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IMPORTANT NOTICE

Dear customer,

As from August 2" 2008, the wireless operations of NXP have moved to a new company,
ST-NXP Wireless.

As a result, the following changes are applicable to the attached document.

® Company name - Philips Semiconductors is replaced with ST-NXP Wireless.

® Copyright - the copyright notice at the bottom of each page “© Koninklijke Philips
Electronics N.V. 200x. All rights reserved”, shall now read: “© ST-NXP Wireless 200x -
All rights reserved”.

® Web site - http://www.semiconductors.philips.com is replaced with
http://www.stnwireless.com

® Contact information - the list of sales offices previously obtained by sending an email
to sales.addresses @ www.semiconductors.philips.com, is now found at
http://www.stnwireless.com under Contacts.

If you have any questions related to the document, please contact our nearest sales office.
Thank you for your cooperation and understanding.
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www.stnwireless.com



Full-speed Universal Serial Bus single-chip host and device
controller

Rev. 03 — 23 December 2004 Product data

| ISP1161A

1. General description

The ISP1161A is a single-chip Universal Serial Bus (USB) Host Controller (HC) and
Device Controller (DC). The Host Controller portion of the ISP1161A complies with
Universal Serial Bus Specification Rev. 2.0, supporting data rates at full-speed

(12 Mbit/s) and low-speed (1.5 Mbit/s). The Device Controller portion of the
ISP1161A also complies with Universal Serial Bus Specification Rev. 2.0, supporting
data rates at full-speed (12 Mbit/s). These two USB controllers, the HC and the DC,
share the same microprocessor bus interface. They have the same data bus, but
different I/O locations. They also have separate interrupt request output pins,
separate DMA channels that include separate DMA request output pins and DMA
acknowledge input pins. This makes it possible for a microprocessor to control both
the USB HC and the USB DC at the same time.

ISP1161A provides two downstream ports for the USB HC and one upstream port for
the USB DC. Each downstream port has an overcurrent (OC) detection input pin and
power supply switching control output pin. The upstream port has a Vgys detection
input pin. ISP1161A also provides separate wake-up input pins and suspended status
output pins for the USB HC and the USB DC, respectively. This makes power
management flexible. The downstream ports for the HC can be connected with any
USB compliant devices and hubs that have USB upstream ports. The upstream port
for the DC can be connected to any USB compliant USB host and USB hubs that
have USB downstream ports.

The HC is adapted from the Open Host Controller Interface Specification for USB
Release 1.0a, referred to as OHCI in the rest of this document.

The DC is compliant with most USB device class specifications such as Imaging
Class, Mass Storage Devices, Communication Devices, Printing Devices and Human
Interface Devices.

ISP1161A is well suited for embedded systems and portable devices that require a
USB host only, a USB device only, or a combination of a configurable USB host and
USB device. ISP1161A brings high flexibility to the systems that have it built-in. For
example, a system that uses an ISP1161A allows it not only to be connected to a PC
or USB hub with a USB downstream port, but also to be connected to a device that
has a USB upstream port such as a USB printer, USB camera, USB keyboard or a
USB mouse. Therefore, the ISP1161A enables peer-to-peer connectivity between
embedded systems. An interesting application example is to connect an ISP1161A
HC with an ISP1161A DC.

Consider an example of an ISP1161A being used in a Digital Still Camera (DSC)
design. Figure 1 shows an ISP1161A being used as a USB DC. Figure 2 shows an
ISP1161A being used as a USB HC. Figure 3 shows an ISP1161A being used as a
USB HC and a USB DC at the same time.

= PHILIPS
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Fig 1. ISP1161A operating as a USB device.
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Fig 2. ISP1161A operating as a stand-alone USB host.
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ISP1161A operating as both USB host and device simultaneously.
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2. Features

Full-speed USB single-chip host and device controller

9397 750 13962

Complies with Universal Serial Bus Specification Rev. 2.0

The Host Controller portion of the ISP1161A supports data transfer at full-speed
(12 Mbit/s) and low-speed (1.5 Mbit/s); the Device Controller portion of the
ISP1161A supports data transfer at full-speed (12 Mbit/s)

Combines the HC and the DC in a single chip
On-chip DC complies with most USB device class specifications

Both the HC and the DC can be accessed by an external microprocessor via
separate 1/0 port addresses

Selectable one or two downstream ports for the HC and one upstream port for the
DC

High-speed parallel interface to most of the generic microprocessors and
Reduced Instruction Set Computer (RISC) processors such as:

# Hitachi® SuperH™ SH-3 and SH-4
¢ MIPS-based™ RISC
& ARM7™ ARM9™, StrongARM®

Maximum 15 Mbyte/s data transfer rate between the microprocessor and the HC,
11.1 Mbyte/s data transfer rate between the microprocessor and the DC

