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ISOUSB211 High/Full/Low Speed Isolated USB Repeater

1 Features

*  Compliant to USB 2.0

» Supports low speed (1.5 Mbps), full speed
(12Mbps) and high speed (480Mbps) signaling

* Does not need external crystal or clock input

* Automatic speed and connection detection

» Supports L1 (sleep) and L2 (suspend) low-power
states

*  Programmable equalization to compensate board
trace loss in high speed mode

» CDP advertising on downstream side

»  Supply OK indication on opposite side

» Supports automatic role reversal for USB On-The-
Go (OTG) and Type-C® Dual Role Port (DRP)
designs

* High CMTI: 100kV/us

» 18kV IEC 61000-4-2 contact discharge protection
across isolation barrier

* Vpys voltage range: 4.25V to 5.5V
— 3.3V and 1.8V internal LDOs

* Meets CISPR32 class B emissions limits

* Ambient temperature range: —40°C to 125°C

* Small footprint 28-SSOP package

« Safety-related certifications:

- SOOOVPK VIOTM and 2121VPK VIORM
(Reinforced) per DIN EN IEC 60747-17 (VDE
0884-17)

— 5700VRys isolation for 1 minute per UL 1577

— |EC 62368-1, IEC 60601-1 and IEC 61010-1
certifications

— CQC, TUV and CSA certifications

2 Applications

* USB Hub, Host, Peripheral and Cable Isolation
*  Medical

» Factory automation

* Motor drives

» Grid infrastructure

» Power delivery

+ USB Audio
Upstream — 3.3 V (local supply)
Port ISOUSB211
Connector | Vapava
] |
—*——| Veust | Veus2 * VCC
0 uD+ | DD+ v pp Peripheral
UsSB MCU
HOST up- | DD- DM
|
el | GND2 GND
— | 7
Galvanic
Isolation Barrier PERIPHERAL

Application Diagram

3 Description

ISOUSB211 is a galvanically-isolated USB 2.0
compliant repeater supporting low speed (1.5Mbps),
full speed (12Mbps) and high speed (480Mbps)
signaling rates. The device supports automatic
connect and speed detection, reflection of pull-ups/
pull-downs, and link power management allowing
drop-in  USB hub, host, peripheral and cable
isolation. The device also supports automatic role
reversal - if after disconnect, a new connect is
detected on the Upstream facing port, then the
Upstream and Downstream port definitions are
reversed. This feature enables the device to support
USB On-The-Go (OTG) and Type-C Dual Role
Port (DRP) implementations. The ISOUSB211 has
inbuilt programmable equalization to cancel signal
loss caused by board traces, which helps in
meeting USB2.0 high-speed TX and RX eye-diagram
templates. This device uses a silicon dioxide (SiO,)
insulation barrier with a withstand voltage of up
to 5700Vrms and a working voltage of 1500VRys.
Used in conjunction with isolated power supplies, the
device protects against high voltage, and prevents
noise currents from the bus from entering the local
ground. The ISOUSB211 device is available for
reinforced isolation. The device supports a wide
ambient temperature range of —40°C to 125°C. The
device is available in the small foot-print SSOP-28
(28-DP) package.

Package Information
PACKAGE!(") PACKAGE SIZE®
SSOP (28) DP 10.30mm x 7.50mm

PART NUMBER
ISOUSB211

(1)  For more information, see Section 11.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

Device Information

PART NUMBER FEATURE RATING

Protection Level Reinforced
Surge Isolation
Voltage 12800Vek

IsousB211 (1)
Isolation Rating 5700VRrus
Isolation Working 1500VRums /
Voltage 2121Vpk

(1) Reinforced Isolation Option.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Pin Configuration and Functions

e “
O
Vaus 1 28 [ 1 Vausy
Vapayr ] 2 27 [ ] Vapayy
GND1 3 26 || GND2
Vipgyr ] ¢ 25 | ] Vipgyy
Voot 5 24 | 1 Vee,
V20K 6 23 | ] wviok
uD- 7 8 2 |_] oo
=
<<
UD+ 8 é 21 | ] ob+
EQ10 9 20 | Eaq20
EQ11 10 19 | ] EQet
Vipgyr ] 18 ] Vipgy,
GND1 12 17 |__] onp2
CDPENZ1 13 16 |__] cppeNz2
NC 14 15 | ] NC
\ J
Not to scale
Figure 4-1. DP Package 28-Pin SSOP Top View
Table 4-1. Pin Functions—28 Pins
PIN @
Type DESCRIPTION
NO. NAME

Input Power Supply for Side 1. If a 4.25 V to 5.5 V (example USB power bus) supply is available
1 Vgus1 — connect the supply to Vgys1. In this case an internal LDO generates V3p3y4. Else, connect Vgys1 and
V3p3y1 to an external 3.3 V power supply.

Power Supply for Side 1. If a 4.25 V to 5.5 V supply is connected to Vgys1 connect a bypass capacitor
2 V3p3v1 — between V3p3y4 and GND1. In this case an internal LDO generates V3p3y4. Else, connect Vgyst and
V3p3y1 to an external 3.3 V power supply.

3 GND1 — Ground 1. Ground reference for Isolator Side 1.

Power Supply for Side 1. If a 2.4 V to 5.5 V supply is connected to V1 connect a bypass capacitor
4 V4pgv1 — between V4pgy4 and GND1. In this case an internal LDO generates V4pgy1. Else, connect Vcq and
V4pgy1 to an external 1.8 V power supply.

Input Power Supply for Side 1. If a 2.4 V to 5.5 V (example USB power bus, or a DC-DC supply derived
5 Veet — from USB power bus) supply is available connect the supply to V¢c4. In this case an internal LDO
generates V4pgy4. Else, connect Vccq and V4pgy4 to an external 1.8 V power supply.

6 V20K O High level on this pin indicates that side 2 is powered up.
7 uD- 110 Upstream facing port D-.
8 UD+ I/0  |Upstream facing port D+.
9 EQ10 | Equalization setting for Side 1, LSB. Logic Input.
10 EQ11 | Equalization setting for Side 1, MSB. Logic Input.
1 V4pgv1 — Connect pin 11 to pin 4, with local bypass capacitors near pin 11.
12 GND1 — Ground 1. Ground reference for Isolator Side 1.
13 CDPENZ1 Active low signal. Enables CDP advertising on UD+/UD- pins.
14 NC — Leave floating or connect to V3psy1.
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Table 4-1. Pin Functions—28 Pins (continued)

PIN @
Type DESCRIPTION
NO. NAME
15 NC — Leave floating or connect to Vzpzy».
16 CDPENZ2 Active low signal. Enables CDP advertising on DD+/DD- pins.
17 GND2 — Ground 2. Ground reference for Isolator Side 2.
18 V4pgv2 — Connect pin 18 to pin 25, with local bypass capacitors near pin 18.
19 EQ21 | Equalization setting for Side 2, MSB. Logic Input.
20 EQ20 | Equalization setting for Side 2, LSB. Logic Input.
21 DD+ I/O  |Downstream facing port D+.
22 DD- I/O  |Downstream facing port D-.
23 V10K O High level on this pin indicates that side 1 is powered up.
Input Power Supply for Side 2. If a 2.4 V to 5.5 V (example USB power bus, or a DC-DC supply derived
24 Vee2 — from USB power bus) supply is available connect the supply to V¢co. In this case an internal LDO
generates V4pgy». Else, connect Vco and Vqpgyo to an external 1.8 V power supply.
Power Supply for Side 1. If a 2.4 V to 5.5 V supply is connected to V¢, connect a bypass capacitor
25 V4pgv2 — between V4pgy> and GND2. In this case an internal LDO generates V4pgy». Else, connect V¢, and
V4pgv2 to an external 1.8 V power supply.
26 GND2 — Ground 2. Ground reference for Isolator Side 2.
Power Supply for Side 2. If a 4.25 V to 5.5 V supply is connected to Vgys, connect a bypass capacitor
27 V3pay2 — between V3p3y2 and GND1. In this case an internal LDO generates V3pay2. Else, connect Vgys, and
V3p3y2 to an external 3.3 V power supply.
Input Power Supply for Side 2. If a 4.25 V to 5.5 V (example USB power bus) supply is available
28 Vgus2 — connect the supply to Vgys». In this case an internal LDO generates V3p3y». Else, connect Vgys, and
V3p3y2 to an external 3.3 V power supply.

(1)

| = Input, O = Output
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5 Specifications

5.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)(') 2

MIN MAX UNIT
Vgus1, VBus2 Vgys supply voltage -0.3 6 \Y
Vee1, Vee2 V¢ supply voltage -0.3 6 \%
V3pav1, Vapsv2 3.3-V input supply voltage -0.3 4.25 \%
V1psv1, Vipsv2 1.8-V input supply voltage -0.3 2.1 \%
Vorou Voltage on bus pins (UD+, _UD-, DD*_-, DD-) 1000 total number of -0.3 6 v
short events and cummulative duration of 1000 hrs.
Vio 10 voltage range (V*OK, EQ*, CDPENZ*) -0.3  V3pay*0.30) \Y
lo Output current on output pins (V*OK) -10 10 mA
T, Junction temperature 150 °C
Tste Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) All voltage values are with respect to the local ground terminal (GND1 or GND2) and are peak voltage values.

(3) Maximum voltage must not exceed 4.25 V

5.2 ESD Ratings

VALUE UNIT

Charged device model (CDM), per JEDEC

specification JESD22-C101, all pins(") 500 v

V(Esp) Electrostatic discharge

(1) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VBusx Vgus input voltage (inclusive of any ripple) 4.25 5 5.5 \%
V3p3vx 3.3-V input supply voltage (inclusive of any ripple) 3.0 3.3 3.6 \Y
Veex Input voltage to internal 1.8V LDO (inclusive of any ripple) 24 3 5.5 \Y
V1pgvx 1.8-V input supply voltage (inclusive of any ripple) 1.71 1.8 1.94 \Y
Ta Operating free-air temperature —40 125 °C
T, Junction temperature -55 150 °C
Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 5
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5.4 Thermal Information

ISOUSB211
THERMAL METRIC(") DP (SSOP) UNIT
28 PINS
Roya Junction-to-ambient thermal resistance 44.2 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 13.9 °C/W
Ross Junction-to-board thermal resistance 19.0 °C/W
Wyt Junction-to-top characterization parameter 3.3 °C/W
WiB Junction-to-board characterization parameter 18.4 °C/W
Reuc(pot) Junction-to-case (bottom) thermal resistance - °C/W

M

5.5 Power Ratings

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
note.

