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Universal Serial Bus (USB) Version 1.0 N PACKAGE
Compliant (TOP VIEW)
Integrated USB Transceivers OVRCURD iR U 28] BWRONG
Four Downstream Ports PWRONL B 27[] Vee
Two Power Source Modes OVRCURL [| 3 26[] OVRCUR3
— Self-powered Mode DPO [ 4 25[] PWRON3
— Bus-powered Mode DMO [| 5 24[] GND
Power Switching and Overcurrent GND [] 6 23] XTAL1
Reporting is Provided Ganged or Per Port DP1[]7 22|] XTAL2
All Downstream Ports Support Full-Speed DM1[]8 21[] EXTMEM
and Low-Speed Operations BUSPWRI/SCL [| 9 20[] PWRON4
Supports Suspend and Resume Operations GANGED/SD%; E 1019 % %’M
. . . . 1 18
Pin-to-Pin Compatible with the TUSB2040
: I DM2[|12  17|] DM4
Device when EXTMEM Pin is Low
Vee [z 16]] DP4
Supports Programmable Vendor ID and pP3[J14  15[] DM3
Product ID With External Serial EEPROM

Tri-State EEPROM Interface to Allow
EEPROM Sharing

Available in 28-Pin DIP Package
3.3-V Operation

description

The TUSB2040A hub is a 3.3-V CMOS device that provides up to four downstream ports in compliance with
the USB specification 1.0 version. Pin 21 (EXTMEM) enables or disables the EEPROM interface. When
EXTMEM is low, the TUSB2040A is functionally equivalent to the TUSB2040 hub and the product ID (PID)
displayed during enumeration is “General purpose USB hub”. For this configuration, pins 9 and 10 are the
BUSPWR and GANGED input pins, respectively.

If programmable vendor ID(VID) and product ID(PID) descriptors are desired, pin 21 must be high (EXTMEM
= 1) and a SGS Thompson M93C46 or equivalent EEPROM must be connected to pins 9 and 10. For this
configuration, the values for BUSPWR and GANGED are stored in the EEPROM and pins 9 and 10 become
the EEPROM interface.

The TUSB2040A supports bus-power and self-power modes. The power switching to the downstream ports can
either be controlled individually or ganged using external devices to switch power and to detect overcurrent
conditions. Outputs from the external power devices provide overcurrent inputs to the TUSB2040A OVRCUR
pins and in the case of an overcurrent condition, the corresponding PWRON pins will be disabled by the
TUSB2040A. In the GANGED operation, all PWRON signals transition simultaneously, and any OVRCUR input
can be used.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS

Copyright 00 1997, Texas Instruments Incorporated
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The hub requires a 48-MHz clock signal to sample data from the upstream port and generate a synchronized
12-MHz USB clock signal. The hub supports the flexibility to use any device that generates a 48-MHz clock.
Because the majority of oscillators are active devices, the low power suspend mode of the TUSB2040A will not
function because there is no way to stop the oscillator from driving the internal clock. An oscillator with a TTL
output not exceeding 3.6 V can be used by connecting its output to the XTAL1 terminal and leaving the XTAL2
terminal open. For crystal or resonator implementations, use the XTAL1 terminal as the input and the XTAL2
terminal as the feedback path. Because the crystal is required to resonate at 48 MHz, a tuning circuit as shown

in Figure 8 may be required.

The upstream port and all downstream ports are USB-compliant transceivers. Every downstream port supports
both full-speed and low-speed connections by automatically setting the slew rate according to the speed of the
device attached to the port.

functional block diagram
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Terminal Functions

TERMINAL
1/O DESCRIPTION
NAME NO.
BUSPWR/SCL 9 1/0O | Power source input/EEPROM serial clock. When EXTMEM is low, BUSPWR/SCL is an active low input that
indicates whether the ports and the hub derive power from the bus or the local supply. When EXTMEM is
high, BUSPWR/SCL acts as a tri-state serial clock output to the EEPROM with a 100 pA internal pulldown.
This standard TTL input must not change dynamically during operation.
DMO 5 I/0 | Root port USB differential data minus. DMO paired with DPO constitutes the upstream USB port.
DM1 - DM4 8,12, 1/0 | USB differential data minus. DM1 — DM4 paired with DP1 — DP4 support up to four downstream USB ports.
15,17

DPO 4 1/0 | Root port USB differential data plus. DPO paired with DMO constitutes the upstream USB port.