Supports single-cycle and burst mode DMA operations

Up to 14 programmable USB endpoints with 2 fixed control IN/OUT endpoints for
the DC

Built-in separate FIFO buffer RAM for the HC (4 kbytes) and DC (2462 bytes)

Endpoints with double buffering to increase throughput and ease real-time data
transfer for both DC transfers and HC isochronous (ISO) transactions

6 MHz crystal oscillator with integrated PLL for low EMI
Controllable LazyClock (100 kHz = 50 %) output during ‘suspend’
Clock output with programmable frequency (3 MHz to 48 MHz)

Software controlled connection to the USB bus (SoftConnect™) on upstream port
for the DC

Good USB connection indicator that blinks with traffic (GoodLink™) for the DC
Software selectable internal 15 kQ pull-down resistors for HC downstream ports

Dedicated pins for suspend sensing output and wake-up control input for flexible
applications

Global hardware reset input pin and separate internal software reset circuits for
HC and DC

Operation from a 5V or a 3.3 V power supply
Operating temperature range —40 °C to +85 °C
Available in two LQFP64 packages (SOT314-2 and SOT414-1).

© Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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Full-speed USB single-chip host and device controller

3. Applications

Personal Digital Assistant (PDA)
Digital camera

Third-generation (3-G) phone
Set-Top Box (STB)

Information Appliance (lA)
Photo printer

MP3 jukebox

Game console.

4. Ordering information

Table 1:  Ordering information

Type number Package

Name Description Version
ISP1161ABD LQFP64 plastic low profile quad flat package; 64 leads; body 10 x 10 x 1.4 mm SOT314-2
ISP1161ABM LQFP64 plastic low profile quad flat package; 64 leads; body 7 x 7 x 1.4 mm SOT414-1

9397 750 13962 © Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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Block diagram
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Full-speed USB single-chip host and device controller
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6. Pinning information

Full-speed USB single-chip host and device controller

9397 750 13962

6.1 Pinning

DGND [ 1 |
D2[2]

D3 [ 3]

D4 4]
D5[5 |

D6 [ 6 |

D7 [7]
DGND [ 8|
D8 [ 9]

D9 [10]
D10 [11]
D11 [12]
D12 [13]
D13 [14]
DGND [15]
D14 [16]

63] DO
[62] DGND
El n.c.

4] H_oCH1

54]

53] H_DP2

52] H_DM2

H_DP1

51

[50] H_DM1

49] D_DP

N
O 64] D1

) o
- o E»/ % 8 8I
< < > < > IT
[8] [2] [2] [5] [#] [8]
ISP1161ABD
ISP1161ABM

48] D_DM

45] DGND

[ 44] XTAL2

[43] XTAL1

| 42] H_SUSPEND
41] cLkouT

[ 40] H_WAKEUP

39] D_VBUS

| 38] GL

37] D_WAKEUP

36] D_SUSPEND

35] DGND
34] EOT

33] NDP_SEL

D15 [17]
DGND [18]
Vhoia1 [19]

n.c. @
w2
Vholdz [24]
DREQ1 [25]
DREQ2 [26]

Fig 7. Pin configuration LQFP64.

INT1 [29]
INT2 [30]
TEST [31]

004aaa085

6.2 Pin description

Table 2:  Pin description for LQFP64

Symboll'] Pin Type Description

DGND 1 - digital ground

D2 2 110 bit 2 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D3 3 110 bit 3 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D4 4 1/10 bit 4 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D5 5 110 bit 5 of bidirectional data; slew-rate controlled; TTL input;

three-state output

© Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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Full-speed USB single-chip host and device controller

Table 2:  Pin description for LQFP64 ...continued

Symboll'] Pin Type Description

D6 6 110 bit 6 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D7 7 110 bit 7 of bidirectional data; slew-rate controlled; TTL input;
three-state output

DGND - digital ground

D8 9 1/0 bit 8 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D9 10 110 bit 9 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D10 1 1/10 bit 10 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D11 12 110 bit 11 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D12 13 110 bit 12 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D13 14 110 bit 13 of bidirectional data; slew-rate controlled; TTL input;
three-state output

DGND 15 - digital ground

D14 16 110 bit 14 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D15 17 110 bit 15 of bidirectional data; slew-rate controlled; TTL input;
three-state output

DGND 18 - digital ground

Vhold1 19 - voltage holding pin; internally connected to the Viey3.3) and
Vhold2 pins. When V¢ is connected to 5V, this pin will
output 3.3 V, hence do not connect it to 5 V. When V¢ is
connected to 3.3V, this pin can either be connected to
3.3 V or left unconnected. In all cases, decouple this pin to
DGND.

n.c. 20 - no connection

Cs 21 I chip select input

RD 22 | read strobe input

WR 23 | write strobe input

Vhold2 24 - voltage holding pin; internally connected to the Vieq(3.3) and
Vholdt Pins. When V¢ is connected to 5V, this pin will
output 3.3 V, hence do not connect it to 5 V. When V¢ is
connected to 3.3V, this pin can either be connected to
3.3 V or left unconnected. In all cases, decouple this pin to
DGND.