PARAMETER

TEST CONDITIONS

MIN TYP MAX| UNIT

ISOUsSB211

Pp

Maximum power dissipation (both sides)

Vus1 = Veus2 = Vect1 = Vec2 = 5.5V,
T,=150°C, R_ =50 Q each on DD-

and DD+ to GNDx, input a 240-MHz 50%
duty cycle adifferential 0 to 400mV swing
signal on UD- and UD+

1232 mw

Maximum power dissipation (side-1)

VBus1 = Veus2 = Vect1 = Vec2 = 5.5V,
T,=150°C, R_ =50 Q each on DD-

and DD+ to GNDx, input a 240-MHz 50%
duty cycle adifferential 0 to 400mV swing
signal on UD- and UD+

616 mw

Pp2

Maximum power dissipation (side-2)

VBus1 = Veus2 = Vect1 = Vec2 = 5.5V,
T,=150°C, R_ =50 Q each on DD-

and DD+ to GNDx, input a 240-MHz 50%
duty cycle adifferential 0 to 400mV swing
signal on UD- and UD+

616 mw
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5.6 Insulation Specifications

SPECIFIC
PARAMETER TEST CONDITIONS ATIONS | yNIT
DP-28
IEC 60664-1
CLR External clearance(!) Side 1 to side 2 distance through air >8.15 mm
CPG External Creepage(") Side 1 to side 2 distance across package surface >8.15 mm
DTI Distance through the insulation Minimum internal gap (internal clearance) >21 um
CTI Comparative tracking index IEC 60112; UL 746A >600 \%
Material Group According to IEC 60664-1 |
Rated mains voltage < 600 Vgrus -1V
Overvoltage category -
Rated mains voltage < 1000 Vgys 1111
DIN EN IEC 60747-17 (VDE 0884-17)(2)
Viorm | Maximum repetitive peak isolation voltage AC voltage (bipolar) 2121 Vpk
AC voltage (sine wave); time-dependent dielectric
. . . . . 1500 VRrms
Viowm | Maximum isolation working voltage breakdown (TDDB) test;
DC voltage 2121 Vpe
. . . Tested in oil (qualification test), 1.2/50-ys waveform
(3)
Viosm | Maximum surge isolation voltage per IEC 62368-1 12800 Vpk
Method a: After I/O safety test subgroup 2/3, Vi = <5
Viotws tini = 60 8; Vpgm) = 1.2 * Viorm, tn = 10's B
Method a: After environmental tests subgroup 1, Vi, =
Viotm. tini = 60 s; <5
pd Apparent charge® Ved(m =16 X Viorw, tm = 10's pC
Method b: At routine test (100% production);
Vini=1.2 x Viorm, tini = 1s; <5
Vpd(m) = 1.875 x VIORM, tm = 1 s (method b1) or -
Vpd(m) = Vini, tm = tini (method b2)
Coo Barrier capacitance, input to output(® Vo = 0.4 x sin (2 pft), f= 1 MHz 1.2 pF
Vio =500V, Tp =25°C > 1012
Rio Insulation resistance, input to output(®) Vio =500V, 100°C < Tp < 125°C > 10" Q
V|0 =500V at Tg = 150°C >10°
Pollution degree 2
Climatic category 40/125/21
UL 1577
. . . V1est = Viso,t=60s (qualification); VigsT=1.2 %
Viso Withstand isolation voltage Viso,t=1 s (100% production) 5700 VRMs

(1)  Care must be taken during board design so that the mounting pads of the isolator on the printed-circuit board (PCB) do not reduce
creepage and clearance. Inserting grooves, ribs or both can help increase creepage distance on the PCB.
(2) ISOUSB211 is suitable for safe electrical insulation only within the safety ratings. Compliance with the safety ratings shall be ensured

by means of suitable protective circuits.

(3) Testing is carried out in oil to determine the intrinsic surge immunity of the isolation barrier.
(4) Apparent charge is electrical discharge caused by a partial discharge (pd).
(5) All pins on each side of the barrier tied together creating a two-pin device.

Copyright © 2025 Texas Instruments Incorporated
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5.7 Safety-Related Certifications

VDE CSA UL cac TUV

Certified according to DIN | Certified according to IEC |Recognized under
EN IEC 60747-17 (VDE 61010-1, IEC 62368-1 and | UL 1577 Component

Certified according to GB | Certified according to EN

0884-17) IEC 60601-1 Recognition Program 4943.1 61010-1 and EN 62368-1
Certificate number: Certificate:
40040142 Master contract: 220991 File number: E181974 ) Client ID: 77311

CQC15001121716

5.8 Safety Limiting Values

Safety limiting(!) intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

DP-28 PACKAGE

Regya = 44.2°C/W, V, =55V, T; = 150°C,

Th = 25°C 514 mA
Is Safety input, output, or supply current Rle N ‘:',4'2 C/W, V=36V, T,=150°C, 785 mA

Ta=25°C

Rgya = 44.2°C/W, V,=1.94 V, T, = 150°C,

Ta =25°C 1457 mA
Ps Safety input, output, or total power Rgya =44.2°C/W, T; = 150°C, Tp = 25°C 2828 mW
Ts Maximum safety temperature 150 °C

(1) The maximum safety temperature, Tg, has the same value as the maximum junction temperature, T, specified for the device. The
Is and Ps parameters represent the safety current and safety power respectively. The maximum limits of Is and Ps should not be
exceeded. These limits vary with the ambient temperature, Ta.

The junction-to-air thermal resistance, Rgyp, in the table is that of a device installed on a high-K test board for leaded surface-mount
packages. Use these equations to calculate the value for each parameter:

T, =Ta + Rgya * P, where P is the power dissipated in the device.

Tymax) = Ts = Ta + Rgya % Ps, where T may) is the maximum allowed junction temperature.

Ps =g x V|, where V| is the maximum input voltage.
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5.9 Electrical Characteristics

Over recommended operating conditions (unless otherwise noted). All typical values are at Tp = 25°C, Vgysx = 5V, V3pavx =
3.3 V, V1P8Vx =1.8V.

voltage is rising, Vpus

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY CHARACTERISTICS
Receive side HS Active (240 MHz
signal rate), EQxx = 00, R =45 Q to 11.0 13.5] mA
ground on D+ and D-
| orl Vpgus or Vspzy current consumption - Transmit side HS Active (240 MHz
VBUSX P IV8P3VX | High Speed (HS) mode signal rate), EQxx = 00, R,= 45 Q to 10.5 135] mA
ground on D+ and D-
HS Idle State, EQxx = 00, R. =45 Q to
ground on D+ and D- 105 135 mA
Receive side FS Active (6 MHz signal
rate), Figure 7-9, C_ = 50 pF 12 153 mA
Transmit side FS Active (6 MHz signal
: _ 9.5 13| mA
Vgus Or V3pay current consumption - rate), Figure 7-9, C, =50 pF
lvusx or lvapsvx |Full Speed (FS) and Low Speed (LS) Receive side LS Active (750 kHz signal 1 135 mA
modes rate), Figure 7-10, C, = 450 pF '
Transmit side LS Active (750 kHz signal
rate), Figure 7-10, C, = 450 pF 9.5 3] mA
FS/LS Idle State (US side or DS side) 7.4 11| mA
| of | Vgys Or Vapay current consumption - L1 | Upstream Facing side 7.5 9.8| mA
VBUSXTT VSP3VX | Sleep mode Downstream Facing side 7.3 9.5 mA
Vgys or Vapay current consumption - L2 | Upstream Facing side 1.07 1.55| mA
IvBUsx OF IvaP3vx | g eend mode —

p Downstream Facing side 5.6 7.5 mA
| orl Vgus Or Vapay Current consumption - Upstream Facing side 6.2 8.5 mA
VBUSX T V3PSV | Not attached Downstream Facing side 6.2 89| mA

Receive side HS Active (240 MHz
signal rate), EQxx = 00, R. =45 Q to 80 96| mA
ground on D+ and D-
| orl lycex or lyqpgvx current consumption - Transmit side HS Active (240 MHz
VCCx 2 VIP8VX | High Speed (HS) mode signal rate), EQxx = 00, R, =45 Q to 85 96| mA
ground on D+ and D-
HS Idle State, EQxx = 00, R_ =45 Q to
ground on D+ and D-. 7 90| mA
Receive side FS Active (6 MHz signal
rate), Figure 7-9, C, = 50 pF 04 055 mA
Transmit side FS Active (6 MHz signal
) _ 0.4 0.55| mA
lvcex Or ly1pgvx current consumption - rate), Figure 7-9, C, = 50 pF
lyeex or lvqpgvx | Full Speed (FS) and Low Speed (LS) Receive side LS Active (750 kHz signal 0.4 055 mA
modes rate), Figure 7-10, C_ = 450 pF ' ’
Transmit side LS Active (750 kHz signal
rate), Figure 7-10, C_= 450 pF 04 055 mA
FS/LS Idle State 0.4 0.55| mA
lycex OF ly1pgyx current consumption - | Upstream Facing side 0.4 0.55| mA
lveex O lvipavx || 4'g d -
eep moade Downstream Facing side 0.4 0.55| mA
| or | lvcex OF ly1pgyy current consumption - | Upstream Facing side 0.4 0.55| mA
Veex VI8V 11 2 Suspend mode Downstream Facing side 0.4 0.55| mA
| or | lvcex Or ly1pgyy current consumption - | Upstream Facing side 0.4 0.55| mA
VEOx T VIPBYX | Not attached Downstream Facing side 0.4 0.55| mA
UV+wBusy) ) Under voltage threshold when supply 40| v
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Over recommended operating conditions (unless otherwise noted). All typical values are at Tp = 25°C, Vgysx = 5V, Vapayx =

