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Tho universal serial bus (USB) is rapidy becoming the standard inerface for most PC poriphorals It dsplacing RS-232
and the parale priter port because of superiorspee. flexibily, and support of device. hot swap. There has been a stong
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esiteon the part o industal and medical equipment manufacturers (o use the bus s well, but adoy
good way 1o provide the isolation required for connections o machines that conlrol dangerous.
voltages or low leakage defbilaton proof connectons in madical appiicatons
The ADUM160 is designed primarly as an isolaton elemen for a peripheral US davice . However, there are occasions.
when i uselul to isolate @ host dvice. Several Issues must be addressecto use the ADUM 4160 for this application
Whereas the buffers on the upsiream and downsiream sides of the ADUMA160 are the same and capable of cring a USS
‘cable the downsiream buffers must be capable of adjusting speed fo a full o low spoed peripheral thatis connected ot
Unlike the case of bulding & dedicated perpheral nterface where the speadis known and not changed, host appications.
must adapt. The ADUM 4160 s intended 10 be hardwired (0 a single spoed via pins; therefore,  works when the peripheral
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plugged ito ts downsiream side Is the correct sped, but i falls when the wrong speod peripheral s atached. The best way
to address tis is fo combine the ADUMA160 with a hub conirolr.

“The upstream sids of a hub controler can be thougrit of as a standard fxed speed peripheral port that can be_easly scated
ith e ADUM8150, wharoas the SPE<G Ofthe Gownstream ports is handied by the fub conlroler. The b conrolier

converts peripherals of diferent spaeds to match the upsiream portspoed. The circuit shown in Figure 1

porthub chip can be used to islate two downsiream host ports in a design hat can be made fully complant wit the USS
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specifcaton. engineers and can be
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Figure 1. Isolated USB Hub Circuit
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Tho ADUMA160 provides an inexpensive and easy to implement isoation buffr for medical and Industrial perpherals. The
challenge that must be. met is o use this o create a fully com-plant host port by pairing the ADUMA160 with a hub chip. As
wih solating any peripheral device, the services that the ADUMA4160 and hub provide are as folows:
1. Direcly isoltes, in the upsiream, the USB D+ and D- lines of & hub chip, alowing the hub to manage the
ownsiream host port acty.
Implements an automatic scheme for data flow of conlrol that doas ot require extemal contral lines.

Provides medical grade isolation.
Allows creation of one or more host ports that mee! the USB.IF certfcation standards.
Supports full speed signaling rates

Supports fiexible power configurations

The goalof the appication circuit s to Isclate @ hub as f it were a full speed periheral device . The hub or host function
roquires that 2.5 W of power be avaiable 1o each downsiream port. Power 1o run the downstream side of the solator and
power the hub and porls is provided as part of te solution. The application circult is typical of many medical and industrial
appicatons.
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CIRCUIT DESCRIPTION
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“The ADUMA160 has severaloptions for power speed and protecton that must be determined. Peripheral devices rn at one
of three speeds, low (1.5 Mbps), ful (12 Mbps). and high (480 Mops). The ADUMA160 does ot support high speed
‘operation and blocks handshaking signals that e sed 1o negotale that speed. The hub chip chosen supports high sped
‘operation, but this mode s ot allowed by the normal operatin of the ADUMA160. Tho ADUM 4160 must be sot 1o operate at
full speed via the state of e SPU and SPD pins. I the current schemat, the SPU and SPD pins are ted 1o the reguiated
33 V power supples, VDD and VDD 2, seting the part for ful speed operaton,