DREQ1 25 o HC DMA request output (programmable polarity); signals
to the DMA controller that the ISP1161A wants to start a
DMA transfer; see Section 10.4.1

DREQ2 26 O DC DMA request output (programmable polarity); signals
to the DMA controller that the ISP1161A wants to start a
DMA transfer; see Section 13.1.4

DACKA1 27 | HC DMA acknowledge input; when not in use, this pin must
be connected to V¢ via an external 10 kQ resistor

9397 750 13962 © Koninklijke Philips Electronics N.V. 2004. All rights reserved.
Product data Rev. 03 — 23 December 2004 8 of 134
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Full-speed USB single-chip host and device controller

Table 2:  Pin description for LQFP64 ...continued

Symboll']
DACK2

INT1
INT2
TEST
RESET

NDP_SEL

EOT

DGND
D_SUSPEND
D_WAKEUP

D_VBUS

H_WAKEUP

CLKOUT

H_SUSPEND
XTAL1

XTAL2

Pin
28

29

30

31

32

33

34

35
36
37

38

39

40

41

42
43

44

Type

)

Description

DC DMA acknowledge input; when not in use, this pin must
be connected to V¢ via an external 10 kQ resistor

HC interrupt output; programmable level, edge triggered
and polarity; see Section 10.4.1

DC interrupt output; programmable level, edge triggered
and polarity; see Section 13.1.4

test output; used for test purposes only; this pin is not
connected during normal operation

reset input (Schmitt trigger); a LOW level produces an
asynchronous reset (internal pull-up resistor)

indicates to the HC software the Number of Downstream
Ports (NDP) present:

0 — select 1 downstream port
1 — select 2 downstream ports

only changes the value of the NDP field in the
HcRhDescriptorA register; both ports will always be
enabled; see Section 10.3.1

(internal pull-up resistor)

DMA master device to inform the ISP1161A of end of DMA
transfer; active level is programmable; see Section 10.4.1

digital ground
DC ‘suspend’ state indicator output; active HIGH

DC wake-up input; generates a remote wake-up from
‘suspend’ state (active HIGH); when not in use, this pin
must be connected to DGND via an external 10 kQ resistor
(internal pull-down resistor)

GoodLink LED indicator output (open-drain, 8 mA); the
LED is default ON, blinks OFF upon USB traffic; to connect
a LED use a series resistor of 470 Q (Vgc = 5.0 V) or

330 Q (Ve =3.3V)

DC USB upstream port Vgys sensing input; when not in
use, this pin must be connected to DGND via a 1 MQ
resistor

HC wake-up input; generates a remote wake-up from
‘suspend’ state (active HIGH); when not in use, this pin
must be connected to DGND via an external 10 kQ resistor
(internal pull-down resistor)

programmable clock output (3 MHz to 48 MHz); default
12 MHz

HC ‘suspend’ state indicator output; active HIGH

crystal input; connected directly to a 6 MHz crystal; when
XTAL1 is connected to an external clock source, pin XTAL2
must be left open

crystal output; connected directly to a 6 MHz crystal; when
pin XTAL1 is connected to an external clock source, this
pin must be left open

© Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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Full-speed USB single-chip host and device controller

Table 2:  Pin description for LQFP64 ...continued

Symboll'] Pin Type Description

DGND 45 - digital ground

H_PSW1 46 ) power switching control output for downstream port 1;
open-drain output

H_PSwW2 47 0 power switching control output for downstream port 2;
open-drain output

D DM 48 Al/O USB D- data line for DC upstream port; when not in use,
this pin must be left open

D_DP 49 Al/O USB D+ data line for DC upstream port; when not in use,
this pin must be left open

H_DMA1 50 Al/O USB D- data line for HC downstream port 1

H_DP1 51 Al/O USB D+ data line for HC downstream port 1

H_DM2 52 Al/O USB D- data line for HC downstream port 2; when not in
use, this pin must be left open

H_DP2 53 Al/O USB D+ data line for HC downstream port 2; when not in
use, this pin must be left open

H_OC1 54 | overcurrent sensing input for HC downstream port 1

H_OC2 55 | overcurrent sensing input for HC downstream port 2

Vee 56 - power supply voltage input (3.0 Vto 3.6 V or
4.75V to 5.25 V). This pin connects to the internal 3.3 V
regulator input. When connected to 5V, the internal
regulator will output 3.3 V to pins Vieq(3.3), Vhoid1 and Vhoidz-
When connected to 3.3V, it will bypass the internal
regulator.

