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MSP Power Supply Products

Hub - Power Distribution Requirements ";”

B B _P wer H Bus-Powered Hubs:
US us-Fowe ed Ub Draws all power from USB connector
Upstream Hub Controller E Downstream power p|nS
Data Port ¥ (TUSB2040) S Data Ports Self-Powered Hubs:
Internal function and downstream port
j power does not come from USB.
LDO Reg.
Upstream (TPS7201) oo ] Embedded .
Vbus (TPS7133) fmmmmmmmmmmt>| FUINCtiON Low Powered Function:
5 Unit Loads (TPS7333) 1 Unit Load . —
1 Unit Load = 100mA
N High Powered Function:
>+ Switch 1 Unit Load per port =’.; D t . _
(TPS2010-15) 100mA/port _; Vl?)\L/JVsnS e 5 Unit Loads = 500mA
USB Switch Application:
USB Self-Powered Hub The Host and all Self-powered hubs must
Upstream & iImplement over-current protection. They
Pata POt 5o Reg. Hub Controller - Downstream must detect the overcurrent condition
Upstream = (TPS7201) ==t (TUSB2070) and report it to the USB Host Controller.
Vbus ggg;gg ‘ The controller will then remove power to
that port.
Power oot Embedded P
Regulator —r  FUNCEION
Supply T Unit Load LDO Regulator:
onoff - Each hub must run on 3.3V. The Vbus
> C(;‘gg;é 1L0'”1‘g) s oecpeior 10 Downstream supplies 5V nom and inputs may be as low
) " :
on comApen = as 4.40V. A 500mV max dropout voltage
= Current Limit |5 UnitLoadperport | * ’ Downstream IS recommended.
(TPS2010-15) (500mA/port) > Vbus
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MSP Power Supply Products

USB Voltage Requirements

-50,
Host or Self- SV +/-5% > Bus-Powered > Bus-Powered
Powered Hub | 4,75V (min) Hub 4.40V Function
. (min)
Expanded View
5V+/- 3% Switch & PCB Traces 5V +/-5%
P I . — :
ower Supply > Current Limit > & Connector 4.75V (min)

Host Power Supply Requirements:

Output Regulation - +5%/-7%
Power Supply Regulation - 5%
PCB/ Connector Voltage Drop - 25mV

HUB Interconnect Requirements:

Maximum Voltage Drop = 350mV (usB spec)
Maximum Cable Length = 5.0m (usB spec)
Cable resistance (20 Awg.) = 0.036 Ohm/n

—

Based on these requirements the maximur
allowable switch resistance is 150mOhm
for a 500mA USB port.

Mpson< 150MmOhm|

The requirements shown are taken directly from
sections 6 and 7 of the USB specification, and the
general PC power supply requirements. The limits
shown are all minimum requirements and/or maximum
allowable tolerances.

Working within general power supply limitations and
the USB specification a maximum g, for the
switch/current limit device used in the system is
150mOhm. On resistances higher than this, like those
found in polyfuses, would consume power in excess of
the specified USB voltage budget. Lower values for
' bsiony Would allow for increases in other system
tolerances over time and temperature.
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MSP Power Supply Products

System Calculations

HUB Interconnect Calculations: Example:
Max. Voltage Drop = 350mV (USB Spec) Vswitch = Imax * (Rpcg + Fpson) = 100mV-
Max. Cable Length =5.0m  (USB Spec) Vv _|_ R 5y (by definition)
Cable resistance = 0.036 Ohm/m Connector — max Connector — m*
(20 AWG) VCabIe: Imax RCabIe’ RCabIe = 5m* .036 Ohm/m
V >V_ .. +4*%\V + 2*V
HUB = VY switch Connector Cable ' 100mv< ZOOmOhm
V DS(on) 500mA —
Solve for bs(ony Mbs(on) < —=Mteh PC Board & Switch
I max Resistance Combined
@ . =500mA
Host Calculations: Example:

Output Regulation - 5%
Power Supply Regulation - 3%
PCB/ Connector Voltage Drop - 25mV

*
Vreg < VPSreg+ VPCB+ (IO rDS(on))

- Vieq Vpsreg Vrcs
Solve for bgony Fosien < —= I(;eg

Vieg =5% Of 5V = 250mV, Lupy = 500mA
Vpsreg= 3% Of 5V = 150mV,  Vymin) = 4.75V
Vpeg = 25mV

250mV - 150mV - 25mV

Mbs(on) < 500mA
b Texas
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MSP Power Supply Products m
Voltage Drop/Droop Requirements

» Must consider cumulative voltages drops in cables,
connectors, pc board traces, current limit devices, etc.

