially, the iPad
termination resistors are presented on the HVDz pins; the
devices then monitor the voltages at HVYD+ and HVD- to
determine the type of device attached.

If the voltage at HVD- is +1.5V (typ) (VBus x 0.3) or higher
and the voltage at HVD+ is +2.86V (typ) (VBus x 0.572)
or lower, the state remains unchanged and the iPad ter-
mination resistors remain present.

If the voltage at HVD- is forced below the +1.5V (typ)
(VBus x 0.3) threshold or if the voltage at HVD+ is forced
higher than the +2.86V (typ) (Vus x 0.572) threshold,
the internal switch disconnects HVD- and HVD+ from
the resistor-divider (iPad switch open) and HVD+ and
HVD- are shorted together for dedicated charging mode
(S2 closed).

Once the charging voltage is removed, the short between
HVD+ and HVD- is disconnected and the operation is
restarted with the internal resistor-divider bias voltages
appearing on HVD+ and HVD-.

USB-IF Dedicated Charging Port (DCP) and

Apple 1A with Autodetection

Each device features an iPhone/DCP autodetection mode
for emulating dedicated iPhone 1.0A charging and USB- IF
dedicated charging ports (DCPs). See Table 2 and Table 3
for correct values of EN (EN) and CHEN to activate
iPhone/DCP autodetection mode. In this mode, the high-
voltage-protected HVD+ and HVD- pins are disconnected
from the low-voltage D+ and D- pins and are initially con-
nected to internal resistor-dividers to provide the proper
Apple-compliant iPhone bias voltage. Data switches SA
are opened and switches SB are closed (Figure 8).

Initially, the iPhone termination resistors are presented
on the HVD+ pins. The devices then monitor the voltages
at HVD+ and HVD- to determine the type of peripheral
device attached.

If the voltage at HVD- is +2.3V (typ) (Vgys x 0.46) or
higher and the voltage at HVD+ is +2.3V (typ) (VBuUS
x 0.46) or lower, the state remains unchanged and the
iPhone termination resistors remain present.

If the voltage at HVD- is forced below the +2.3V (typ)
threshold or if the voltage at HVD+ is forced higher than
the +2.3V threshold, the internal switch disconnects HVD-
and HVD+ from the resistor-divider (iPhone switch open)
and HVD+ and HVD- are shorted together for dedicated
charging mode (S2 closed).
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Once the charging voltage is removed, the short between
HVD+ and HVD- is disconnected and the operation is
restarted with the internal resistor-divider bias voltages
appearing on HVD+ and HVD-.

USB Low-Speed/Full-Speed (LS/FS) Mode with
Automatic Host-Charger Port Protection

After a USB-compliant portable device detects V, , it is
allowed to check if the host device is a host charger by
applying a voltage to HVD+ and checking the voltage on
HVD-. At this time, it is assumed that HVD+ and HVD- are
logic-low, which means that the voltage is less than 0.8V
and CHEN is logic-high. The host charger port-detection
circuit is then enabled (Figure 8).

3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

When the portable device has connected in low-speed or
full-speed mode, either D+ or D- is logic-high upon enu-
meration, which disables the automatic charger-detection
circuit. The charger-detection circuitry is not enabled
again until a USB disconnect is detected which ensures
that USB communication is not interrupted by charger-
detection circuitry.

USB Hi-Speed (HS) Mode

USB Hi-Speed (HS) mode provides true pass-through
operation for USB Hi-Speed (480Mbps) data signals and
disables the USB host-charger port-detection circuitry.

See Table 2 and Table 3 for correct values of EN (EN)
and CHEN.

Table 2. MAX16972GEEA/V+, MAX16972GTEA/V+, MAX16972AGEEA/V+,

MAX16972AGTEA/V+ Operation

CHEN | EN (EN) IN SA SB MODE USB +5V DATA/CHARGE
0 1(0) 3.3V HS Mode On Data Only
0 0 (1) 3.3V 0 0 Disabled off off
. . LS FS Mode with
1 1(0) 3.3V On '=f OCDP On '=f ?DP CDP Auto to HS On Dat""C; :r“tiz Host
Mode 9ing
Data Off/Auto USB Host
1 0(1) 3.3V 0 1 iﬁg ﬁgﬁi;ﬁ on Charging and Apple 1A/
DCP Mode On
X X ov 0 0 Disabled off off

() For MAX16972; X = Don’t care.