AGND 57 - analog ground

Vreg(3.3) 58 - internal 3.3 V regulator output; when the V¢¢ pin is
connected to 5V, this pin outputs 3.3 V. When the V¢ pin
is connected to 3.3 V, connect this pin to 3.3 V.

A0 59 | address input; selects command (AO = 1) or data (A0 = 0)

A1 60 | address input; selects AutoMux switching to DC (A1 = 1) or
AutoMux switching to HC (A1 = 0); see Table 3

n.c. 61 - no connection

DGND 62 - digital ground

DO 63 1/10 bit 0 of bidirectional data; slew-rate controlled; TTL input;
three-state output

D1 64 1/10 bit 1 of bidirectional data; slew-rate controlled; TTL input;

three-state output

[1]1 Symbol names with an overscore (e.g. NAME) represent active LOW signals.

© Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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Full-speed USB single-chip host and device controller

7. Functional description

9397 750 13962

71

7.2

7.3

7.4

7.5

PLL clock multiplier

A 6 MHz to 48 MHz clock multiplier Phase-Locked Loop (PLL) is integrated on-chip.
This allows for the use of a low-cost 6 MHz crystal, which also minimizes EMI. No
external components are required for the operation of the PLL.

Bit clock recovery

The bit clock recovery circuit recovers the clock from the incoming USB data stream
using a 4 times over-sampling principle. It is able to track jitter and frequency drift as
specified in the Universal Serial Bus Specification Rev. 2.0.

Analog transceivers

Three sets of transceivers are embedded in the chip: two are used for downstream
ports with USB connector type A; one is used for upstream port with USB connector
type B. The integrated transceivers are compliant with the Universal Serial Bus
Specification Rev. 2.0. They interface directly with the USB connectors and cables
through external termination resistors.

Philips Serial Interface Engine (SIE)

The Philips SIE implements the full USB protocol layer. It is completely hardwired for
speed and needs no firmware intervention. The functions of this block include:
synchronization pattern recognition, parallel to serial conversion, bit (de)stuffing,
CRC checking and generation, Packet IDentifier (PID) verification and generation,
address recognition, handshake evaluation and generation. There are separate SIEs
in both the HC and the DC.

SoftConnect

The connection to the USB is accomplished by bringing D+ (for full-speed USB
devices) HIGH through a 1.5 kQ pull-up resistor. In the ISP1161A DC, the 1.5 kQ
pull-up resistor is integrated on-chip and is not connected to V¢ by default. The
connection is established through a command sent by the external or system
microcontroller. This allows the system microcontroller to complete its initialization
sequence before deciding to establish connection with the USB. Re-initialization of
the USB connection can also be performed without disconnecting the cable.

The ISP1161A DC will check for USB Vpgys availability before the connection can be
established. Vgys sensing is provided through pin D_VBUS.

Remark: The tolerance of the internal resistors is 25 %. This is higher than the 5 %
tolerance specified by the USB specification. However, the overall voltage
specification for the connection can still be met with a good margin. The decision to
make use of this feature lies with the USB equipment designer.

© Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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7.6

Full-speed USB single-chip host and device controller

GoodLink

Indication of a good USB connection is provided at pin GL through GoodLink
technology. During enumeration, the LED indicator will blink on momentarily. When
the DC has been successfully enumerated (the device address is set), the LED
indicator will remain permanently on. Upon each successful packet transfer (with
ACK) to and from the ISP1161A the LED will blink off for 100 ms. During ‘suspend’
state the LED will remain off.

This feature provides a user-friendly indication of the status of the USB device, the
connected hub and the USB traffic. It is a useful field diagnostics tool for isolating
faulty equipment. It can therefore help to reduce field support and hotline overhead.

8. Microprocessor bus interface

9397 750 13962

8.1

8.2

Programmed I/O (P10) addressing mode

A generic PIO interface is defined for speed and ease-of-use. It also allows direct
interfacing to most microcontrollers. To a microcontroller, the ISP1161A appears as a
memory device with a 16-bit data bus and uses only two address lines: A1 and A0 to
access the internal control registers and FIFO buffer RAM. Therefore, the ISP1161A
occupies only four 1/0 ports or four memory locations of a microprocessor. External
microprocessors can read from or write to the ISP1161A internal control registers and
FIFO buffer RAM through the Programmed 1/O (P1O) operating mode. Figure 8 shows
the Programmed 1/O interface between a microprocessor and an ISP1161A.

uP bus I/F
DI15:0] <):(> DI15:0]
RD »{ RD
WR »— WR
MICRO- = »lcs
PROCESSOR  C° ISP1161A
A2 — A1
A1 — A0
IRQ1 [ INT1
IRQ2 [ INT2

004aaa086

Fig 8. Programmed I/O interface between a microprocessor and an ISP1161A.