» Vgusmin determined by Vppop and Vpgoop
LV rop Caused by IR drop in cables, connectors (Steady State)
SV roop CAUSEd by inrush current during hot plug (Transient)
» Vgusmin) S€t BY Vecin) VOItage regulator at EOL device
& Assumes a 500mV dropout for a 3.3V + 5% regulator
Y Vayusmin = 4.1V measured at device connector
» Must consider different topologies

U Host to high-power device or bus-powered hub
U Host through bus-powered hub to low-power device

b TexAs
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MSP Power Supply Products

Virop - HOst to Self-powered Hub

4.75V 4.50V 4.45V
/
\/ - \ /
Host or 500 mA/port L
Self Device
Powered Controllfar
Power ' Hub - HP device
Supply | 500 mA/port
\ Y /\
Per v/ M V
Design 100 mV 250 mV 50 mV

» Power Supply 5.00v +/- 5%
» Host can drop 100mV

Gtraces, ferrite beads, connector, current limit device

» Detachable cable may drop 250mV max @ 500mA
» Bus-powered device may drop up to 50mV
%traces, connectors, etc

b TexAs
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MSP Power Supply Products

Voltage Drop - Host thru Hub to BP-device"ﬁ

4.75V 4.40V 4,10V
I / ‘ / | Not Specified
500 mA -
= |(max '
(max) BUS 100 mA/port Device
Host > Powered Controller
Power Integral Hub TS LP device
Supp|y Cable —
/ ‘ 100 mA/port
\ / \ / \ /
Defined vV v v

» Bus-powered hub with integral cable can drop 350mV max.
& connector, traces, power distribution switch, ferrite beads, etc

» Bus-powered Hub can use and/or distribute up to 500mA

» To meet worst case system power distribution requirements
the Bus-powered Hub may need an integral cable.
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MSP Power Supply Products m
Voltage Droop and Inrush Current

USB DESIGN REQUIREMENTS:
» 330mV max. Vproop When hot-plugging

» USB devices must draw less than 100mA from the
V-bus during hot-plug

» Maximum hot-plug load at downstream cable end is
10uF in parallel with 44Q

» Downstream ports must be bypassed with no less than
a 12QuF tantalum capacitor

» Bus-powered Hubs must provide surge limiting
U soft start when enabling downstream ports

4.10v/100mV

4.75V/330mV 4.40V/330mV (not specificlad)
SP Hub / / Bus / Bus ¥
Host Vo/Voroor __Powered Powered
Hub Device

| bTEXAS
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MSP Power Supply Products

Polyfuses vs MOSFET Switches ”;”

Polyfuse MOSFET
Report Overcurrent Condition NO YES
Fast Response Time NO (150ms) YESUEb
Limit Output Current < 5A YES YES
Meets \,rop Requirements (80mV) 2.5A Devige YES
Enabled/Disabled by Controller NO YES

Complete Polyfuse Solutiorwith Enable and Over Current Response

/ Current Limit
f—

£~ 5V -
—1 ] | Intelligent
‘Switch’ / Polyfuse —_r

POWER 5v
SUPPLY

Polyfuses do

NOT meet all of GND MOSFET switches
the requirements R do meet all of the
Port EN1 ocC .
of the USB oc1t—— | - requirements of the
USB ver Current Response

USB specification
and application
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MSP Power Supply Products

Non-Ganged Hub Power Dist. uss

D+

TPS2014 D-
Non-Ganged Configuration: e GND - ouT — v
Power Dist. Switch QTY 4 {1000“%1“ IN  ouT r
Ferrite Beads None | opt 1 llew oc I
Cap, 15QuF (USB req.) QTY 4 [ pssoa = B_+
Cap, 100QF (option) QTY 1 GND  OUT ey

