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1. Introduction

The installation and configuration of a system can be a major problem for the
user, as a result of the wide variety of different plug-in boards and computer
systems which are in use. The ISA (Industry Standard Architecture) bus is a
widely used standard in the PC industry. The ISA bus architecture requires the
allocation of resources. These include the I/0O address space, a memory
address space, the DMA channel and the Interrupt channel, for every ISA plug-
in card which is used. However, the ISA standard does not provide any definite
hard or software controlled mechanism for allocating the card characteristics.
The configuration of each card is usually performed with the help of jumpers or
DIL switches. Reference must be made to the documentation of the card
manufacturer, in order to avoid conflicts with other ISA cards. For the user this
configuration can be a time-consuming and frustrating process.

The definition of the Plug-and-Play ISA standard now makes it possible to
develop plug-in cards having full ISA bus compatibility, which will be configured
completely automatically by the system. This spares the user every kind of
adjustment, such as inserting jumpers or setting DIL switches.
A system containing only ISA Plug-and-Play cards can thus be recognized and
configured completely automatically, without any kind of intervention by the
user. In addition to the logic circuitry which is to be found on the Plug-and-Play
compatible ISA card, a program is needed which will automatically configure
the card in the PC. Microsoft Windows[ 95 is the first operating system which
integrates “Plug and Play” at operating system level, and thus supports various
bus systems, such as PCMCIA, EISA, PCI and the extended ISA Plug-and-
Play bus system.

Texas Instruments supplies Plug-and-Play controllers, which allow the
development of Plug-and-Play compatible ISA cards. This Applications Report
discusses in detail the development of a Plug-and-Play Windows[ 95
compatible serial interface (COM port), based on the TL16C550.

A serial interface circuit which is compatible with the TL16C550 will be termed
"16550 compatible” in this Application Report. Where the interface circuit is in
addition supported by the operating system Windows[l 95, then it will be
termed "16550 Windows[] 95 compatible”.

Windows 95 is a registered trademark of Microsoft Corporation

Plug-and-Play Controller 5
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2. Plug-and-Play Logic

The Plug-and-Play controller provides the interface between the ISA bus and
the logic of a Plug-and-Play PC plug-in card. Texas Instruments provides
various Plug-and-Play controllers. In this Applications Report, details will be
given of a circuit proposal using the Plug-and-Play compatible serial interface
(UART) TL16PNP550A and the Plug-and-Play controller TL16PNP100A.
Figure 1 shows the typical block circuit diagram of the Plug-and-Play logic
circuitry, such as is to be found in the TLL6PNP100A or TL16PNP550A.

D(7-0) ® \I 8 | SCs
Output EEPROM SCLK
8 Enable Controller | «—+»— g|O
CS,—+ ——— EEPROM
7' N
8
C_S1—<— Logical v
IRQ, - IRQ,,, —g¢ N | Devices )| 8 Card 8
Decoder Control
Logical Device 8
Control
8 Logical Device 8
Configuration
A11-A0 8
Address Select
8
/El Read-Data Port L Register %
IOR
N Decoder | yrite-Data Port 8
IoW LFSR
RESET Address Port [l Key —‘
+ Enable

Figure 1: Block circuit diagram of a PnP logic circuit

When starting up, the Plug-and-Play logic is in a quiescent mode, and requires
a program in order to be activated and recognized. This recognition is
performed by a definite write sequence at the address port. This write
sequence is decoded with the aid of an LFSR (Linear Feedback Shift
Register). If a valid write sequence is recognized, then the PnP plug-in card will
be set into the configuration mode. This is followed by the isolation of each
individual Plug-and-Play ISA plug-in card. This isolation procedure is
necessary because, when switching on the computer, the PnP cards are at the
same 1/O address. The isolated card is allocated a card number (Card Select
Number), at which the card can be addressed when accessed on a later
occasion. After isolation, the card reverts to the configuration mode, and the
configuration data of the PnP plug-in card is read out. As soon as all
configuration data are known, resources are allocated to the PnP plug-in card.

6 Plug-and-Play Controller
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The PnP plug-in card ultimately leaves the configuration mode, and is switched
into an active mode.