i be provided 55 V through the VBUSK ins. The 3.3 V signaling votage is created by an infemal 3.3 V.
Tewinor st 76 VDD in Ancha apo s 1 sup 33 Y deect o bt VBLIox an VD . The art senseis
confiuration and disables the intemal reguiator using the 3.3V supply direcly. For llusirative purposes, the downsiream side
of the ADUM 4160 is configured to accept a 3.3V extemal supply, bypassing the infema regulator. The VBUS2 and VDD2
pins are shorted fogether and supplied with an extemal 3.3V generated by an ADP3330 LDO regulator.
“The ADUM160 has an option o delay appicaton of the upsiream pull-up under coniol of the peripheral . This function is
controlled by the PIN input. In this appication. the PIN input s shorted high so that the upsiream pull-up is applied as soon
s power s applied 10 the hub chip. In some applications, it can be connected t0 a GPIO pin of a controler, a fxed delay.
oftcut can be applied. o It can be connected as in his ciruit, I is the designer's choice how t s tis functionalty.
EOSIESD protocton devices are ropresentod in his circul These were chosen from manufacturers that have a wide varialy
of components avallabe; the particular components were chosen to allow them (0 be replaced by 0 0 shorts, removing them
from the citcut. The choice of protecton should be reviewed by the designer and can range anywhere from ot needing
‘extomal prtection to neding a ful complement of Fansient suppressors and fiter elements. The circul elements induded In
this applcation are typical of what can bo.
When the cicul is functioning, packets are detected and data is shtied from one sido of the Isclaion barrier 0 the othor.
Data shown in Figure 2:and Figure 3 demonsirates a typical full speed transaction both as time domain data and as an oye
diagram. Features to note in the realtime ata are the passive di sate at the star of e packet  which transitons 0 a
driven J and then the end of packet at the nd of the transacton showing as a single-ended zero st byan ide
41t the automatic flow of contrl and the handing of these special ogic stales that make the ADUM 4160 chip possible
and unigue in the markefplace.

s i
Figure 2. Full Speed Test Packet Traffc Driven by the Upstream ADUMA160 Port
Enlarge

This hub design is ully isolated from the upstream data con-nection for transients p. 10 5 K. Th downstream ports are
powered through an offine power source o support full power applications. Low, full and high speed perigherals can be
connected o the downstream ports i any combination: the hub coniroller properly negotites speed based on the
standard. The design also includes current swiching and limiting as well as posilons fo other output protection devices thal
can be installed as the designer chooses.
“The folowing are applicable test references:

Upstrea full speed signal qualty test reference—USB 2.0 Speciication, Section 7.1.11., Section 7.1.2.1.

Upstrear full speed rise time test reference—USB 20 Specifcaton, Secton 7.1.11., Secton 7.1.22

Upstream full speod fall tme tost reforonce—USB 2.0 Spocification, Section 7.1.11., Section 7.12.2.

Figure 3 15 full ocd eye ciagram showing that he ADUM1G0 provdes an adequate open sy, staying we out of e Send Feedback
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Figure 3. Ful Speed Eye Diagram Showing the Exclusion Zone
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Figure 4. ADUMAI60 Isolated USB Hub Evaluaiion Board
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Other finear reguators can be substiuted, depending on system requirements. Refer o the ADIsimPove: ™ design tool for
ot

CIRCUIT EVALUATION AND TEST “

“The ADUMA160 isolated USB hub evaluation boardis specicaly developed to evaluate and test the circuit descibed in this
Citcut Note . A detalled schematic and picture of the circut board are shown in Figure 1 and Figure.

Equipment Needed

“The folowing equipment is needd: a USB port hub connection, wih an upsiream-downsiream data path . the ADUMA160.
Isolated USB hub, the ADUMA4160 evaluation board, three USB cables, and @ high speed digial osciloscope.

Getting Started

In addilon to the circut, circut schematic, and block diagram of the tost sotup described In this Ciruit Noto, dotalls
regarding the ADUM4160 solated USB hub evaluation board, Gerber's, bil of material, layout, and assembly informaton
are contained in the CN-0158 design support package. Information regarding the components used in the isolator circuit is
‘avalable n the ADUMA160, ADP3330, and ADP3330 data sheets and the ADUMA16O evaluation board user guide, UG 043

Funciional Block Diagram
See Figure 1 for the schematic of the described fest setup

SAMPLE PRODUCTS USED IN THIS CIRCUIT:

E
ADP3330 High Accuracy Ulralow 1(Q). 200 mA, SOT-23. anyGAP ® Low Dropout Reguiator

ADP3330ARTZ-2.5-RT
ADP3I30ARTZ-2.85RT
ADP33ARTZ 2 T5RT
ADP3IARTZS.ZRLT
ADP330ARTZ3-RLT
ADP3330ARTZ5-RLT
ADP3IIARTZ-2.75RL
ADP3IIARTZ-3.6-RT

pee Figh Accuracy Ulalow 1a, 1.5 A, anyCAP® Low Dropoul Reguaior ADP33IMKCZ3 3R
ADP3IIUNKCZ3RLT
ADP3IIUAKCZA.5-RT
ADP3IIAKCZ-2.5-RT
ADPITIUAKCZ1 8T

ABUNAT60 FullLow Speed USB Digial lsoator ADUM 4160BRIZ

ADUM 4160BRWZ
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