DP1 - DP4 7,11, I/0 | USB differential data plus. DP1 — DP4 paired with DM1 — DM4 support up to four downstream USB ports.
14,16

GANGED/SDA 10 I/O | Power switching and overcurrent detection mode/EEPROM serial data 1/0. When EXTMEM is low,
GANGED/SDA selects between gang or per port switching for the overcurrent detection of the downstream
ports. When EXTMEM is high, GANGED/SDA acts as a tri-state serial data I/O to and from the EEPROM
with a 100 pA internal pull-down. This standard TTL input must not change dynamically during operation.

GND 6, 24 Ground. GND terminals must be tied to ground for proper operation.

EXTMEM 21 | | EEPROM read enable. When EXTMEM is low, it disables the serial EEPROM interface of the device. Pins
9 and 10 are configured as BUSPWR and GANGED, respectively. When EXTMEM is high, it enables the
serial EEPROM interface and pins 9 and 10 are configured as SCL and SDA, respectively.

OVRCUR1 — 3,1, I | Overcurrent indicators. OVRCUR1 — OVRCUR4 are active low, standard TTL inputs. One overcurrent

OVRCUR4 26,19 indicator is available for each of the four downstream ports. In GANGED mode, one implementation is to tie
these inputs together. Alternatively, one OVRCUR input pin may be used with the remaining OVRCUR pins
tied to Vcc.

PWRON1 - 2,28, O | Power-on/-off control signals. PWRON1 — PWRON4 are active low, open-drain outputs. One power-on/-off

PWRON4 25,20 control switch is used for each of the four downstream ports. In GANGED mode, all outputs are switched
together.

RESET 18 I | Reset. RESET is an active low TTL input with hysteresis and must be asserted at power up. When RESET
is asserted, it initializes all logic.

Vce 13, 27 3.3-V supply voltage

XTAL1 23 I | Crystal 1. XTAL1 is a 48-MHz crystal input with 50 % duty cycle. Operation at 48-MHz is four times the USB
full-speed bit rate of 12 Mbps.