Three 8-bit ports (Address, Write_Data, Read_Data) are used in order to have
access to the configuration register of a PnP plug-in card; see also Figure 1.
These ports are shown in Table 1. Commands can be implemented from a
program which requests the status, configures the Plug-and-Play hardware,
and which has access to the data stored in the EEPROM.

PORT NAME ADDRESS TYPE
ADDRESS 0x279 (Printer Status Port) Write only

WRITE_DATA | OxA79 (Printer Status Port + 0x800) Read only

READ_DATA | Can be shifted to area 0x203 to Ox3FF Read only

Table 1: Autoconfiguration Ports

Every card must provide information which describes the individual
characteristics of the PnP plug-in card in question. This information is stored in
an EEPROM and, as already mentioned, is read out from the
Plug-and-Play program. After that, the configuration of the hardware for the
individual card can be determined. As shown in Figure 1, for this purpose the
registers “Card Control”, “Logical Device Control” and “Logical Device
Configuration” are available. On every PnP plug-in card there is a precise Card
Control register, which is used for the overall data of the complete card.
However, each logic unit also possesses both a Logical Device Control register
and a Logical Device Configuration register. The Logical Device Control
register controls the logic unit, such as switching the logic unit onto the ISA
bus. The Logical Device Configuration register contains the information about
the resources of the logic unit. This means that a dual register is needed for
the TLL6PNP100A, and a single register for the TLL6PNP550A.

In the following Section, further details will be given of the design of a
Windows[] 95 compatible Plug-and-Play COM port, using the TLL6PNP550A.

Plug-and-Play Controller 7
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3. TL16PNP550A

The TL16PNP550A is a combination component, which integrates a Plug-and-
Play controller and a serial interface, compatible to the serial interface (UART)
TL16C550C. Figure 2 shows the block circuit diagram of this component. It can
be seen that there are two separate blocks for the Plug-and-Play controller and
the serial interface (UART). This device can be used in various operating
configurations. The Plug-and-Play controller can be utilized together with the
integrated interface (UART) to provide a Plug-and-Play compatible COM port.
The two functional blocks - serial interface (UART) and PnP controller - can
also be used separately. For example, the PnP controller can control an
external logic unit, and the serial interface (UART) is used as a standard

interface.
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Figure 2: Block circuit diagram of the TLL6PNP550A

A Plug-and-Play-COM port which is 16550 Windows[ 95 compatible and uses

this component will now be described.
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4. 16550 compatible COM port

Figure 3 shows the circuit of the 16550 Windows[] 95 compatible interface.
The hardware requirements for an interface of this kind are very modest. The
integrated circuit TLL6PNP550A is used, and this needs an external system
clock. In this circuit an external EEPROM is also needed, in order to store the
configuration data of the Plug-and-Play compatible ISA card.

A PC card which is designated ‘Windows[ 95 compatible’ and carries the
WIN95 logo must be able to decode a 16-bit 1/O address. Since the
TL16PNP550A can only decode the 10 lower address bits, an OR gate is
needed to decode the addresses A10 - A15 and the signal AEN. The output of
the OR gate is then at a Low level when the addresses A10 - A15 and AEN are
also at a Low level.

The outputs DO - D7, IRQ3 - IRQ7, IRQ9 - IRQ12 and IRQ15 provide a current
loo=24 mA atVo_.<0.4V, and loy = -12 mA at Von = 2.4 V. The connection to
the ISA bus can therefore be made without the use of an additional buffer. The
level shifting at the serial interface is performed by means of V.28 compatible
transmitter and receiver circuits.
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Figure 3: Circuit of the 16550 Windows[] 95 compatible COM port.
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The design of this interface will usually present no particular problems. The
question will, however, arise as to what should be loaded into the EEPROM, so
that the corresponding program - such as Windows[] 95 - can recognize and
configure the PC card correctly. This subject will be discussed in the next
section.
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5. EEPROM Programming

As shown in Figure 1, the TL16PNP550A provides an interface to the
EEPROM ST93C56/66. The EEPROM should contain the configuration data of
the Plug-and-Play ISA card. The following listing shows a programming
example for a 16550 Windows[ 95 compatible COM port.