3.3 V, V1P8VX =1.8V.
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Under voltage threshold when supply
- Q)]
UV-vBusy voltage is falling, Vgus 3.6 v
UVHYS vausy ) \L}lnder voltage threshold hysteresis, 0.08 Vv
BUS
Under voltage threshold when supply
UV*(vapavx voltage is rising, Vapay 295V
3 Under voltage threshold when supply
UV-(vapavx voltage is falling, Vapsy 1.95 v
UVHYS vapavy) Under voltage threshold hysteresis, 0.11 v
Vapay
Under voltage threshold when supply
2
UV*veex voltage is rising, Vec 235V
Under voltage threshold when supply
- ()
UV-veex voltage is falling, Vec 2 v
UVHYSyccx) @ |Under voltage threshold hysteresis, Ve 0.07 \%
Under voltage threshold when supply
UV*v1pavy voltage is rising, V1pgy 166V
3 Under voltage threshold when supply
UV-(v1pevx voltage is falling, Vqpgy 1.25 v
UVHYS y1pevy) \L;nder voltage threshold hysteresis, 0.05 Vv
1P8V
DIGITAL INPUTS
. . 0.7 x
ViH High-level input voltage V
Vapvax
Vi Low-level input voltage 0.3x V
Vapvax
Viuys Input transition threshold hysteresis 0.3 \%
Iy High-level input current 11 pA
I Low-level input current 10| pA
DIGITAL OUTPUTS (V10K, V20K)
Von High-level output voltage lo=-3mAfor3.0V < Vapay<3.6V V3P3\6X2' \Y
VoL Low-level output voltage lo=3mAfor3.0V <V3pz 3.6V 02| V
UDx, DDx, INPUT CAPACITANCE AND TERMINATION
Vin=3.6 V, V3pzx=3.0V, T; < 125 °C,
ZINP_xDx Impedance to GND, no pull up/down USB 2.0 Spec Section 7.1.6 300 kQ
Cio_xox Capacitance to GND Mf;sured with VNA at 240MHz, Driver 10| pF
Bus Pull up Resistor on Upstream .
Rpui Facing Port (idle) USB 2.0 Spec Section 7.1.5 0.9 1.1 1.575| kQ
Bus Pull up Resistor on Upstream .
Rpur Facing Port (receiving) USB 2.0 Spec Section 7.1.5 1.5 22 3| kQ
Rep Bus Pull-down Resistor on Downstream | ;o5 5 o gpe¢ Section 7.1.5 14.25 19 24.8| kQ
Facing Port
USB 2.0 Spec Section 7.1.5, measured
V Termination voltage for Upstream facing |on D+ or D-, pull up enabled 3 36| v
TERM port pullup (RPU) on upstream port, external load :
disconnected.
L s USB 2.0 Spec Section 7.1.6.2, output
VHSTERM Termination voltage in high speed voltage in high-speed idle state -10 10| mV
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Over recommended operating conditions (unless otherwise noted). All typical values are at Tp = 25°C, Vgysx = 5V, Vapayx =
3.3 V, V1P8VX =1.8V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
z Driver Output Resistance (which also (VOH= 0 to 600mV) USB 2.0 Spec 405 45 495 O
HSTERM serves as high-speed termination) Section 7.1.1.1 and Figure 7-5 . .
UDx, DDx, INPUT LEVELS LS/FS
Vig High (driven) USB 2.0 Spec Section 7.1.4 (measured 2 vV
at connector)
USB 2.0 Spec Section 7.1.4
. . (Downstream port pull down, and
Vinz High (floating) upstream port pull-up resistors 27 38|V
enabled).
Vi Low USB 2.0 Spec Section 7.1.4 08| V
) . o |(xD+)-(xD-)|; USB 2.0 Spec Figure
Vp Differential Input Sensitivity 7-19: (measured at connector) 0.2 \Y
Includes VDI range; USB 2.0 Spec
Vem Common Mode Range Figure 7-19; (measured at connector) 0.8 25V
UDx, DDx, OUTPUT LEVELS LS/FS
USB 2.0 Spec Section 7.1.1, measured
Vo Low with RL of 0.9 kQ to 3.6 V 0 03 VvV
. . USB 2.0 Spec Section 7.1.1, measured
Vo High (Driven) with RL of 14.25 kQ to GND 28 36V
Vose1 SE1 USB 2.0 Spec Section 7.1.1 0.8 \Y
. . . USB 2.0 Spec Section 7.1.1 and Figure
ZESTERM Driver Series Output Resistance 7-4, measured during VOL or VOH 28 4| Q
USB 2.0 Spec Section 7.1.1 Figures
VcRrs Output Signal Crossover Voltage 7-8, 7-9 and 7-10; Excluding the first 1.3 2V
transition from the Idle state
UDx, DDx, INPUT LEVELS HS
High-speed squelch/no-squelch USB 2.0 Spec Section 7.1.7.2,
Vhssa de?ecﬁ‘;n thre‘lhol A q measured at 240MHz with increasing 100 116 150| mv
amplitude, Vcepy=-50mV to 500mV
High-speed disconnect detection USB 2.0 Spec Section 7.1.7.2, Vg =
Vhspsc threshold pgpc typical values -50 mV to 500 mV 525 575 625| mv
. . Chirp detection threshold, V¢ = -50
VCHIRP_TH Chirp detection threshold mV to 500 mV 70 215 365 mV
High-speed differential input signaling
VHsrx levels data sensitivity Peak-to-peak at 240 MHz 100 mV
Visen High-speed data signaling common | ;55 » o6 Section 7.1.4.2 50 200 500 mv
mode voltage range
UDx, DDx, OUTPUT LEVELS HS
. . . . USB 2.0 Spec Section 7.1.7.2, EQxx =
VusoH High-speed data signaling high 00, Test load: 45 O to GND on D+, D- 360 400 440, mV
. . . USB 2.0 Spec Section 7.1.7.2, EQxx =
VyusoL High-speed data signaling low 00, Test load: 45 O to GND on D+, D- -10 10| mV
v off lormination 4 on (memaured single | USB 20 Spec Section 74.7.2,EQux = |y 10| mv
Hsol 9% 100, Test load: 45 Q to GND on D+, D-
ended)
USB 2.0 Spec Section 7.1.7.2, EQxx
VCHIRPY Chirp J level (differential voltage) =00, Test load: 45 Q to GND on D+, 700 850 1100 mV
D-, 2.2 kQ pull-up to 3.3 V on D+
USB 2.0 Spec Section 7.1.7.2, EQxx =
VCHIRPK Chirp K level (differential voltage) 00, Test load: 45 Q to GND on D+, D-, -900 -750 -500| mV
2.2 kQ pull-up to 3.3 V on D+
U2_TXcm High-speed TX DC Common Mode Test load: 45 Q to GND on D+, D- -50 200 500 mvV
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Over recommended operating conditions (unless otherwise noted). All typical values are at Tp = 25°C, Vgysx = 5V, Vapayx =

3.3V, Vipgyx = 1.8 V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
EQUALIZATION AND PRE-EMPHASIS
EQps High-speed RX Equalization EQ1=low, EQO=low, 240MHz -0.24 0.46 0.75| dB
EQus High-speed RX Equalization EQ1=low, EQO=float, 240MHz 0.27 0.98 15| dB
EQus High-speed RX Equalization EQ1=low, EQO=high, 240MHz 0.70 1.50 22| dB
EQus High-speed RX Equalization EQ1=float, EQO=low, 240MHz 1.04 2.00 281 dB
EQus High-speed RX Equalization EQ1=float, EQO=float, 240MHz 1.45 2.68 3.8 dB
EQus High-speed RX Equalization EQ1=float, EQO=high, 240MHz 1.73 3.09 44| dB
EQus High-speed RX Equalization EQ1=high, EQO=low, 240MHz 2.00 3.46 47| dB
EQus High-speed RX Equalization EQ1=high, EQO=float, 240MHz 2.25 3.80 51| dB
EQps High-speed RX Equalization EQ1=high, EQO=high, 240MHz 2.25 3.80 51| dB
PEus High-speed TX Pre-emphasis EQ1=low, EQO=low, 240MHz 0.25 0.48 0.75| dB
PEus High-speed TX Pre-emphasis EQ1=low, EQO=float, 240MHz 0.62 0.9 1.2| dB
PEus High-speed TX Pre-emphasis EQ1=low, EQO=high, 240MHz 0.89 1.36 15| dB
PEys High-speed TX Pre-emphasis EQ1=float, EQO=low, 240MHz 1.4 1.7 20| dB
PEys High-speed TX Pre-emphasis EQ1=float, EQO=float, 240MHz 1.7 21 25| dB
PEys High-speed TX Pre-emphasis EQ1=float, EQO=high, 240MHz 21 2.5 29| dB
PEus High-speed TX Pre-emphasis EQ1=high, EQO=low, 240MHz 2.7 3.2 3.7 dB
PEus High-speed TX Pre-emphasis EQ1=high, EQO=float, 240MHz 3.4 4.0 46| dB
PEus High-speed TX Pre-emphasis EQ1=high, EQO=high, 240MHz 3.4 4.0 46| dB
CDP
Vou sre VDM_SRC Voltage tzad Current in the range of 0 to 250 05 07| v
Ipp_siNK IDP_SINK (D+) D+ Voltage =0V to 0.7 V 25 175| pA
VDAT REF+ VDAT_REF comparator rising threshold 300 400 mV
VDAT REF- VDAT_REF comparator falling threshold 275 385 mvV
THERMAL SHUTDOWN
TSD+ Thermal shutdown turn-on temperature 160 170 180| °C
TSD- Thermal shutdown turn-off temperature 150 160 170| °C
TSDhys Thermal shutdown hysteresis 10 °C

(1)
@)

If Vgusx pins are externally connected to the corresponding V3payy pins, then UVLO thresholds on Vgygy are governed

by UV+wvapsvx) » UV-(vapsvx) and UVHYSy3pavx)

If Vcex pins are externally connected to the corresponding Vipgyy pins, then UVLO thresholds on Ve, are governed by UV+y1pgyy) »
UV-(v1pavx) @and UVHY Sy 1pgyx)
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5.10 Switching Characteristics