XTAL2 22 O | Crystal 2. XTAL2 is a 48-MHz crystal output. Operation at 48-MHz is four times the USB full-speed bit rate
of 12 Mbps. This terminal is left open when using an oscillator.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo (SEe NOte 1) ...t -0.5Vto3.8V
INPUEt VOIRAGE raNGE, V| .« .ot e e -05VtoVece+0.5V
Output voltage range, Vo .. ... -05VtoVee+05V
Input clamp current, lik, (Vi <OV OrVi>Vee) oo +20 mA
Output clamp current, ok, (Vo <OV OrVo >VeE) oo +20 mA
Storage temperature range, Tggg -« v ovvveii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage levels are with respect to GND.
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recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vcc 3 3.3 3.6 \%
Input voltage, TTL/LVCMOS, V| 0 Vce \
Output voltage, TTL/LVCMOS, Vo 0 Vce \%
High-level input voltage, signal-ended receiver, V|H(REC) 2 Vce \%
Low-level input voltage, signal-ended receiver, Vi (REC) 0.8 \
High-level input voltage, TTL/LVCMOS, V|H(TTL) 2 Vce \Y
Low-level input voltage, TTL/LVCMOS, V| (TTL) 0.8 \
Operating free-air temperature, Tp 0 70 °C
External series, differential driver resistor, R(DRV) 22 (-5%) 22 (+5%) Q
Operating (dc differential driver) high speed mode, f(OpPRH) 12 | Mb/s
Operating (dc differential driver) low speed mode, f(opRL) 1.5 ] Mb/s
Common mode, input range, differential receiver, V(|cR) 0.8 25 \%
Input transition times, t, TTL/LVCMOS 6 ns
electrical characteristics over recommended ranges of operating free-air temperature and supply
voltage (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX UNIT
_ _ R(DRV) = 15 kQ, to GND 2.8 3.6
VOH High-level output voltage USB data lines - \%
loH =—12 mA (without R(DRV)) Vcc-05
TTL/LVCMOS | loL =4 mA 0.5
VoL Low-level output voltage USB data lines R(DRv) =15 k.Q to3.6V 0.3 \
loL = 12 mA (without R(DRV)) 0.5
TTL/LVCMOS \%
VIT+ Positive input threshold voltage -
Single-ended 08V<sV|crRs25V 1.8 \
TTL/LVCMOS 0.8 \%
ViT= Negative-input threshold voltage -
Single-ended 08V<sV|crs25V 1 \Y
Vhys Input hysteresisT (Vs V1) TTL/LVCMOS 0.25 0.7 \%
Single-ended 08V<sV|crs25V 300 500 mvV
o TTL/LVCMOS V =V or GNDt +10 HA
loz High-impedance output current -
USB datalines |0V <Vp<Vce +10 MA
L Low-level input current TTL/LVCMOS V| =GND -1 MA
IIH High-level input current TTL/LVCMOS V|=Vce 1 MA
Zo(DRV) Driver output impedance USB data lines | Static VoH or VoL 7.1 19.9 Q
ViD Differential input voltage USB datalines |0.8V<V|crs25V 0.2 \
lec Input supply current Normal operation 100 mA
Suspend mode 1 HA

1 Applies for input buffers with hysteresis
t Applies for open drain buffers
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differential driver switching characteristics over recommended ranges of operating free-air
temperature and supply voltage, C | =50 pF unless otherwise noted (see Figures 1 and 2)

full speed mode

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tr Transition rise time for DP or DM See Figure 1 and Figure 2 4 20 ns
tf Transition fall time for DP or DM See Figure 1 and Figure 2 4 20 ns
Y{RFEM) Risef/fall time matching (ty/tf) x 100 90 110 %
Vo(CRs) Signal crossover output voltage 13 2.0 \Y

low speed mode

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tr Transition rise time for DP to DM C.'- = 50 pF to 350 pF, See Figure 1 and 75 300 ns

Figure 2
tf Transition fall time for DP to DM (F:'L = 50 pF to 350 pF, See Figure 1 and 75 300 ns
igure 2
Y{REM) Risef/fall time matching (ty/tf) x 100 80 120 %
Vo(CcRs) Signal crossover output voltage CL =50 pF to 350 pF 13 2.0 \Y

V(TERM) = 2.8V
DP

22Q

Full 1.5kQ

Figure 1. Differential Driver Switching Load
DM 509 VOH
VO(CRS) >< X
DP | ] L VoL
=

Figure 2. Differential Driver Timing Waveforms
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Figure 3. Differential Receiver Input Sensitivity vs. Common Mode Input Range

Logic high

Figure 4. Single-Ended Receiver Input Signal Parameter Definitions
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APPLICATION INFORMATION

A major advantage of USB is the ability to connect 127 functions configured in up to six logical layers (tiers) to
a single personal computer (See Figure 5).