Note: Operation described in this table is similar to MAX16969 to enable drop-in compatibility.

Table 3. MAX16972GEEB/V+, MAX16972AGEEB/V+, MAX16972AGTEB/V+ Operation

CHEN EN (ﬁ) IN SA SB MODE USB +5V DATA/CHARGE
. . LS FS Mode with
0 1(0) 33V On |_f CDP On |_f CDP CDP Auto to HS on Data + Aut.o Host
=0 =1 Charging
Mode
0 0(1) 3.3V 1 0 OTG Mode Off Data Only
Data Off/Auto USB Host
1 1(0) 3.3V 0 1 D/SE@Z?;;&;A On Charging and Apple
2.1A/DCP Mode On
Data Off/Auto USB Host
1 0(1) 3.3V 0 1 iﬁ; /dAeF:ZIceti;r? On Charging and Apple 1A/
DCP Mode On
X X oV 0 0 Disabled Off Off

() For MAX16972; X = Don't care.
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Figure 8. Host-Charger Port-Detection Circuit
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Applications Information

Forward-Current Limit

Each device allows the current limit of the power switch to
be set by a resistor. As shown in the forward-current limit
specification of the Electrical Characteristics table, the
typical current limit can vary by #20% to +25%. Assume
variation of £25% for forward-current limit between 500mA
and 1A. For current limit above 1A, assume +20% varia-
tion. The maximum expected current in the application
determines the worst-case minimum current limit value
to be set. It is recommended to have an additional 5%
mar- gin to prevent triggering the current limit at the maxi-
mum expected current limit in the application. To find the
correct value for RiggT, modify the desired current limit
value for the application (I v, miN) with a factor 1.33
(>1A) to 1.43 (<1A), which corresponds to the previously
mentioned variations including the 5% margin.

Equation 1:

ILim, TYP = factor X I v, MIN
The resistor value is then calculated as: follows:

Equation 2:

RisET = 35,650/ILjm, TYP
Examples for Rjggt are given in the Electrical
Characteristics table and correspond to 0.5A, 1.2A, 2.1A,
and 3.1A maximum current in the application.

The devices accommodate a forward current-limit range
of 500mA to 3A. The short-circuit peak current limit is set
20% higher than the forward-current limit.

Selecting the External n-Channel
DMOS Device

The external power DMOS device must be a 20V Vgsg

type. The charge pump generates approximately 7V Vgs,
which guarantees low Rgp for nonlogic-level devices.

Power-Supply Bypass Capacitor

Bypass HVBUS to GND with a 0.1yF ceramic capacitor
as close as possible to the USB connector to provide
+15kV (HBM) ESD protection. Parasitic inductance and
capacitance due to long wire lengths between the load
and HVBUS form an LC tank circuit, which can cause
overshoots that violate absolute maximum ratings.

Ferrite beads to reduce EMI should be placed between the
0.1uF ceramic connector capacitor and the HVBUS node.

Connect a 1Q resistor in series with a 10uF capacitor on
the HVBUS node to GND to avoid overshoots on HVBUS.
Bypass BUS to GND with a minimum 100uF, low-ESR
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ceramic capacitor to avoid large droops on BUS when
hot plugging discharged capacitors on HVBUS. A capaci-
tance of 100uF or more can already be present on the
BUS net (i.e., from an upstream converter output). If this
is the case, the MAX16972/MAX16972A do not require
this 100uF bypass capacitor as long as the impedance
between the existing capacitance and the BUS input pins
is low enough to avoid a droop of 330mV at the USB
receptacle during output current surges. For a HUB appli-
cation, there is a minimum of 120uF per port in order to
meet the USB specification.

Bypass IN to GND with 1yF ceramic capacitor. Place a
1kQ resistor between the logic supply and IN node to
ensure optimal ESD performance.

Wire Length

The wire length between USB peripheral and HVBUS,
HVD+, and HVD- should each be in the range of 0.5m to
5m for proper operation. This length range corresponds
to approximately 650nH to 6.5mH inductance. A minimum
wire length is required for limiting the current slew rate for
the short-to-battery and short-to-ground events.

Layout of USB Data Line Traces

USB Hi-Speed mode requires careful PCB layout with
90Q controlled differential impedance matched traces of
equal lengths. Insert tuning peaking inductors and capaci-
tors on both the HVD_and D_ pins to tune out parasitic
capacitance. The values are layout dependent. Contact
Maxim Applications for assistance.