150uF+ r GNDJ

D+

Cap, .JuF QTY 4 IN  ouT
WS out
EN oOC

PROS: ==

|||—

g ] LY

Lower Current Devices TPS2014 D
. . GND OuT SV
No Ferrite Beads Required N ouT 150u[:+ eno|
Good Voltage Droop Response WELLN our r
Faults only shut down the Port affected 1 | QIS E—le J_
(most user friendly) TPS2014 - o
GND OuUT 5V
CONS: A ol e e
Highest Cost solution E\'N %UCT I

NOTE: Low drop-out Voltage Regulators may be required for
powering Hub Controller from the USB V-bus

b TexAs
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MSP Power Supply Products

Ganged Hub Power Distribution

D+
: i TPS2015 D-
Ganged Configuration: GND  OUT - 5v
II:oW_er I;ist.dSWitch 8_':_':(( é 5V ¢ i.luF[F oo ‘Beads ==
errite Beads
Cap, 15QUF(USB req.) QTY 4 1 1= 1 D+
Cap, 100QF (option) QTY 1 — o
Cap, .JuF QTY 1 Fertie onol
D+
PROS TPS2015 = D-
: GND OuUT 5V
Most Cost Effective ilOOOUF W o ‘Bends Gho|
Lowest IC Count 1o 7 EN oC —
L1 D
CONS: : 5V
Ferrite %

Beads

Fault on one port shuts down switch, and all ports go down
Ferrite Beads required (adds impedance between outputs, lowers V-droop)
Higher current devices required (2 X 500mA = 1A min, with 5A UL max) =

NOTE: Low drop-out Voltage Regulators will be required for

powering Hub Controller from the USB V-bus
JU TexAs
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MSP Power Supply Products

USB - The Tl Advantage

Tl has a CompleteUSB Hub Solution:
» TUSB2040/70 Hub Controllers Tlis
» TPS7XXX LDO Voltage Regulators writing
» TPS2014/15 Power Distribution Switch the book and
OWer LIStribution SWItthes handing you solutions
» SN75240 Dataline Transient Suppresser

& Each area with a customer/spec driven roadmap

T1 devices meet the USB specification requirements for low &
high powered ports

TPS2014/15 max. supply current is one of the industries lowest

TPS2014/15 output rise time is one of the industries slowest, this
further limits unwanted surge currents at turn on

TPS2014/15 are pinned out for easy implementaion

b TexAs
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MSP Power Supply Products

Summary

USB power management was designed in from the start

lllegal topologies gracefully rejected

Designs must pay strict attention tgads and \roop l'eg.
Current limit devices, power switches, and LDO regulators are

required by the USB spec.

Polyfuses, in general, are not an adequate current limit

device for power management

System Power Configuration

|

Function
USB Keyboard,

Conn] Mouse,
Etc.

|

Self-Powereg Bus
Hub or 475V Powered| USB
Host - Hub |Conn
min = 4.40V
uSB uSB | nin
Connl| cable ||Conn I
i i USB
Upto7 No more C
High-power than 4 Low | <O} Cable
Port outputs Power outputs= -
PC, Printer, Keyboard, Modem,
Monitor, etc. Joystick, Speaker, etc

Function
USB Keyboard,
Conn] Mouse

J:

Etc.
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MSP Power Supply Products

TPS2014/15 Power Distribution Switches

TPS2014/15

High-Side MOSFET Switch
- 95 mQ max rDS(On)(S.S-V input)
- TPS2014: 0.6A continuous, 1.2A current limit
- TPS2015: 1.0A continuous, 2.0A current limit
2V Logic Compatible Enable Input
Overcurrent and Thermal Protection
With Overcurrent logic output

4.0V to 5.5V Operating Range (7V max)
(Due to UVLO) IN

Controlled Rise and Fall Times limits
Current Surges and minimizes EMI.

Undervoltage Lock-Out Guarantees the
Switch is Off at Power Up

Thermal Protection

10u A Maximum Standby Current

/EN

GND | Thermal

= Sense

Applications

- USBBus-Powered and Self-Powered Hubs
- Hotinsertion applications

- Power Distribution

D PACKAGE

GND 11

IN T
/EN

A W N P

(TOP VIEW)

]._ﬂ. T ouT
Pump 1

ﬂ| Driver [¢ Current | /0C

Limit
wio |1 %

Maintenance Free Over-Current and Thermal Protection
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