PC
With Root Hub

Monitor
With 4-Port Hub (Self-Powered)

Keyboard \ \ Printer
With 4-Port Hub With 4-Port Hub
(Bus-Powered) Modem Telephone (Self-Powered)
Left Mouse Right Scanner Digital
Speaker Speaker Scanner

Figure 5. USB Tiered Configuration Example

Another advantage of USB is that all peripherals are connected using a standardized four wire cable that
provides both communication and power distribution. The three power configurations are bus-powered,
self-power and high-power modes. For all three configurations, 100 mA is the maximum current that may be
drawn from the USB 5-V line during power up. For bus-power mode, a hub can draw a maximum of 500 mA from
the 5-V line of the USB cable. A bus-powered hub must always be connected downstream to a self-powered
hub unless it is the only hub connected to the PC and there are no high-powered functions connected
downstream. In the self-power mode, the hub is connected to its own power supply and can supply up to 500
mA to each downstream port. High-powered functions may draw a maximum of 500 mA and may only be
connected downstream to self-powered hubs.

Both bus-powered and self-powered hubs require overcurrent protection for all downstream ports. The two
types of protection are individual port management (individual port basis) or ganged port management (multiple
port basis). Individual port management requires power management devices for each individual downstream
port, but adds robustness to the USB system because, in the event of an overcurrent condition, the USB host
powers down the port that has the condition. The ganged configuration uses fewer power management devices
and thus has lower system costs, but in the event of an overcurrent condition on any of the downstream ports,
all the ganged ports are disabled by the USB host.

Using a combination of the BUSPWR and GANGED inputs, the TUSB2040A supports four modes of power
management: bus-powered hub with either individual port power management, or ganged port power
management and the self-powered hub with either individual port power management, or ganged port power
management. Texas Instruments supplies the complete hub solution because we offer this TUSB2040A, the
TUSB2070 (7—port) and the TUSB2140 (4-port with 12C) hubs along with the power management chips needed
to implement a fully USB Specification 1.0 compliant system.
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APPLICATION INFORMATION

USB design notes

The following sections provide block diagram examples of how to implement the TUSB2040A device. Please
note, even though no resistors are shown, pull-up, pull-down and series resistors must still be used to properly
implement this device. Figure 1 shows a few resistors that must be used for the USB lines, and for a general
reference design, one is available on the TI USB web site.

Figure 6 is a block diagram example of how to connect the external EEPROM if a configurable Product ID and

Vendor ID are desired. Please note that the pin numbers in Figure 6 are for the DIP package.

Figure 9 shows the EEPROM Read Operation Timing Diagram.

Figures 10, 11 and 12 illustrate how to connect the TUSB2040A device for different power source and port power

management combinations.

" TUSB2040A USB Hub 5V GND } BUS or Local Power
48-MHz Clock
Sl »| xTALL
ignal 22 13,27 Reaul
vV egulator |—e
| xTAL2 cc
33V
18
System | ==
Power-On Reset > RESET 6,24
GND
21
EXTMEM 7,11, 14, 16 4
4 DP1-DP4 | >
a | -
h 4 DPO 8,12, 15,17 4,
EEPROM < »| pmo DM1-—-DM4 4 »> USB Data lines
6 3 10 3,1,26,19 4 and Power to
ORG D|—e < »{ SDA OVRCUR1 - [« Power =—<» GND | Downstream
1kQ 9 OVRCUR4 Switchi Ports
3 4 P 9 """ |2,28,25,20 | Switching | 4
Vee Q < »{ scL PWRON1 — > <> Vpus
PWRON4
5 2
Vss C
NT >
4

t Figures 7 and 8 are two examples of how to generate the 48-MHz clock signal.
Figure 6. Typical Application of the TUSB2040 USB Hub

Ceralock R10
XTALL —— Resonator _/\/\/\/_ XTAL2
220 Q

NOTES: A. The easiest way to achieve the required 48-MHz clock signal is to use a resonator such as the Ceralock Resonator, P/N
CST48.00MXZ040, manufactured by MuRata Electronics, Inc., and shown in Figure 7. This implementation is recommended
over the crystal in Figure 8 because it does not require an elaborate tuning circuit, causes less EMI issues, only requires one
220 Q resistor and costs less. This implementation works for various board layer layouts without any modifications.