DMA mode

The ISP1161A also provides DMA mode for external microprocessors to access its
internal FIFO buffer RAM. Data can be transferred by DMA operation between a
microprocessor’s system memory and the ISP1161A internal FIFO buffer RAM.

Remark: The DMA operation must be controlled by the external microprocessor
system DMA controller (Master).

© Koninklijke Philips Electronics N.V. 2004. All rights reserved.
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8.3

8.3.1

9397 750 13962

Full-speed USB single-chip host and device controller

Figure 9 shows the DMA interface between a microprocessor system and the
ISP1161A. The ISP1161A provides two DMA channels:

* DMA channel 1 (controlled by DREQ1, DACK1 signals) is for the DMA transfer
between a microprocessor’s system memory and ISP1161A HC internal FIFO
buffer RAM

* DMA channel 2 (controlled by DREQ2, DACK2 signals) is for the DMA transfer
between a microprocessor system memory and the ISP1161A DC internal FIFO
buffer RAM.

The EOT signal is an external end-of-transfer signal used to terminate the DMA
transfer. Some microprocessors may not have this signal. In this case, the ISP1161A
provides an internal EOT signal to terminate the DMA transfer as well. Setting the
HcDMAConfiguration register (21H - read, A1H - write) enables the ISP1161A HC
internal DMA counter for DMA transfer. When the DMA counter reaches the value set
in the HcTransferCounter register (22H - read, A2H - write), an internal EOT signal
will be generated to terminate the DMA transfer.

uP bus I/F

D[15:0] D[15:0]

RD » RD

WR »—{ WR
MICRO- DACK1 »— DACK1

ISP1161A

PROCESSOR ' pReqQ1 [ DREQT
DACK2 »— DACK2
DREQ2 [+ DREQ2

EOT » EOT

004aaa087
Fig 9. DMA interface between a microprocessor and an ISP1161A.

Control register access by PIO mode

1/0 port addressing

Table 3 shows the ISP1161A 1/O port addressing. Complete decoding of the I/O port
address should include the chip select signal CS and the address lines A1 and AO.
However, the direction of the access of the I/O ports is controlled by the RD and WR
signals. When RD is LOW, the microprocessor reads data from the ISP1161A data
port. When WR is LOW, the microprocessor writes a command to the command port,
or writes data to the data port.

Table 3:  1/0O port addressing
Port PinCS Pin A1 Pin AO Access Data bus width Description
0 LOW LOW LOW R/W 16 bits HC data port
1 LOW LOW HIGH w 16 bits HC command port
2 Low HIGH Low R/W 16 bits DC data port
3 LOW HIGH HIGH W 16 bits DC command port
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Figure 10 and Figure 11 illustrate how an external microprocessor accesses the
ISP1161A internal control registers.

AUTOMUX
DC/HC

0 Host bus I/F
e

uP bus l/F _Q/

S Device bus I/F
Fe———— »

.

1

A1

MGT935

When A1 = 0, the microprocessor accesses the HC.
When A1 = 1, the microprocessor accesses the DC.

Fig 10. A microprocessor accessing an HC or a DC via an automux switch.

CMD/DATA
SWITCH

Host or Device 1 command port

bus I/F +
_Q/\ _ data port I C " I
0 < > ommands

Command register

AO

Control registers MGT936

When A0 = 0, the microprocessor accesses the data port.
When A0 = 1, the microprocessor accesses the command port.

Fig 11. A microprocessor accessing internal control registers.

8.3.2 Register access phases

The ISP1161A register structure is a command-data register pair structure. A
complete register access cycle comprises a command phase followed by a data
phase. The command (also known as the index of a register) points the ISP1161A to
the next register to be accessed. A command is 8 bits long. On a microprocessor’s
16-bit data bus, a command occupies the lower byte, with the upper byte filled with
zeros.

Figure 12 shows a complete 16-bit register access cycle for the ISP1161A. The
microprocessor writes a command code to the command port, and then reads or
writes the data word from or to the data port. Take the example of a microprocessor
attempting to read the ISP1161A’s ID. The ID is kept in the HC’s HcChiplID register
(index 27H, read only). The 16-bit register access cycle is therefore:

1. Microprocessor writes the command code of 27H (0027H in 16-bit width) to the
HC command port

2. Microprocessor reads the data word of the chip’s ID from the HC data port.
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-+——— 16-bit register access cycle ———

write command read/write data
(16 bits) (16 bits)

— >t

MGT937

Fig 12. 16-bit register access cycle.