Over recommended operating conditions (unless otherwise noted). All typical values are at Tp = 25°C, Vgysx = 5V, V3pavx =
3.3 V, V1P8Vx =1.8V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
POWER-UP TIMING
Time taken for the device to power up, and
T recognize USB signaling, after valid power |All external power supplies are ramped up 36 sl ms
PWRUP supply is provided on both side 1 and side  |together with 5 us power up time. .
2.
UDx, DDx, HS Driver Switching Characteristics
. ) USB 2.0 Spec Section 7.1.2, 45 Q to GND loads
o/ _ o, ’
Thsr Rise Time (10% - 90%) on D+ and D-, EQxx = 00 310 370 510| ps
) USB 2.0 Spec Section 7.1.2, 45 Q to GND loads
o/ _ o, ’
Thsk Fall Time (10% - 90%) on D+ and D-, EQxx = 00 310 370 510| ps
UDx, DDx, FS Driver Switching Characteristics
Ter Rise Time (10% - 90%) USB 2.0 Spec Figures 7-8, 7-9, C_ = 50 pF 20| ns
Tee Fall Time (10% - 90%) USB 2.0 Spec Figures 7-8, 7-9, C_ = 50 pF 20| ns
T Differential Rise and Fall Time Matching USB 2.0 Spec 7.1.2, Excluding first transition 90 1111 o
FRFM (Ter/TEm) from Idle state, Figure 7-9, C, = 50 pF : °
UDx, DDx, LS Driver Switching Characteristics
. ) USB 2.0 Spec Figures 7-8 and 7-10, with
o/ _ o,
TR Rise Time (10% - 90%) C, range 50 pF to 600 pF. 75 300| ns
) USB 2.0 Spec Figures 7-8 and 7-10, with
o/ _ o,
ToF Fall Time (10% - 90%) C, range 50 pF to 600 pF. 75 300| ns
T Rise and Fall Time Matching (TLR/TFM), USB 2.0 Spec Figures 7-8 and 7-10, with 80 125 o
LRFM Excluding first transition from idle state. C_ range 50 pF to 600 pF. °
REPEATER TIMING - CONNECT, DISCONNECT, RESET, L1, L2
Debounce filter on FS or LS Connect
TRLTCONN | Datection 45 70 80| us
T Time to detect disconnect at the DS facing 2 7 s
DDIS port in LS/FS LO mode. H
T Time taken to detect reset on US port in 0 7 s
DETRST || S/FS LO mode M
Time taken by the US side to detect
Tosusp suspend (L2) and draw less than 2.5 mA 3 10| ms
current when bus is continuously in Idle
Maximum time to detect resume on the US
toresumeL1 | and reflect/drive resume on the DS port 1 us
from sleep/L1 state.
Maximum time to detect resume on the US
tpresumeL2 |and reflect/drive resume on the DS port 130 s
from suspend/L2 state.
¢ Maximum time to detect and propagate 5 s
DWAKELT | remote wake when in sleep/L1 state. H
Maximum pulse width of remote wake
tDWAKEL2 that is guranteed to be detected when in 900| s
suspend/L2 state.
Minimum duration of resume driven
tprsmProOP | Upstream and downstream after detecting 1 ms
remote wake when in suspend/L2 state.
PK-PK common mode noise, Vcempkpk = 1200
CMTI Common mode transient immunity V, with (xD+, xD-) set to (V3p3vx, 0), (0, Vapayx) 50 100 kV/us
or (0,0). See Figure 6-3
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Over recommended operating conditions (unless otherwise noted). All typical values are at Tp = 25°C, Vgysx = 5V, Vapayx =
3.3 V, V1P8VX =1.8V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
REPEATER TIMING - LS, FS
TLsoD EZ‘;:;peed Differential Data Propagation | \,5p 5  spec section 7.1.14. Figure 7-52(C). 358 ns
TLsop LS Data bit-width distortion after SOP USB 2.0 spec section 7.1.14. Figure 7-52(C). -40 25| ns
TLsup LS repeater additive jitter - paired transition |USB 2.0 spec section 7.1.14. Figure 7-52(C). -5 5| ns
TLsIN LS repeater additive jitter - next transition USB 2.0 spec section 7.1.14. Figure 7-52(C). -7.0 7.0 ns
Minimum width of SEO interval during LS
TisT differential transition - filtered out by the USB 2.0 spec section 7.1.4. 210 ns
repeater
TLeOPD Repeater EOP delay relative to T\ spp USB 2.0 spec section 7.1.14. Figure 7-53(C). 0 200| ns
T esk E(E)(;,Skew caused by the repeater during LS | \yqp 5 o spec section 7.1.14. Figure 7-53(C). -100 100| ns
Trspp E‘;'I'speed Differential Data Propagation ;g5 5 o gpec section 7.1.14. Figure 7-52(C). 70| ns
Tesop FS Data bit-width distortion after SOP USB 2.0 spec section 7.1.14. Figure 7-52(C). -10 10| ns
Tesip FS repeater additive jitter - paired transition |USB 2.0 spec section 7.1.14. Figure 7-52(C). -2 2| ns
TEsuN FS repeater additive jitter - next transition USB 2.0 spec section 7.1.14. Figure 7-52(C). -6.0 6.0 ns
Minimum width of SEO interval during FS
TEsT differential transition - filtered out by the USB 2.0 spec section 7.1.4. 14 ns
repeater
TreoPD Repeater EOP delay relative to Tggpp USB 2.0 spec section 7.1.14. Figure 7-53(C). 0 17| ns
Tresk | ooy koW caused by the repeater during FS 55 2 0 spec section 7.1.14. Figure 7-53(C). 15 15| ns
REPEATER TIMING - HS
THssoPT High-speed Start of Packet Truncation USB 2.0 spec, section 7.1.10. 6 ul
TuseoPD High-speed End of Packet Dribble USB 2.0 spec, section 7.1.13. ul
ThspD High-speed Propagation Delay USB 2.0 spec, section 7.1.14. 2 3 4| ns
High-speed total additive jitter (output jitter
ThsTy - input jitter) of repeater (includes all 120| ps
complete SOP bits), EQxx=00
High-speed additive random jitter (output
THsrY jitter - input jitter) of repeater (includes all 35| ps
complete SOP bits), EQxx=00
High-speed additive deterministic jitter
Thspy (output jitter - input jitter) of repeater 82| ps
(includes all complete SOP bits), EQxx=00.
Time window of contiuous no transition
Thspis during which the HS Disconnect Detector 36 82| ns
output is be sampled
Time for which a Chirp J or Chirp K must
TeLT be continuously detected (filtered) by hub or |USB 2.0 spec, section 7.1.7.5. 2.5 us
device during Reset handshake
CDP TIMING
T Time taken to enable VDMSRC on D- after 01l ms
VDMSRCEN | detecting VDPSRC connection on D+ :
T Time taken to disable VDMSRC on D- after 01| ms
VDMSRCDIS | detecting VDPSRC disconnection on D+ :
Tcon ppsin | Time taken to disable IDP_SINK on D+ after
_ ¢ 0.1] ms
K_DIS detecting connect
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5.11 Insulation Characteristics Curves
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Figure 5-1. Thermal Derating Curve for Limiting
Current per VDE for DP-28 Package
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Figure 5-2. Thermal Derating Curve for Limiting
Power per VDE for DP-28 Package

5.12 Typical Characteristics
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Figure 5-3. Typical High-Speed (480 Mbps) Eye-
Diagram through ISOUSB211

Dvand D,V

] 10 20 0 40 50 0 T 80
time, ns

Figure 5-4. Typical Full-Speed (12 Mbps) Eye-
Diagram through ISOUSB211

Figure 5-5. Typical Low-Speed (1.5 Mbps) Eye-Diagram through ISOUSB211
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6 Parameter Measurement Information
6.1 Test Circuits
/S a
’ ™
7 < \
/ - 15.8Q \
uD+ DD+ ’.’ AN \‘ ' 50-Q Coax |
! \
usB 2.0 ISOUSB211 ! 1 .
Golden Host / Peripheral :| 158 Q ‘: Oscilloscope
ub- DD- ‘.\ AN { , 50-Q Coax | !
1
| G% /
\\ ™
\,F /
\\\\ N —,‘,’/

Test Fixture
Per USB 2.0 standard

Figure 6-1. Upstream and Downstream Packet Parameter and Eye-Diagram Measurements for HS

Oscilloscope

UD+

USB 2.0
Host

ISOUSB211

USB 2.0
Peripheral

UD- DD-

Figure 6-2. Upstream and Downstream Packet Parameter and Eye-Diagram Measurements for LS, FS
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ISOUSB211
l
1
|
UD+ : DD+
DC bias / UD- : DD- Oscilloscope /
Oscilloscope | DC bias
|
GND1 | GND2
1
I
(~0)
U Pass / Fail Criterion:
vV, Output remains stable
cM

Vewmpkpx/2 — — —

Vem

—Vempkpx/2

Figure 6-3. Common-Mode Transient Immunity Test Circuit
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7 Detailed Description
7.1 Overview

ISOUSB211 is a galvanically-isolated USB2.0 compliant repeater supporting Low Speed (1.5 Mbps), Full
Speed (12 Mbps) and High Speed (480 Mbps) signaling rates. The device supports automatic speed and
connection detection, reflection of pull-ups/pull-downs, and link power management allowing drop-in USB hub,
host, peripheral and cable isolation. Most microcontrollers integrate the USB PHY, and so offer only D+ and
D- bus lines as external pins. ISOUSB211 can isolate these pins from the USB bus without needing any other
intervention from the microcontroller. The device also supports automatic role reversal - if after disconnect, if a
new connect is detected on the Upstream facing port, then the Upstream and Downstream port definitions are
reversed. The ISOUSB211 has inbuilt programmable equalization to cancel signal loss caused by board traces,
which helps in meeting USB2.0 high-speed TX and RX eye-diagram templates. High Speed (HS) Test Mode
entry is also automatically detected, as required by the USB2.0 standard, to enable HS compliance tests.

ISOUSB211 is available in reinforced isolation option with isolation withstand voltage of 5700 Vgys respectively,
and with surge test voltage of 12.8 kVpk respectively. The device can operate completely off a 4.25 V to 5.5 V
supply (USB VBUS power) or from local 3.3-V and 1.8- supplies, if available, on both side 1 and side 2. This
flexibility in supply voltages allows optimization for thermal performance based on power rails available in the
system.

7.2 Functional Block Diagram

A simplified functional block diagram of ISOUSB211 is shown in Figure 7-1. The device comprises the following:
1. Transmit and receive circuits and pull-up and pull-down resistors according to the USB standard.

2. Digital logic to handle bi-directional communication, and various state-transitions.

3. Internal LDOs to generate V3p3yx and Vi pgyyx supplies from the Vgysx and Ve supplies respectively.

4. Galvanic isolation.
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Figure 7-1. ISOUSB211 Simplified Functional Block Diagram

7.3 Feature Description
7.3.1 Power Supply Options

The ISOUSB211 can be powered by connecting a 4.25 V to 5.5 V supply on Vgysx pins, in which case an
internal LDO generates V3p3yy voltage. This option is suitable for the side facing the USB connector, where a
5-V VBUS supply is available. Alternatively, Vgysx and V3psyx pins can be shorted together and an external 3.3-
V power supply can be connected to both. This second option is suitable for the side facing the microcontroller,
where a 5-V supply is not always available.