+15kV ESD Protection

Maxim devices incorporate structures to protect against
electrostatic discharges that may be encountered during
handling and assembly.Maxim’s state-of-the-art struc-
tures protect against ESD of +15kV on HVD+, HVD-, and
HVBUS. The ESD structures withstand high ESD in all
states: normal operation, shutdown, and power-down.
While other solutions can latch up and require cycling
power to resume operation after an ESD event, this
device continues to work without latchup. The devices are
characterized for protection to the following limits:

1) £15KkV using the Human Body Model
2) +15kV using the IEC 61000-4-2 Air-Gap method

3) 18kV using the IEC 61000-4-2 Contact Discharge
method
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ESD Test Conditions

ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents test
setup, test methodology, and test results.

Human Body Model

Figure 9 shows the Human Body Model, and Figure 10
shows the current waveform it generates when dis-
charged into a low impedance. This model consists of a
100pF capacitor charged to the ESD voltage of interest,
which is then discharged into the device through a 1.5kQ
resistor.

IEC 61000-4-2

The IEC 61000-4-2 standard covers ESD testing and per-
formance of finished equipment. The devices help users
design equipment that meets Level 4 of IEC 61000-4-2.

3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

The Human Body Model testing is performed on unpow-
ered devices, while IEC 61000-4-2 is performed while the
device is powered. The main difference between tests
done using the Human Body Model and tests done using
IEC 61000- 4-2 is higher peak current in IEC 61000-4-
2 tests. Because series resistance is lower in the IEC
61000-4-2 ESD test model (Figure 11), the ESD withstand
voltage measured to this standard is generally lower than
that measured using the Human Body Model. Figure 12
shows the current waveform for the +8kV, IEC 61000-
4-2 Level 4, ESD Contact Discharge test. The Air-Gap
Discharge test involves approaching the device with a
charged probe. The Contact Discharge method requires
connecting the probe to the device before the probe is
energized.
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S S
CHARGE-CURRENT- DISCHARGE CHARGE-CURRENT- DISCHARGE
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VOLTAGE Cs —L_ STORAGE UNDER VOLTAGE Cs —L_ STORAGE UNDER
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Figure 9. Human Body Test Model Figure 11. IEC 61000-4-2 ESD Test Model
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Figure 10. Human Body Current Waveform

www.maximintegrated.com

Figure 12. IEC 61000-4-2 ESD Generator Current Waveform
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3A Automotive Hi-Speed USB
Protectors with Apple iPhone/iPad

and USB 2.0 Charge Detection
Typical Operating Circuit
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Ordering Information

3A Automotive Hi-Speed USB

Protectors with Apple iPhone/iPad

and USB 2.0 Charge Detection

PART PIN-PACKAGE ENABLE POLARITY USB MODES SUPPORTED
MAX16972GTEA/V+ 16 TQFN-EP* Low 1A/DCP
MAX16972GEEA/NV+ 16 QSOP Low 1A/DCP
MAX16972GEEB/V+ 16 QSOP Low 1A/2.1A/DCP, OTG
MAX16972GTEB/V+ 16 TQFN-EP* Low 1A/2.1A/DCP, OTG
MAX16972AGTEA/V+ 16 TQFN-EP* High 1A/DCP
MAX16972AGEEA/V+ 16 QSOP High 1A/DCP
MAX16972AGTEB/V+ 16 TQFN-EP* High 1A/2.1A/DCP, OTG
MAX16972AGEEB/V+ 16 QSOP High 1A/2.1A/DCP, OTG

Notes: All devices operate over the -40°C to +105°C temperature range and support USB CDP/HS modes.
To order tape and reel, add a T at the end of the part (e.g., MAX16972GEEB/V+T).
/V Denotes an automotive-qualified part.

+ Denotes a lead(Pb)-free/RoHS-compliant package.

*EP = Exposed pad.

www.maximintegrated.com
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Revision History

3A Automotive Hi-Speed USB

Protectors with Apple iPhone/iPad
and USB 2.0 Charge Detection

Supply Bypass Capacitor section, Typical Operating Circuit, and Ordering Information

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 7/18 Initial release —

Corrected various typos and made updates to the Electrical Characteristics table, 4 12 1317
1 8/18 Figure 5, Figure 6, Figure 7, TOC 19, TOC 24, TOC 25, Pin Description, Power- 1é 2é 2% Zé

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits)
shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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