Figure 7. Resonator Clock Circuit
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APPLICATION INFORMATION

R70
2.2kQ
XTALL D }—{ XTAL2
Y1 C66 C68
47 pF 1000 pF
c67
L195.6 pH 12 b

NOTES: B. This application shows a third harmonic 48-Mhz crystal, P/N HC-18/U 48-MHz, manufactured by US Crystal, Inc. Since the first
harmonic of most crystals is not 48-MHz, a tuning circuit such as this must be used to tune the crystal to the required 48-MHz clock
signal. When tuning the crystal (Y1) for different board implementations, the capacitor (C67) and the resistor (R70) are subject
to change and the other components should remain the same.

Figure 8. Crystal Tuning Circuit
programming the EEPROM

An SGS Thompson M93C46 EEPROM or equivalent is used for storing the programmable VID and PID. When
the EEPROM interface is enabled (EXTMEM = 1), the SCL and SDA are internally pulled down (100 pA) inside
the TUSB2040A. However, in low-power suspend mode, the BUSPWR/SCL pin must be externally pulled down
because the internal pulldowns are disabled. The internal pulldowns are also disabled when the EEPROM
interface is disabled (EXTMEM = 0).

The EEPROM is programmed with the three 16-bit locations as shown in Table 1. Connecting pin 6 of the
EEPROM high (ORG = 1) organizes the EEPROM memory into 64x16 bit words.

Table 1. EEPROM Memory Map

ADDRESS D15 D14 D13 D12-D8 D7-DO
00000 0 GANGED |  BUSPWR 00000 00000000
00001 VID High-byte VID Low-byte
00010 PID High-byte PID Low-byte
XXXXXXXX

The D and Q signals of the EEPROM must be tied together using a 1 kQ resistor with the common I/O operations
forming a single-wire bus. After system power-on reset, the TUSB2040A performs a one-time access read
operation from the EEPROM if the EXTMEM pin is pulled high and the chip select of the EEPROM is connected
to the system power-on reset. Initially, the SDA pin will be driven by the TUSB2040A to send a start bit (1) which
is followed by the read instruction (10) and the starting-word address (00000). Once the read instruction is
received, the instruction and address are decoded by the EEPROM, which then sends the data to the output
shift register. At this point, the hub stops driving the SDA pin and the EEPROM starts driving. A dummy (0) bit
is then output and the first three 16-bit words in the EEPROM are output with the most significant bit (MSB) first.

The output data changes are triggered by the rising edge of the clock provided by the TUSB2040A on the SCL
pin. The SGS-Thompson M936C46 EEPROM is recommended because it advances to the next memory
location by automatically incrementing the address internally. Any EEPROM used must have the automatic
internal address advance function. After reading the three words of data from the EEPROM, the TUSB2040A
puts the EEPROM interface into a high-impedance condition (pulled down internally) to allow other logic to share
the EEPROM. The EEPROM read operation is summarized in Figure 9. For more details on EEPROM
operation, refer to SGS-Thompson Microelectronics M93C46 Serial Microwire Bus EEPROM data sheet.
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APPLICATION INFORMATION

bus-powered hub, ganged port power management

A bus-powered TUSB2040A supports up to four downstream ports (operation shown in Figure 9) and is capable
of supplying 100 mA of current for low-power device class functions to each downstream port. Bus-powered
hubs mustimplement power switching. Ganged power management (see Figure 9) utilizes the TPS2014 power
switch device and provides overcurrent protection for downstream ports. Individual SN75240 transient
suppressors reduce in-rush current and voltage spikes. The TPS7133 low-dropout voltage regulator provides
a power good (PG) signal for reset at power up. OVRCUR1 — OVRCUR4 inputs can be tied together for ganged
mode operation.