The ISOUSB211 also needs a 1.8-V supply for operation. A 2.4 V to 5.5 V supply can be connected on Vgey
pins, in which case internal LDOs generate the V pgyy supplies. In the simplest implementation, Ve can be
connected to the USB VBUS on the side facing the connector, and to the 3.3-V local supply on the side facing
the microcontroller. In this implementation, there is power dissipation on the internal LDOs of ISOUSB, which
limits the maximum ambient temperature supported by ISOUSB211.

To reduce power dissipation inside the ISOUSB211, an external 1.8-V supply can be connected to both Vgey
and Vqpgyx pins shorted together, in which case the internal 1.8-V LDOs of ISOUSB211 are bypassed. In this
implementation, some of the power dissipation is transferred to the external 1.8-V supply, and overall higher
ambient temperature operation is achieved for the ISOUSB211. If the external 1.8-V supply is an LDO, the effect
is to reduce power dissipation inside ISOUSB211, but overall no reduction in system current or power dissipation
is achieved. Alternatively, if the external 1.8-V supply is a DC-DC (buck) converter, both system power and
ISOUSB211 power dissipation can be reduced.

A third option is to include external resistors between VCCx pins and VBUS and 3.3-V local supplies. These
resistors can be accommodated since Vccy pins operate down to 2.4 V. The resistors drop voltage and dissipate
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power and serve a similar purpose as external 1.8-V LDOs, that is, reduce power dissipation inside ISOUSB211
and allow higher ambient temperature operation.

Refer to the Thermal Considerations section for further details on how to optimize ISOUSB211 internal power
dissipation according to the maximum ambient temperature required in the system, and for recommendations on
external resistors, LDOs and buck converters.

7.3.2 Power Up

Until all power supplies on both sides of ISOUSB211 are above the respective UVLO thresholds, the device
ignores any activity on the bus lines on both upstream and downstream side. Once the power supplies are
above the UVLO thresholds, the device is ready to respond to activity on the bus lines. When the power supplies
on side 1 are up, this is indicated on side 2 by V10K = High. Similarly, V20K = High indicates that Side 2 is fully
powered up.

7.3.3 Symmetric Operation, Dual-Role Port, and Role-Reversal

ISOUSB211 supports symmetric operation. Normally, UD+ and UD- are upstream facing ports and connect to a
host or hub. DD+ and DD- are downstream facing ports and connect to a peripheral. However, connecting UD+
and UD- to a peripheral and DD+ and DD- to a host or hub is also possible. Whichever side sees a connect
first (D+ or D- pulled up to 3.3 V) becomes the downstream facing side. This feature enables implementation of
dual-role port (for example Type-C dual-role port) and role-reversal (for example OTG Host Negotiation Protocol
- HNP). Refer to How to Implement an Isolated USB 2.0 High-Speed, Type-C® DRP application note for details.
In the rest of this document, DD+/DD- are treated as downstream facing ports, and UD+/UD- as upstream facing
ports, but the various operations and features described are equally applicable if this assignment is swapped.

7.3.4 Connect and Speed Detection

When there is no peripheral device connected to the downstream side of ISOUSB211, internal 15 kQ pulldown
resistors on DD+ and DD- pins pull the bus lines to zero, creating an SEO state. When either the DD+ or DD-
lines is pulled up higher than the V| threshold, for a time period higher than Tg -tconn, the ISOUSB211 device
treats this as a connect. The ISOUSB211 device configures internal pull-up on the upstream side to match the
pull-up detected on the downstream side. After connect is detected, the ISOUSB211 device waits for a reset to
be asserted by the host/hub on the upstream side. Depending on whether DD+ or DD- is pulled up at the start
of reset, the speed of the ISOUSB211 repeater is set. Once set, the speed of the repeater can only be changed
after a power down or disconnect event.

A high-speed (HS) capable device is attached to the ISOUSB211 device does perform a high-speed handshake
using chirp signaling as specified in the USB2.0 standard. This is followed by chirp signals from the host.
The ISOUSB211 device reflects these chirp signals across the barrier, including HS idle (SEOQ) states from
downstream to upstream and reciprocally. Upon successful completing of the HS handshake ISOUSB211 speed
is set to High speed. Once set to high-speed, the speed of the repeater can only be changed after power down,
HS disconnect event, or if the peripheral or host/hub do not perform HS handshake after a reset.

7.3.5 Disconnect Detection

When in Full-speed (FS) and Low-speed (LS) modes, disconnection of a peripheral is indicated when the
host/hub is not driving any signal on the upstream side, and when the downstream bus is in the SEO state ( Both
DD+ and DD- are below the V| threshold) for a time period higher than Tpp;s. Upon disconnect detection in FS
and LS modes, the ISOUSB211 device removes the pull-up resistor from the upstream side, thus allowing the
upstream UD+ and UD- lines to discharge to zero. The ISOUSB211 then waits for the next connect event to
occur.

When in High Speed (HS) mode, if the ISOUSB211 detects a continuous period of no transitions lasting
Thspis, the devices samples the DD+ and DD- lines using the HS Disconnect detector. If the input differential
voltage crosses Vygpsc during Thgpis, the repeater removes the HS termination from both the downstream and
upstream terminals and transitions to a disconnect state. The ISOUSB211 then waits for the next connect event
to occur.
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7.3.6 Reset

The ISOUSB211 device detects Reset assertion (prolonged SEO state) on the upstream facing side, and
transmits the same to the downstream facing side. In HS state, an extended HS idle state can be the beginning
of reset, or an entry into L2 Power Management state. ISOUSB211 is able to make the distinction between the
two, and accordingly either continue to drive HS idle (same as reset) on the downstream side or transition to the
L2 suspend state.

7.3.7 LS/FS Message Traffic

The ISOUSB211 device monitors the state of the bus on both upstream and downstream sides. The direction of
communication is set by which side transitions from the LS/FS idle state first (J to K transition). After that, data
is transferred digitally across the barrier, and reconstructed on the other side. Data transmission continues until
either an End-of-Packet (EOP) or a long idle is seen. At this point, the ISOUSB211 device tri-states the LS/FS
transmitters, and waits for the next transition from the LS/FS idle state.

7.3.8 HS Message Traffic

The ISOUSB211 device monitors the state of the bus on both upstream and downstream sides. The direction of
communication is set by which side transitions from the HS idle state first. Transition from HS idle state to valid
HS data is detected by the HS Squelch Detector. After that, data is transferred digitally across the barrier, and
reconstructed on the other side. Data transmission continues till the bus returns to HS idle state, also indicated
by the HS Squelch Detector. At this point, the ISOUSB211 device tri-states it's HS transmitters, and waits for the
next transition from the HS idle state.

7.3.9 Equalization and Pre-emphasis

The ISOUSB211 has inbuilt programmable receive equalization and transmit pre-emphasis to cancel signal loss
caused by board traces, which helps in meeting USB2.0 high-speed TX and RX eye-diagram templates. These
settings are controlled by EQ11 and EQ10 on side 1 and EQ21 and EQ20 on side 2. The EQxx pins can
be connected to ground, connected to 3.3-V supply or left floating, together creating 9 different equalization
levels. EQ11 and EQ10 can be chosen based on the length of D+/D- board trace and corresponding channel
loss estimated on side 1, and similarly EQ21 and EQ20 for side 2. Typical 45-Q trace in FR4 has about 0.15
dB/inch for 480 Mbps signaling. Further adjustments to the EQ settings can be made by observing the transmit
eye-diagram at the connector. If the trace lengths are very small, no equalization can be needed, and the EQxx
pins can be connected to ground.

Changing the EQxx settings on the fly after power up is not recommended because the ISOUSB211 samples
EQxx pins only at power up.

7.3.10 L2 Power Management State (Suspend) and Resume

The ISOUSB211 device supports Suspend low power state, also called L2 state in the USB 2.0 Link Power
Management engineering change notice (ECN). Suspend mode is detected if the bus stays in the LS/FS/HS
idle state for more than 3 ms. When Suspend is detected from LS and FS idle state, the ISOUSB211 continues
in the LS or FS idle state, at the same time reducing internal power consumption. If Suspend is detected from
HS idle state, the ISOSUB211 detects the DS port transition to FS idle state (FS J), and reflects this upstream,
while disabling all high-speed circuits to reduce power consumption. The transition to the L2 low-power mode is
completed within 10 ms.

Exit from L2 occurs through either Resume signaling from the host, on the upstream facing side of ISOUSB211,
or Remote Wake signaling from the peripheral on the downstream facing side of ISOUSB211 followed by
Resume signaling from the host/hub on the upstream facing side. Start of Resume or Wake are signaled by a ‘K’
state by the host or the device respectively. The end of resume is signaled by the host by driving two low-speed
bit times of SEO followed by a 'J' state. If the port is operating in high speed before entering the low power
state, end of resume is signaled by the host by transitioning to the high speed idle state. ISOUSB211 is able
to replicate the resume and wake signaling appropriately both upstream and downstream. After Resume/Wake
signaling the device returns to LS, FS or HS idle state depending on the state prior to entering the L2 state.
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7.3.11 L1 Power Management State (Sleep) and Resume

The ISOUSB211 device supports the additional L1 or Sleep low power state defined in the USB 2.0 Link Power
Management ECN. When L1 entry is detected from the LS and FS idle state, the ISOUSB211 continues in the
LS or FS idle state, at the same time reducing internal power consumption. If L1 entry is detected from HS idle
state, the ISOSUB211 disables all high-speed circuits to reduce power consumption. The transition to the L1
low-power mode is completed within 50 ps.

Exit from L1 occurs through either Resume signaling from the host, on the upstream facing side of ISOUSB211,
or Remote Wake signaling from the peripheral on the downstream facing side of ISOUSB211 followed by
Resume signaling from the host/hub on the upstream facing side. Start of Resume or Wake are signaled by a ‘K’
state by the host or the device respectively. The end of resume is signaled by the host by driving two low-speed
bit times of SEO followed by a 'J' state. If the port is operating in high speed before entering the low power
state, end of resume is signaled by the host by transitioning to the high speed idle state. ISOUSB211 is able to
replicate the K signaling appropriately both upstream and downstream. After Resume/Wake signaling the device
returns to LS, FS or HS idle state depending on the state prior to entering the L1 state.