Address Value Description
C ock Prescaler:

0x00 OxFF

0x01 Ox3F Divisor Value, bits[15: 14]
Serial ldentifier:

0x02 0x43 Vendor 1D byte O

0x03 O0x11 Vendor ID byte 1

0x04 0x43 Vendor 1D byte 2

0x05 0x04 Vendor 1D byte 3

0x06 0Ox00 Serial nunber byte O

0x07 0x01  Serial nunber byte 1

0x08 0x00 Serial nunber byte 2

0x09 0x02 Serial nunber byte 3

Ox0A Ox1E 1. check sum of vendor ID and seri al

nunber (byte 0x02 to byte 0x09)

Pl ug- and- Pl ay Versi on Nunber:

0x0B Ox0A Pl ug-and-Pl ay version nunber descriptor

0x0C 0x10 Version in packed BCD format, exanpl e:
Version 1.0

0x0D 0x01  Vendor specific version nunber

| dentifier String:

OxO0E 0x82 Identifier string descriptor
OxOF OXOF Length byte O (here: 15 decimal)
0x10 0x00 Length byte 1

0x11 "16550A COM PORT" Identifier String

Logi cal Device ID:
0x20 0x15 Logi cal device ID descriptor

Plug-and-Play Controller 11
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0x21
0x22
0x23
0x24
0x25

0x26
0x27
0x28
0x29
Ox2A

0x2B
0x2C
0x2D

Ox2E
Ox2F
0x30
0x31
0x32
0x33
0x34

0x35

0x36
0x37

Ox43 Logical device ID byte
0x11 Logi cal device ID byte
0x43 Logi cal device ID byte
0x04 Logi cal device ID byte
0x02 Logical device flags

w N - O

Conpat i bl e Device |ID
0x1C Conpati bl e device |ID descriptor

0x41 Conpatible device ID byte 0
OxDO  Conpatible device ID byte 1
0x05 Conpatible device ID byte 2
0x01 Conpatible device ID byte 3

| nterrupt:
0x22 | nterrupt descriptor

0x78 |1 RQ mask bits[7:0], bit[0] = IRQ ..
O0x9e | RQ mask bits[15:8], bit[8] = IR® ...

| /O Ports:
0x47 |/ O port descriptor
0x01 Information, bit[0] =1, 16 bit decodi ng
0x00 Range m ni mum base address, bits[7:0]
0x02 Range m ni num base address, bits[15: 8]
OxF8 Range maxi mum base address, bits[7:0]
0x03 Range maxi mum base address, bits[15: 8]

0x08 Alignnent for mninmum base |/ 0O address
that the card may be configured for

0x08 The nunber of contiguous I/O ports
request ed

End Tag:
0x79 End Tag descri ptor
0xC3 2. check sum (If the check sumfield is
zero, the resource data is treated as if
it checksummed properly. Configuration
proceeds normal |l y)

The configuration data will be described in detail in the following Section.

12
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5.1 Clock Prescaler

The oscillator frequency provided to the circuit TLI6PNP550A should be
between 10 and 22.1184 MHz. So that the next circuit receives the desired
clock frequency, the frequency of the oscillator must be divided appropriately;
the standard frequency of a COM port is 1.8432 MHz. The TL16PNP550A
contains a functional block which can perform this division. The desired
division factor is stored in the EEPROM at Address 0. The two highest value
bits of this address define the division factor, as shown in Table 2.

EEPROM address 000 Division
(Bits 15 and 14) Factor

00 12

01 6

10 3

11 1

Table 2: Clock Division Factor

A 22.1184-MHz quartz crystal was used in the application described. This
results in a division factor of 12 (12 x 1.8432 = 22.1184 MHz), and the highest
value bits in the EEPROM Address 000 must be set to O.

5.2 Serial Identifier

When the computer is switched on, all Plug-and-Play cards have the same 1/O
port address. For this reason it is necessary to be able to isolate each card
individually; this is only possible with a unique identification process, performed
with the help of serial identifier. The access to this identification is made
serially, and bit-by-bit. The identification consists of a combination which is 72
bit in length, and is made up of the 4 byte long manufacturer recognition, the 4
byte long serial number, and the 8-bit long check sum. The first two bytes of
the manufacturer recognition are allocated centrally, in order to ensure that
there is a unique identification for every card which has been developed.