Most of the ISP1161A internal control registers are 16 bits wide. Some of the internal
control registers have 32-bit width. Figure 13 shows how the 32-bit internal control
register is accessed. The complete cycle of accessing a 32-bit register consists of a
command phase followed by two data phases. In the two data phases, the
microprocessor first reads or writes the lower 16-bits, followed by the upper 16-bits.

«——————— 32-bit register access cycle ———»

write command read/write data read/write data
(16 bits) (lower 16 bits) (upper 16 bits)

— =t

MGT938

Fig 13. 32-bit register access cycle.

To further describe the complete access cycles of the internal control registers, the
status of some pins of the microprocessor bus interface are shown in Figure 14 and
Figure 15 for the HC and the DC respectively.

CS

A1, AO X 01 >< 00 >< 00 ><
___fead ___ ____ read ___

WR write write write

write write

_ ! T i

RD ! g I ! g I
L____read___ 1 L____read___

D[15:0] HC command HC register data HC register data
’ code (lower word) (upper word)

Fig 14. Accessing HC control registers.

MGT939
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CSs
A1, A0 X 11 >< 10 >< 10 ><
- —_———read read ___
WR write write write
write write
o T H T T
RD ! [ ! [

D[15:0] DC command DC register data DC register data
: code (lower word) (upper word)

Fig 15. Accessing DC control registers.

MGT940

8.4 FIFO buffer RAM access by PIO mode

Since the ISP1161A internal memory is structured as a FIFO buffer RAM, the FIFO

buffer RAM is mapped to dedicated register fields. Therefore, accessing the internal
FIFO buffer RAM is similar to accessing the internal control registers in multiple data
phases.

FIFO buffer RAM access cycle (transfer counter = 2N) »

write command read/write data read/write data read/write data

#1 (16 bits) #2 (16 bits) ., #N (16 bits)

Fig 16. Internal FIFO buffer RAM access cycle.

— t

MGT941

Figure 16 shows a complete access cycle of the HC internal FIFO buffer RAM. For a
write cycle, the microprocessor first writes the FIFO buffer RAM’s command code to
the command port, and then writes the data words one by one to the data port until
half of the transfer’s byte count is reached. The HcTransferCounter register (22H -
read, A2H - write) is used to specify the byte count of a FIFO buffer RAM'’s read cycle
or write cycle. Every access cycle must be in the same access direction. The read
cycle procedure is similar to the write cycle.

For access to the DC FIFO buffer RAM access, see Section 13.
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8.5 FIFO buffer RAM access by DMA mode

The DMA interface between a microprocessor and the ISP1161A is shown in
Figure 9.

When doing a DMA transfer, at the beginning of every burst the ISP1161A outputs a
DMA request to the microprocessor via the DREQ pin (DREQ1 for HC, DREQ2 for
DC). After receiving this signal, the microprocessor will reply with a DMA
acknowledge via the DACK pin (DACK1 for HC, DACK2 for DC), and at the same
time, execute the DMA transfer through the data bus. In the DMA mode, the
microprocessor must issue a read or write signal to the ISP1161A RD or WR pin. The
ISP1161A will repeat the DMA cycles until it receives an EOT signal to terminate the
DMA transfer.

ISP1161A supports both external and internal EOT signals. The external EOT signal
is received as input on pin EOT, and generally comes from the external
microprocessor. The internal EOT signal is generated by the ISP1161A internally.

To select either EOT method, set the appropriate DMA configuration register (see
Section 10.4.2 and Section 13.1.6). For example, for the HC, setting
DMACounterSelect bit of the HcDMAConfiguration register (21H - read, A1H - write)
to logic 1 will enable the DMA counter for DMA transfer. When the DMA counter
reaches the value of the HcTransferCounter register, the internal EOT signal will be
generated to terminate the DMA transfer.

ISP1161A supports either single-cycle DMA operation or burst mode DMA operation.

RD or WR

L L |
D[15:0] X:X X:X //// X:X

data #1 data #2 data #N

EOT o

004aaa103

N = 1/2 byte count of transfer data.

Fig 17. DMA transfer in single-cycle mode.
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oo | L] ]
. — —
RoorwR || 7 || | 4 L ” L] ’ L

S & G/ W @ G/ 1 S 0 S/ G

7

data #1 data#K  data #(K+1) data#2K ' data#(N-K+1) = data #N

EOT S I_

004aaa104

L L
L

N = 1/2 byte count of transfer data, K = number of cycles/burst.

Fig 18. DMA transfer in burst mode.

In Figure 17 and Figure 18, the hardware is configured such that DREQ is active
HIGH and DACK is active LOW.