7.3.12 HS Test Mode Support

USB2.0 standards needs test mode support, where the host/hub or peripheral is expected to enter High Speed
test-modes based on commands received. ISOUSB211 is able to automatically detect test mode entry to enable
HS compliance tests.

7.3.13 CDP Advertising

The ISOUSB211 device supports CDP advertising on both downstream and upstream facing side according to
Battery Charger standard BC 1.2. CDP advertizing is useful when isolating a host or hub, to indicate to the
connected peripheral that the port is capable of supplying 1.5A of current on VBUS. CDP advertising can be
enabled by connecting the downstream side CDPENZx pin to ground (active low).

7.4 Device Functional Modes
Function Table lists the functional modes for the ISOUSB211 device.
Table 7-1. Function Table

SIDE 1 SIDE 2
SUPPLY BUS1 SUPPLY BUS2
COMMENTS
VBus1, Vapavq | (UD+,UD-) | Vgysa, Vapavz (DD+, DD-)
Vect, Vipsvi Vce2; Vipsvz2
. . When both sides are powered, the state-of the bus is reflected
Powered Active Powered Active :
correctly from upstream to downstream and reciprocally.
Powered 15-kQ PD Powered 15-kQ PD Disconnected state is presented on both upstream and downstream
Powered 15-kQ PD Unpowered 4
Unpowered Z Powered 15-kQ PD !f a side is not powered, the bus lines on that side are in high-
impedance state.
Unpowered Z Unpowered Undetermined

(1) Powered =( (Vpusx 2 UV+yBusx)) || (Veusx = Vapavx 2 UV+yapavx)) ) & ((Veex 2 UV+Hwcex) || (Veex = Vipsvx 2 UV+Hyapayy) ) _
Unpowered = ( (Veusx < UV-(vausx)) & (Vapavx < UV-vapavx) ) | ( (Vcex < UV-veex)) & (Vipsvx < UV-v1pgvx)) ); X = Irrelevant; H = High
level; L = Low level; Z = High impedance
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and
Tl does not warrant its accuracy or completeness. Tl's customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

8.1 Typical Application
8.1.1 Isolated Host or Hub

Figure 8-1 shows an application for isolating a host or a hub using ISOUSB211. In this example, on the
microcontrollers side, V3p3y4 and Vgygq are together connected to an external 3.3-V supply. The Vpgy4 supply
is generated using the internal 1.8-V LDO by providing 3.3-V supply to V¢cq. On the connector side, the VBUS
from the USB connector is connected to Vgyso and the V3psyo supply is generated using the internal 3.3-V
LDO. V¢c2 and Vpgyo are together connected to an external 1.8-V supply derived from VBUS. Please refer to
Thermal Considerations for options on optimizing power dissipation inside ISOUSB211 as required.

Decoupling capacitors are placed next to ISOUSB211 according to the recommendations provided in the Power
Supply Recommendations section. An isolated DC-DC converter (such as the SN6505) is to provide power
to the VBUS using the 3.3-V local supply. Note that, for a host or hub, the USB standard requires a 120-pF
capacitor to be placed on the VBUS so as to be able provide in-rush current when a downstream peripheral is
attached. In addition, a 100-nF capacitor is recommended close to the VBUS pin to handle transient currents.

ESD diodes with low capacitance and low dynamic resistance, such as PESD5VOC1USF, can be placed on D+
and D- lines. A ferrite bead, with DC resistance less than 100 mQ, can be optionally placed between VBUS pin
of the connector and the Vgyg pin of ISOUSB211, as shown in the figure, to suppress transients such as ESD.

If the isolated power supply used is capable of providing >1.5 A current on the VBUS, the port can be configured
as a CDP port according to Battery Charger specification BC 1.2. To make this configuration this, the CDPENZ2
pin of ISOUSB211 must be connected to ground as shown. Under this condition ISOUSB211 responds to BC 1.2
signaling from a connected peripheral indicating to the peripheral that the port is capable of supply 1.5-A current
on VBUS.
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Figure 8-1. Isolated Host or Hub With ISOUSB211

8.1.2 Isolated Peripheral - Self-Powered

Figure 8-2 shows an application for isolating a self-powered peripheral using ISOUSB211. In this example, on
the microcontroller side, V3p3y2 and Vgyso are together connected to an external 3.3-V supply. The V4pgy2
supply is generated using the internal 1.8-V LDO by providing 3.3-V supply to V4. On the connector side,
the VBUS from the USB connector is connected to Vgys4 and the V3p3y1 supply is generated using the internal
3.3-V LDO. Vg1 and V4pgy4 are together connected to an external 1.8-V supply derived from VBUS. Please
refer to Thermal Considerations for options on optimizing power dissipation inside ISOUSB211 as required.

Decoupling capacitors are placed next to ISOUSB211 according to the recommendations provided in the Power
Supply Recommendations section. Note that the USB standard requires that, for a peripheral, the total capacitor
value on VBUS must be less than 10-pF. However, a total of at least 5-uF capacitance is recommended on
VBUS. A 100-nF capacitor is recommended close to the VBUS pin to handle transient currents.

ESD diodes with low capacitance and low dynamic resistance, such as PESD5VOC1USF, can be placed on D+
and D- lines. A ferrite bead, with DC resistance less than 100 mQ, can be optionally placed between VBUS pin
of the connector and the Vgyg pin of ISOUSB211, as shown in the figure, to suppress transients such as ESD.

24 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: ISOUSB211


https://www.ti.com/product/ISOUSB211
https://www.ti.com/lit/pdf/SLLSFC5
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLSFC5D&partnum=ISOUSB211
https://www.ti.com/product/isousb211?qgpn=isousb211

i3 TEXAS

INSTRUMENTS ISOUSB211
www.ti.com SLLSFC5D — NOVEMBER 2021 — REVISED APRIL 2025
VBUS (5.0 V) . 1 T ” 28 3.3 VLV (local supply)
l VBus1 | BUS2 l
Ferrite 5 pF_L 33V 2 . 27 o1 p,-J_1 uF
Bead LDO/ | Verann | 3pavz I vcec
DC-DC
y I 010F] 3lonpr || onp2f2e TI >
VBUS . ISOUSB211
—__—100nF 1.8 V| 2uF 0.1uF 10nF 4 25 T T T
+ Vipavi | Vipgva 1.8 VLV Perihem
D- | l 5 24 10 nF 0.1 pF 2 uF eriphera
‘ ? Veer | Veez ”s 33 VLV Mcu
D+ € Slvaok |l viok >
|
GND | p- | DD-F22 DM
8 21
Upstream up+ | = DP
Port 9 I o0 | 3.3vLv
Connector ‘ 224l | EQ20 DGND
0 1ean | g2t 21— oV
Ground 2 uF 0.1 uF 10nF| 14 18 10nF 0.1 yF 2pF
u Vipgvi | Vipav2 - ? ? Digital
‘__w GND1 | GND2 3 3 = N Ground
1
33V — B CDPENZ1 l CDPENZ2 16 33VIV
|
1IN | neP>
Galvanic

Isolation Barrier

Figure 8-2. Isolated Self-Powered Peripheral With ISOUSB211

8.1.3 Isolated Peripheral - Bus-Powered

Figure 8-3 shows an application for isolating a self-powered peripheral using ISOUSB211. In this example, an
isolated DC-DC converter (for example: SN6505) is used to create a 3.3-V local supply while deriving power
from the USB VBUS. On the microcontroller side, V3psy2 and Vgyso are together connected to an external 3.3-V
supply. The V4pgy2 supply is generated using the internal 1.8-V LDO by connecting the 3.3-V local supply to
Vcet- On the connector side, the VBUS from the USB connector is connected to Vgys4 and the V3payq supply is
generated using the internal 3.3-V LDO. V¢¢ and V¢pgy4 are connected together connected to an external 1.8-V
supply derived from VBUS. Please refer to Thermal Considerations for options on optimizing power dissipation
inside ISOUSB211 as required.

Decoupling capacitors are placed next to ISOUSB211 according to the recommendations provided in the Power
Supply Recommendations section. Note that the USB standard requires that, for a peripheral, the total capacitor
value on VBUS, including any decoupling capacitors reflected from the secondary side through the isolated
DC-DC converter, must be less than 10-uF. However, a total of at least 5-uF capacitance is recommended on
VBUS. A 100-nF capacitor is recommended close to the VBUS connector to handle transient currents.

ESD diodes with low capacitance and low dynamic resistance, such as PESD5VOC1USF, can be placed on D+
and D- lines. A ferrite bead, with DC resistance less than 100 mQ, can be optionally placed between VBUS pin
of the connector and the Vgygs pin of ISOUSB211, as shown in the figure, to suppress transients such as ESD.
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Figure 8-3. Isolated Bus-Powered Peripheral Using ISOUSB211

8.1.4 Application Curve
8.1.4.1 Insulation Lifetime

Insulation lifetime projection data is collected by using industry-standard Time Dependent Dielectric Breakdown
(TDDB) test method. In this test, all pins on each side of the barrier are tied together creating a two-terminal
device and high voltage applied between the two sides; See Figure 8-4 for TDDB test setup. The insulation
breakdown data is collected at various high voltages switching at 60 Hz over temperature. For reinforced
insulation, VDE standard requires the use of TDDB projection line with failure rate of less than 1 part per million
(ppm). Even though the expected minimum insulation lifetime is 20 years at the specified working isolation
voltage, VDE reinforced certification requires additional safety margin of 20% for working voltage and 50% for
lifetime which translates into minimum required insulation lifetime of 30 years at a working voltage that's 20%
higher than the specified value.

Figure 8-5 shows the intrinsic capability of the isolation barrier to withstand high voltage stress over the lifetime
of the barrier. Based on the TDDB data, the intrinsic capability of the insulation is 1500 Vrys with a lifetime of
169 years. Other factors, such as package size, pollution degree, material group, and more, can further limit the
working voltage of the component. The working voltage of DP-28 package is specified up to 1500 Vrus- At the
lower working voltages, the corresponding insulation lifetime is much longer than 169 years.
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Figure 8-4. Test Setup for Insulation Lifetime Measurement
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Figure 8-5. Insulation Lifetime Projection Data

8.1.5 Meeting USB 2.0 HS Eye-Diagram Specifications

The USB 2.0 standard specifies TX and RX eye-diagram templates that must be met at the connector. The
horizontal eye-opening achieved at the connector is a combination of the performance at the microcontroller,
the additive jitter of the ISOUSB211, and the inter-symbol interference resulting from the insertion loss of D+/D-
board traces. For best performance, minimizing the length of D+/D- board traces from the MCU to ISOUSB211,
and from ISOUSB211 to the connector is recommended. Vias and stubs on D+/D- lines must be avoided.