TUSB2040A
BUSPWR/SCL
Upstream __l_ Downstream
Port GANGED/SDA [— 3.3V Ports
D+ ® DPO DP1 T D+
DM1 - D-
D- SN752407 DMO L A Ferrite Beads
= s e
B D 5N75240T_| =
DP2 — |I— 5V
DM2 l
TPS7133" T 12048
>V 4.7 uF >V o T N
M DM3
|V D+
0.1 uF 33V P47 uF ce L A C
GND GND | T B D ) D-
PG — SN75240T_| Ferrite Beads
— DP4 _|__D_ GND
XTAL1 bMa4 -
| TPS2014T ‘—DI— 5V
48-MHz Clock PWRON1 EN IN
signal ¥ __‘|_ LuF T 120pF8
| YTAL? PWRON2 | — - T -
PWRON3 |— OC OUT |— @
- D+
PWRON4 f— b_
EXTMEM Ferrite Beads
l J__D_ GND
= OVRCUR1 =
N5~55 5V
RESET OVRCUR2 b 4 (] I
OVRCUR3
b Th20r8
OVRCUR4 =
l GND D+
= Ferrite Beads |0~
FD_ GND
S I—I 5V
T TPS2014, TPS7133, and SN75240 are Texas Instruments devices.
+ See Figures 7 and 8. I 120 uFS
8§ Minimum value required per USB specification, version 1.0. = "
Figure 10. TUSB2040A Bus-Powered Hub, Ganged Port Power Management Application
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APPLICATION INFORMATION

self-powered hub, ganged port power management

A self-powered TUSB2040A can also be implemented using ganged port power management. This
implementation is similar to the individual power management except one TPS2015 provides power switching
and overcurrent protection for two ports. Although this is a more economical solution, a fault on one downstream
port causes power to be removed from both downstream ports.

Upstream TUSB2040A 33V
Port
D+ ® DPO BUSPWR/SCL j Downstream
D MO GANGED/SDA Ports
SN75240T
 C DP1 T D+
B D DM1 D—
5V |_ Ferrite Beads
TPs7133t A C
= 5 b _,__D_ GND
4.7 uF T_I —
SN75240 =
0.1 uF 3.3V 47 uF Vce DP2 l 5V
GND}— GND [T DM2
pc | = DP3 T 120pF8
= DM3 |_ =
A C
B D D+
| XTAL1 D
SN752407 ,
48-MHz Clock DP4 Ferrite Beads
Signal ¥ DM4 l— _,__D_ GND
| XTAL2 =
T
120 pF8
TPS2015% 1 W
PWRON1|——@—EN IN
I EXTMEM D+
= Toawr D-
RESET PWRON2 |- nC oc ouT — Ferrite Beads
GND PWRON3 |- nC { Hono
PWRON4 |— NC =
— —DT 5V
OVRCUR1 T 120r8
OVRCUR2 =
OVRCUR3 D+
OVRCUR4 TPS2015T D-
EN IN —F’ Ferrite Beads
_,__D_ GND
Toawr L
OC OuT |— ._DT 5V
®
I 120 pF8
T TPS2015, TPS7133, and SN75240 are Texas Instruments devices. 5V Board Power
t See Figures 7 and 8. Supply __|

§ Minimum value required per USB specification, version 1.0. =

Figure 11. TUSB2040A Self-Powered Hub, Gan ged Port Power Mana gement
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APPLICATION INFORMATION

self-powered hub, individual port power management

A self-powered TUSB2040A is capable of supplying 500 mA of current for low-power or high-power device class
functions to each downstream port. Self-powered hubs are required to implement overcurrent protection.
Individual port-power management (see Figure 11) utilizes the TPS2014 power switching and overcurrent
protection that provide maximum robustness to the hub system. When the hub detects a downstream port fault,
power is removed from the faulty port only, thus allowing other ports to continue normal operation. Individual
SN75240 transient suppressors reduce in-rush current and voltage spikes. The TPS7133 low-dropout regulator
provides a power good (PG) signal for reset at power up.
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8§ Minimum value required per USB specification, version 1.0.
Figure 12. TUSB2040A Self-Powered Hub, Individual Port-Power Management Application
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NOTES: C. Alllinear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Falls within JEDEC MS-011

Falls within JEDEC MS-015 (32-pin only)
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