8.6 Interrupts

The ISP1161A has separate interrupt request pins for the USB HC (INT1) and the
USB DC (INT2).

8.6.1 Pin configuration

The interrupt output signals have four configuration modes:

Mode 0 Level trigger, active LOW (default at power-up)

Mode 1 Level trigger, active HIGH

Mode 2 Edge trigger, active LOW

Mode 3 Edge trigger, active HIGH.

Figure 19 shows these four interrupt configuration modes. They are programmable

via the HcHardwareConfiguration register (see Section 10.4.1), which are also used
to disable or enable the signals.

9397 750 13962 © Koninklijke Philips Electronics N.V. 2004. All rights reserved.

Product data Rev. 03 — 23 December 2004 18 of 134




Philips Semiconductors |SP1 1 61 A

9397 750 13962

Full-speed USB single-chip host and device controller

( INT active ( clear or disable INT

INT | y [

Mode 0 level triggered, active LOW

( INT active ( clear or disable INT

INT | I [

Mode 1 level triggered, active HIGH

( INT active

INT
—+1166 ns |«—

Mode 2 edge triggered, active LOW

( INT active

INT [ ]

—»‘ 166 ns ‘4—

Mode 3 edge triggered, active HIGH

MGT944

Fig 19. Interrupt pin operating modes.

8.6.2 HC'’s interrupt output pin (INT1)

To program the four configuration modes of the HC’s interrupt output signal (INT1),
set bits InterruptPinTrigger and InterruptOutputPolarity of the
HcHardwareConfiguration register (20H - read, AOH - write). Bit InterruptPinEnable is
used as the master enable setting for pin INT1.

INT1 has many associated interrupt events, as shown as in Figure 20.

The interrupt events of the HcuPlInterrupt register (24H - read, A4H - write) changes
the status of pin INT1 when the corresponding bits of the HcuPInterruptEnable
register (25H - read, A5H - write) and pin INT1’s global enable bit (InterruptPinEnable
of the HcHardwareConfiguration register) are all set to enable status.

However, events that come from the HclnterruptStatus register (03H - read, 83H -
write) affect only the OPR_Reg bit of the HcuPlInterrupt register. They cannot directly
change the status of pin INT1.
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HcpPlnterrupt HcpuPlInterruptEnable
register register

RHSC
FNO
UE

5,3 B3
= clo|loc| > z cEl 2| >
Slzle|&|5l® Slzlele] 5|8
HclnterruptEnable =3 =l S n:l 2| ¢ [l [l S 318
register L|E|lE 21z o I =t ) g
o< o = < o =
3*|2[5|3]|° 3|~|2|5|8|°
MIE < T < T
\NANNNNNNNN
RHsC [ ———— ]
FNO —— )
UE — 1) or
RD ——
SF —
SO

|
group 1

group 2
OR

HcHardwareConfiguration

register

RD
SF

LE
INT1 LATCH InterruptPinEnable

MGT945

SO

HclnterruptStatus
register

Fig 20. HC interrupt logic.
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There are two groups of interrupts represented by group 1 and group 2 in Figure 20.
A pair of registers control each group.

Group 2 contains six possible interrupt events (recorded in the HclnterruptStatus
register). On occurrence of any of these events, the corresponding bit would be set to
logic 1; and if the corresponding bit in the HcinterruptEnable register is also logic 1,
the 6-input OR gate would output logic 1. This output is ANDed with the value of MIE
(bit 31 of HcinterruptEnable). Logic 1 at the AND gate will cause bit OPR in the

HcuPlInterrupt register to be set to logic 1.

Group 1 contains six possible interrupt events, one of which is the output of group 2
interrupt sources. The HcuPInterrupt and HcuPlInterruptEnable registers work in the
same way as the HclnterruptStatus and HclnterruptEnable registers in the interrupt
group 2. The output from the 6-input OR gate is connected to a latch, which is
controlled by InterruptPinEnable (bit 0 of the HcHardwareConfiguration register).

In the event in which the software wishes to temporarily disable the interrupt output of
the ISP1161A Host Controller, the following procedure should be followed:

1. Make sure that bit InterruptPinEnable in the HcHardwareConfiguration register is
set to logic 1.

2. Clear all bits in the HcuPlInterrupt register.
3. Set bit InterruptPinEnable to logic 0.
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To re-enable the interrupt generation:

1. Set all bits in the HcuPlInterrupt register.
2. Set bit InterruptPinEnable to logic 1.

Remark: Bit InterruptPinEnable in the HcHardwareConfiguration register latches the
interrupt output. When this bit is set to logic 0, the interrupt output will remain
unchanged, regardless of any operations on the interrupt control registers.