The ISOUSB211 has inbuilt programmable receive equalization and transmit pre-emphasis to cancel signal loss
caused by board traces, which helps in meeting USB2.0 high-speed TX and RX eye-diagrams. EQ11 and EQ10
can be chosen based on the length of D+/D- board traces and corresponding channel loss estimated on side 1,
and similarly EQ21 and EQ20 for side 2. The EQxx pins can be connected to ground, connected to 3.3-V supply
or left floating, together creating 9 different equalization levels.

Typical 45-Q traces in FR4 have an insertion loss of about 0.15 dB/inch for 480 Mbps signaling. This number can
be used to arrive at an estimate for the amount of Equalization/Pre-emphasis needed and the corresponding EQ

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 27
Product Folder Links: ISOUSB211


https://www.ti.com
https://www.ti.com/product/ISOUSB211
https://www.ti.com/lit/pdf/SLLSFC5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLSFC5D&partnum=ISOUSB211
https://www.ti.com/product/isousb211?qgpn=isousb211

13 TEXAS
ISOUSB211 INSTRUMENTS
SLLSFC5D — NOVEMBER 2021 — REVISED APRIL 2025 www.ti.com

settings. Further adjustments to the EQxx settings can be made by observing the transmit eye-diagram at the
connector, and selecting the setting that gives the best eye-opening. Choosing the right setting for the transmit
path also results in an optimum performance for the receive path. Refer to Compensate for Channel Loss with
Equalizer Settings on High-Speed USB Isolators application note for details. If the trace lengths are very small,
no equalization can be needed, and the EQxx pins can be connected to ground.

8.2 Thermal Considerations

ISOUSB211 offers different power supply input options, including internal LDOs, that can be used to optimize
thermal performance in HS mode. If the 3.3-V and 1.8-V supplies are supplied using external regulators,
the power dissipated inside the ISOUSB chip is lower. The internal power dissipated, when taken with the
junction-to-air thermal resistance defined in the Thermal Information table can be used to determine the junction
temperature for a given ambient temperature. The junction temperature must not exceed 150°C. This section
describes different power supply configurations for ISOUSB211 and explains how the power dissipated inside
ISOUSB211 and the internal temperature rise can be calculated in each case.

For optimal thermal performance, connect small ground planes to the GNDx pins, and connect these planes to
the ground layer with multiple vias as shown in Layout Example.

8.2.1 VBUS/ V3p3v Power
If VBUS is connected to external 5.0-V supply, with V3P3V generated through an internal LDO, the power
dissipated is VBUSX X IVBUSX-

If VBUSx and V3P3Vx are shorted together and connected to an external 3.3 V supply, the power dissipated due
to this SUpp'y is V3P3VX X |3P3VX-

8.2.2 vCCX/ v1P8VX Power

If Vcex is connected to external 2.4 to 5.0-V supply, with V1pgyx generated through the internal 1.8-V LDO, the
power dissipated is Vceox X lveex-

If Vcex and Vqpgyy are are shorted together and connected to an external 1.8-V supply, the power dissipated due
to this SUpp'y is V4 p8vx X I1P8VX-

8.2.3 Example Configuration 1

In the application example shown in Figure 8-6, ISOUSB211 is powered using USB VBUS on the connector side,
and a local 3.3-V digital supply on the microcontroller side. No other external regulators or power supplies are
used.

In this scenario, the total power consumption inside ISOUSB211 from both sides taken together is:

VBus1 * lveust + VBust X lvcet + Vapavz X 13pave *+ Vapayz * lvee?

Assuming 5.25 V as the maximum value of VBUS1, and 3.5 V as the maximum value of the 3.3-V local supply,
the internal power dissipation is calculated as:

525V x135mA+525V x96 mA+3.5Vx13.5mA+3.5V x96 mA =960 mW.

Since the junction-to-air thermal resistance is 44.2°C/W, this power dissipation results in a 42.5°C internal
temperature rise. Ambient temperature up to 107°C can be supported for this configuration.

This configuration offers the simplest implementation, but the ambient temperature supported is lower than other
configurations.

28 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: ISOUSB211


https://www.ti.com/lit/pdf/SLLA579
https://www.ti.com/lit/pdf/SLLA579
https://www.ti.com/product/ISOUSB211
https://www.ti.com/lit/pdf/SLLSFC5
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLSFC5D&partnum=ISOUSB211
https://www.ti.com/product/isousb211?qgpn=isousb211

13 TEXAS

INSTRUMENTS ISOUSB211
www.ti.com SLLSFC5D — NOVEMBER 2021 — REVISED APRIL 2025
VBUS (5.0 V) . 1 T Voves 28 3.3 VLV (local supply)
VBus1 | l
Ferrite 5 PF_L 33V 2 27 b1 uF—L1 uF
Bead T 1t Varavs | V3apav2 Vete)
“ 0.14F] 3 | ooy I onpef2e
VBUS [
:I: 100 nF 1.8V 2pF 0.1 yF 10 nfF 4 v ISOUSB211V 25 T T T
D- I I I 5 1P8V1 | 1P8V2 o4 101F 01 pF 2 uF
Veer | Veez 33 VLV
. . _F . | 2 : Peripheral
N —{ V20K V10K » MCU
|
GND 7 1up- | pD- |22 DM
8 21
Upstream UD+ | DD+ oP
Port 9 I 20 | 33wV
Connector ‘ 24l | EQ20 DGND
19 Y eq1 || Ee ® L p oV
ISO 2 F 0.1 pF 10 nF| 11 18 10 nF 0.1 pF 2 pF
Ground r—+——+ Vipavt | Vipav2 —t Digital
T 2ot || enpef—— Ground
1
33V — 13 CDPENZ1 I CDPENZ2 6—3.3 VLV
M Ine I Ve| B
|
Galvanic

Isolation Barrier

Figure 8-6. Using ISOUSB211 Without External 1.8-V Regulators

8.2.4 Example Configuration 2

In the application example shown in Figure 8-7, ISOUSB211 is powered using USB VBUS on the connector side,
and a local 3.3-V digital supply on the microcontroller side to generate V3p3yx. An external LDO or DC-DC buck
converter is used to generate Vpgyy On both sides.

In this scenario, the total power consumption from both sides taken together is:

VBus1 * Iveus1 *+ Vipgvt * lipgv1 + Vapave * lapava + Vipgy2 * l1pgv2

Assuming 5.25 V as the maximum value of VBUS, and 1.89 V as the maximum value of the external 1.8-V
power supply, the internal power dissipation is calculated as

525V x 135 mA+1.89Vx96 mA+3.5Vx13.5mA+ 189V x96 mA =481 mW.

Since the junction-to-air thermal resistance is 44.2°C/W, this power dissipation results in a 22°C internal
temperature rise. Ambient temperature up to 128°C can be supported for this configuration.

TLV741P and TLV62568 are examples of low-cost LDO and buck converter respectively that can be used in this
application. Both options reduce the power dissipation in ISOUSB211. However, the buck converter additionally
reduces power dissipation at the system level, and also the current drawn from VBUS and local 3.3-V supplies.

This configuration offers the lowest power dissipation and the highest ambient temperature operation using
external regulators.
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Figure 8-7. Using ISOUSB211 With 1.8-V Supplied With External Regulators

8.2.5 Example Configuration 3

In the application example shown in Figure 8-8, ISOUSB211 is powered using USB VBUS on the connector side,
and a local 3.3-V digital supply on the microcontroller side to generate V3psyy. The internal LDOs are used to
generate Vpgyx On both sides like in Example Configuration 1. However, the Vccq and Vo are connected to
VBUS and 3.3 VLV, not directly like in Example Configuration 1, but through resistors R1 (20 Q, 250 mW) and
R2 (5 Q, 50 mW) respectively.

The external resistors drop voltage, and dissipate power, helping reduce the power dissipation within
ISOUSB211, and the corresponding temperature rise. The resistor values are decided keeping in mind that
the Vi voltage can be as low as 2.4 V. Additional 1-uF capacitors are needed on V¢cy pins.

In this scenario, the total power consumption inside the IC from both sides taken together is:

VBus1 % lveus1 *+ Veus1 X Iveet - 20 Q x lycc1* lveet+ Vapave % lapava + Vapav2 % lvcco- 5 Q % lyccoX Ivee2

Assuming 5.25 V as the maximum value of VBUS, and 3.5 V as the maximum value of the 3.3-V local supply,
the internal power dissipation is calculated as

525V x13.5mA+525Vx96mMA-200%x96 MAXx96mMA+35Vx13.5mA+35V x99 mA-5Qx96mA
x 96 mA =728 mW.

Since the junction-to-air thermal resistance is 44.2°C/W, this power dissipation results in a 33°C internal
temperature rise. Ambient temperature up to 117°C can be supported for this configuration.

This configuration offers a middle path between Example Configuration 1 and Example Configuration 2,
achieving lower temperature rise, and higher ambient temperature operation, with the addition of only two
resistors and two capacitors.
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Figure 8-8. Using ISOUSB211 With Resistors in Series With V¢cx Pins

8.3 Power Supply Recommendations

0.1 PF capacitors are recommended to be placed close to V3psyx pins to GNDx. 1-yF capacitors are
recommended to be placed close to Vgysy pins to GNDx. 2-uF, 0.1-uF, and 10-nF capacitors are recommended
to be placed between Vipgyx and GNDx, between pins 4 and 3, between pins 25 and 26, between pins 11
and 12, and between pins 25 and 26 respectively, as close to the device as possible. Place the lower value
capacitors closer to the IC. If Vocy pins are connected through resistors as shown in Example Configuration 3
1-uF capacitors are recommended to be placed between V¢ (pins 5, 24) and GNDx (pins 3, 26), as close to
the device as possible, with higher priority being accorded to the capacitors on Vpgyx pins.

These decoupling capacitor recommendations are irrespective of whether the 3.3 V and 1.8 V supplies are
provided externally or generated using internal LDOs.

Refer to the Section 8.4.1.1 section for recommended placement of the decoupling capacitors. Small footprint
capacitors (0402/0201) are recommended so that these can be placed close to the supply pins and
corresponding ground pins on the top layer without the use of vias. The capacitors on Vpgyx supplies are
higher in priority when considering placement close to the IC.

While isolating a host/hub or bus-powered peripherals, isolated power is needed and can be generated with
the help of a transformer driver such as Tl's SN6505B. For such applications, detailed power supply design,
and transformer selection recommendations are available in the SN6505 Low-Noise 1-A Transformer Drivers for
Isolated Power Supplies data sheet. If CDP functionality is enabled while isolation host/hub, the isolated power
supply must be capable of delivering 1.5 A on VBUS.

8.4 Layout
8.4.1 Layout Guidelines

Three layers are sufficient to accomplish a low EMI PCB design. Layer stacking must be in the following order
(top-to-bottom): high-speed signal layer, ground plane, optional power layer, and low-frequency signal layer.

* Routing the high-speed traces on the top layer avoids the use of vias (and the introduction of the
inductances) and allows for clean interconnects between the isolator and the transmitter and receiver circuits
of the data link.

» For best performance, minimizing the length of D+/D- board traces from the MCU to ISOUSB211, and from
ISOUSB211 to the connector is recommended. Vias and stubs on D+/D- lines must be avoided. Avoiding vias
and stubs on D+/D- lines is especially important for High Speed Operation.
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» Placing a solid ground plane just below the high-speed signal layer establishes controlled impedance for
transmission line interconnects and provides an excellent low-inductance path for the return current flow.

D+ and D- traces must be designed for 90-Q differential impedance and as close to 45-Q single ended
impedance as possible.

* Placing the power plane next to the ground plane creates additional high-frequency bypass capacitance of
approximately 100 pF/in2.

» Decoupling capacitors must be placed on the top layer, and the routing between the capacitors and the
corresponding to supply and ground pins must be completed in the top layer. There must not be any vias in
the routing path between the decoupling capacitors and the corresponding supply and ground pins.

» ESD structures must be placed on the top layer, close to the connector, and right on the D+/D- traces without
vias. Ground routing for the ESD structures must be made in the top layer if possible, else must have a
strong connection to the ground plane with multiple vias.

* Routing the slower speed control signals on the bottom layer allows for greater flexibility as these signal links
typically have margin to tolerate discontinuities such as vias.

* Connect a small plane (for example, 2 mm x 2 mm) to the GND pins on the top layer to improve thermal
performance. Connect this to the ground player in the second layer with multiple vias. See Layout Example
for details.

8.4.1.1 Layout Example

The layout example in this section shows the recommended placement for de-coupling capacitors and ESD
protection diodes. A continuous ground plane is recommended below the D+/D- signal traces. Small footprint
capacitors (0402/0201) are recommended so that these can be placed very close to the supply pins and
corresponding ground pins and connected using the top layer. There must not be any vias in the routing path
between the decoupling capacitors and the corresponding supply and ground pins. The capacitors on Vqpgyx
supplies are higher in priority when considering placement close to the IC. The ESD protection diodes must be
placed close to the connector with a strong connection to the ground plane. Pins 4 and 11 for V{pgy4 and pins
18 and 25 for V4pgyo are connected together, but this connection is after the de-coupling capacitors. If more than
2 layers are available in the PCB, this connection must be made in an inner or bottom layer (ex. Layer 3 or 4)
so as to not interrupt the ground plane under the D+/D- traces. The example shown is for an isolated host or
hub, but similar considerations apply for isolated peripherals also. The 120-uF capacitor on VBUS only applies
to host or hub and must not be used for peripherals. A ferrite bead, with DC resistance less than 100 mQ, can
be optionally placed on the VBUS route, after the 100-nF (and 120-pF) capacitors to prevent transients such as
ESD from affecting the rest of the circuits.

For best performance, minimizing the length of D+/D- board traces from the MCU to ISOUSB211, and from
ISOUSB211 to the connector is recommended. Vias and stubs on D+/D- lines must be avoided. Avoiding Vias
and stubs on D+/D- lines is especially important for High Speed Operation.

Connect a small plane (for example, 2 mm x 2 mm) to the GND pins on the top layer to improve thermal
performance. Connect this to the ground player in the second layer with multiple vias.
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Figure 8-9. Layout Example for ISOUSB211

8.4.1.2 PCB Material

For digital circuit boards operating at less than 500 Mbps, (or rise and fall times greater than 1 ns), and
trace lengths of up to 10 inches, use standard FR-4 UL94V-0 printed circuit board. This PCB is preferred over
lower-cost alternatives because of lower dielectric losses at high frequencies, less moisture absorption, greater
strength and stiffness, and the self-extinguishing flammability-characteristics.
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9 Device and Documentation Support

9.1 Documentation Support
9.1.1 Related Documentation

For related documentation see the following:

» Texas Instruments, Digital Isolator Design Guide, application note.
» Texas Instruments, Isolation Glossary, application note.

9.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

9.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

9.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
9.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

9.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
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EXAMPLE BOARD LAYOUT

DWX0016A SSOP - 2.6 mm max height
SMALL OUTLINE PACKAGE

SEE SOLDER MASK: SEE SOLDER MASK:

DETAILS DETAILS

16X (2) 16X (1.65)
SYMM SYMM
16X (0.41)
1 . ¢ 16X (0.41) ]

16

t% ) sYMM
Loee e
——]

S
14X (0.65)
(R0.05) TYP JF % ’
(9.3) -

IPC-7351 NOMINAL
7.3 mm CLEARANCE/CREEPAGE

SOLDER MASK:
OPENING\ METAL EDGE

EXPOSED METAL

0.07 MAX
ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

LAND PATTERN EXAMPLES
EXPOSED METAL SHOWN
SCALE: 4X

SOLDER MASK DETAILS

Ei}SY
¢

a =

14X (0.65) j j}%
(R0.05) TYP ‘

= (9.75)

9

=
T

HV / ISOLATION OPTION
8.1 mm CLEARANCE/CREEPAGE

METAL UNDER SOLDER MASK
SOLDER MASK\ /70PENING
*] 0.07 MIN

ALL AROUND

SOLDER MASK
DEFINED

4226511/D  09/2023

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.

6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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DWX0016A

EXAMPLE STENCIL DESIGN
SSOP - 2.6 mm max height

SMALL OUTLINE PACKAGE

SYMM

16X (2) ﬂ
16X (0.41)
i

==
== ==L
T E== >
14X (0.65) j’% % 9
(R0.05) TYP
(9:3)

IPC-7351 NOMINAL
7.3 mm CLEARANCE/CREEPAGE

=
—

SYMM

SCALE: 4X

16X (1.6)

16X (0.41)
L
==
|
(R0.05) TYP

14X (0.65)

SOLDER PASTE EXAMPLES
BASED ON 0.125 mm THICK STENCIL

SYMM
¢

HV / ISOLATION OPTION
8.1 mm CLEARANCE/CREEPAGE
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NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

8. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DP0028A-C02 SSOP - 2.65 mm max height
SHRINK SMALL-OUTLINE PACKAGE
10.63
e 9.97 TYP
PIN 1 ID
AREA
— 26X
L — 2§—[
—/] i
—] ¢ j
—/] —1
—/] —1
105 —/] —1 oX
. —/] —1
10.1
NOTE 3 —/] —1
—/] —1
—/] —1
—/] —1
—/] —
—/] —1 4{
14| —721—5 -
0.35
5] 76 28X .29
[&] 74 [ Jo.25@ [c[ATB] =1 2.65 MAX
NOTE 4
R TN
/ i
( \ ]
N /
N
SEE DETAIL A
0.40 DETAIL A
(1.4) TYPICAL
4231707/A 03/2025

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm, per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm, per side.
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DP0028A-C02

EXAMPLE BOARD LAYOUT
SSOP - 2.65 mm max height

SHRINK SMALL-OUTLINE PACKAGE

SEE SOLDER MASK-

DETAILS
28X (2)
SYMM
28X (0.45) l
4

¢
‘ 28
e ‘
RN ==ERN
T e i %
% i) i %
| i

IPC-7351 STANDARD
7.3 mm CLEARANCE/CREEPAGE
SCALE:5X

EXPOSED METAL

0.07 MAX
ALL AROUND

NON SOLDER MASK
DEFINED

LAND PATTERN EXAMPLES
EXPOSED METAL SHOWN

METAL SOLDER MASK
/ OPENING

EXPOSED METAL

SOLDER MASK DETAILS

SEE SOLDER MASK:
DETAILS

28X (1.65)

28X (0.45) L
R

1
i

|

|
T

o

il
i

‘ L 82)
}

Y

(9.85)

HV / ISOLATION OPTION
8.2 mm CLEARANCE/CREEPAGE
SCALE: 5X

SOLDER MASK: METAL
OPENING‘\ /
|

1

0.07 MIN
ALL AROUND

SOLDER MASK
DEFINED
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NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.

6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DP0028A-C02 SSOP - 2.65 mm max height

SHRINK SMALL-OUTLINE PACKAGE
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IPC-7351 STANDARD HV / ISOLATION OPTION
7.3 mm CLEARANCE/CREEPAGE 8.2 mm CLEARANCE/CREEPAGE
SCALE:5X SCALE: 5X

SOLDER PASTE EXAMPLES
BASED ON 0.125 mm THICK STENCIL
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NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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11.1 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

. ~>‘|<—K0 « P1-»]

R T

& & o|( B0 W

v
Reel X A
Diameter
Cavity —>| A0 |<—

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O OO O O Sprocket Holes
| |
I I
Q1 : Q2 Q1 : Q2
4--q--4 t--7--1-
Q3 1 Q4 Q3 | Q4 User Direction of Feed
| % 4 |
T T
ANz
Pocket Quadrants
Reel Reel "
Device PaT"kage ;“k‘:'ge Pins sPQ Diameter | Width W1 L Ed (O i W a P';“ ‘
ype rawing (mm) (mm) (mm) (mm) (mm) (mm) (mm) uadran
ISOUSB211DPR SSOP DP 28 2000 330.0 16.4 10.75 10.7 27 12.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

Device

Package Type

Package Drawing

Pins

SPQ

Length (mm)

Width (mm)

Height (mm)

ISOUSB211DPR

SSOP

DP

28

2000

350.0

350.0

43.0
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
ISOUSB211DPR Active Production SSOP (DP) | 28 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 ISOUSB211
ISOUSB211DPR.A Active Production SSOP (DP) | 28 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 ISOUSB211
ISOUSB211DPR.B Active Production SSOP (DP) | 28 2000 | LARGE T&R - Call Tl Call Tl -40 to 125

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF ISOUSB211 :
o Automotive : ISOUSB211-Q1
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NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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