If INT1 is asserted, and the HCD wishes to temporarily mask off the INT signal
without clearing the HcuPInterrupt register, the following procedure should be
followed:

1. Make sure that bit InterruptPinEnable is set to logic 1.
2. Clear all bits in the HcuPlInterruptEnable register.
3. Set bit InterruptPinEnable to logic 0.

To re-enable the interrupt generation:

1. Set all bits in the HcuPlInterruptEnable register according to the HCD
requirements.

2. Set bit InterruptPinEnable to logic 1.

DC interrupt output pin (INT2)

The four configuration modes of DC’s interrupt output pin INT2 can also be
programmed by setting bits INTPOL and INTLVL of the DcHardwareConfiguration
register (BBH - read, BAH - write). Bit INTENA of the DcMode register (B9H - read,
B8H - write) is used to enable pin INT2. Figure 21 shows the relationship between the
interrupt events and pin INT2.

Each of the indicated USB events is logged in a status bit of the DclInterrupt register.
Corresponding bits in the Interrupt Enable register determine whether or not an event
will generate an interrupt.

Interrupts can be masked globally by means of the INTENA bit of the DcMode
register (see Table 81).

The active level and signalling mode of the INT output is controlled by the INTPOL
and INTLVL bits of the DcHardwareConfiguration register (see Table 83). Default
settings after reset are active LOW and level mode. When pulse mode is selected, a
pulse of 166 ns is generated when the OR-ed combination of all interrupt bits
changes from logic 0 to logic 1.

Bits RESET, RESUME, SP_EOT, EOT and SOF are cleared upon reading the
Dclinterrupt register. The endpoint bits (EPOOUT to EP14) are cleared by reading the
associated DcEndpointStatus register.

Bit BUSTATUS follows the USB bus status exactly, allowing the firmware to get the
current bus status when reading the Dclinterrupt register.

SETUP and OUT token interrupts are generated after the DC has acknowledged the
associated data packet. In bulk transfer mode, the DC will issue interrupts for every
ACK received for an OUT token or transmitted for an IN token.
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In isochronous mode, an interrupt is issued upon each packet transaction. The
firmware must take care of timing synchronization with the host. This can be done via
the Pseudo Start-Of-Frame (PSOF) interrupt, enabled via bit IEPSOF in the Interrupt
Enable register. If a Start-Of-Frame is lost, PSOF interrupts are generated every

1 ms. This allows the firmware to keep data transfer synchronized with the host. After
3 missed SOF events, the DC will enter ‘suspend’ state.

An alternative way of handling isochronous data transfer is to enable both the SOF
and the PSOF interrupts and disable the interrupt for each isochronous endpoint.

Dclnterrupt register

RESET
SUSPND
RESUME

SOF
EP14

EPOIN
EPOOUT
EOT

INT2

DcMode register

INTENA

IERST
IESUSP
IERESM

IESOF

IEP14

IEPOIN
IEPOOUT
IEEOT

DclnterruptEnable register
MGT946

Fig 21. DC interrupt logic.

Interrupt control: Bit INTENA in the DcMode register is a global enable/disable bit.
The behavior of this bit is given in Figure 22.

A B c
INT2 pin ﬁ S
1
1
INTENA =0 INTENA = 1 INTENA =0
(during this time, SOF asserted SOF asserted
an interrupt event Sbtanatos

occurs. For example,
SOF asserted.)

Pin INT2: HIGH = de-assert; LOW = assert (individual interrupts are enabled).
Fig 22. Behavior of bit INTENA.
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Event A (see Figure 22): When an interrupt event occurs (for example, SOF interrupt)
with bit INTENA set to logic 0, an interrupt will not be generated at pin INT2.
However, it will be registered in the corresponding Dclinterrupt register bit.

Event B (see Figure 22): When bit INTENA is set to logic 1, pin INT2 is asserted
because bit SOF in the Dclinterrupt register is already asserted.

Event C (see Figure 22): If the firmware sets bit INTENA to logic 0, pin INT2 will still
be asserted. The bold dashed line shows the desired behavior of pin INT2.

De-assertion of pin INT2 can be achieved in the following manner. Bits[23:8] of the
Dclinterrupt register are endpoint interrupts. These interrupts are cleared on reading
their respective DcEndpointStatus register. Bits[7:0] of the Dcinterrupt register are
bus status and EOT interrupts that are cleared on reading the Dclinterrupt register.
Make sure that bit INTENA is set to logic 1 when you perform the clear interrupt
commands.

For more information on interrupt control, see Section 13.1.3, Section 13.1.5 and
Section 13.3.6.
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9. USB host controller (HC)

9.1

HC'’s four USB states

The ISP1161A USB HC has four USB states — USBOperational, USBReset,
USBSuspend, and USBResume — that define the HC’s USB signaling and bus sta