Check sum Serial number Vendor ID

& » & » & >
< > <€ L] »

BYTEO BYTE3 BYTE2 BYTE1 BYTEO BYTE3 BYTE2 BYTE1 BYTEO
Bit71 -+ - o o e + « +Bit0

Figure 4: Constitution of the serial identifier

Plug-and-Play Controller 13
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The check sum is derived from the vendor ID (byte O to byte 3) and the serial
number (byte O to byte 3) of the serial identifier. This check sum is used to
ensure that no conflict has arisen during read-out of the identification. An
appropriate algorithm is used in order to compare the check sum. This
algorithm is provided by logic (LFSR, Linear Feedback Shift Register)
contained in the Plug-and-Play controller: see also Figure 1. Figure 5 shows
the construction of the Linear Feedback Shift Register.

Vendor ID/ | =
Serial number
D D D HD —{D D D D Shift out

7 6 5 4 3 2 1 0

Reset values 0 1 1 0 1 0 1 0

Figure 5: Construction of the LFS Register

The LFS register consists of an 8-bit long shift register. The signal LFSR[0] O
LFSR[1] O manufacturer recognition / serial number is led back to LFSR[7].
This register is initially loaded with the value 6A;6. After 64 read accesses /
shift operations, the LFS register is loaded with the correct check sum, and this
iIs now compared with the check sum stored in the EEPROM. The
manufacturer recognition and serial number used in the application, chosen at
random in this example, result in a check sum of 1Es.

5.3 Plug-and-Play Version Number

The Plug-and-Play version number gives the version of the Plug-and-Play
standard with which the PnP plug-in card is compatible. In addition, it provides
a version number specific to the manufacturer, which can be used by the
equipment driver to recognize the card version.

Byte 0 | Value = 00001010b (Type=0, abbreviated recognition of the Plug-
and-Play Version (0x1) and length of the information in bytes (2

byte)

Byte 1 | Plug-and-Play Versions Number (BCD format, bits[7:4].bits[3:0];
Example: Version 1.0 = 0x10, Version 3.5 = 0x35

Byte 2 | Version number specific to the manufacturer

Table 3: Coding of the Plug-and-Play version number

14 Plug-and-Play Controller
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Table 3 gives details of coding information. Byte O, bit[7] gives the length of the
information, whereby Type = 0 indicates a length of 2 to 8 byte, and Type =1 a
length of up to 64 Kbyte. The abbreviated recognition indicates that the
subsequent information identifies the Plug-and-Play version.

5.4 Identifier String

It is possible to store a character string in the EEPROM which will appear on
the screen of the computer when the PnP plug-in card is automatically
configured. Table 4 describes the format of this identification text - the
"ldentifier String”.

Byte 0 | Value = 10000010b (Type=1, abbreviated recognition of the
identification text

Byte 1 | Bits[7:0] give the lower eight bits of the string length

Byte 2 Bits[15:8] give the upper eight bits of the string length

n Bytes | String in ANSI format, which describes the PC card

Table 4: Format of the identifier string

In the application presented, the character string “16550A COM Port” was
chosen to describe the PnP plug-in card in more detail.

5.5 Logical Device ID

The format for identifying the logical device (Logical Device ID) is identical with
that used for serial identification (Serial Identifier). The identification serves to
make an appropriate choice of driver. In contrast to serial identification (Serial
Identifier), the identification of the logical device (Logical Device ID) does not
need to be unique: this means that the same identification may appear in
connection with another logical device. A PnP plug-in card with two COM ports
may therefore have the same identification for each COM port.

Byte 0 | Value = 00010101b (Type=0, abbreviated recognition for the
identification of the logical device, length =5

Byte 1 | Logical device ID bits[7:0]

Byte 2 | Logical device ID bits[15:8]

Byte 3 | Logical device ID bits[23:16]

Byte 4 Logical device ID bits[31:24]

Byte 5 | Bits[7:1], if set, show which configuration registers from 0x31 to
0x37 are supported by the logical device.

Plug-and-Play Controller 15
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Bit[0], if set, shows that the logical device is able to participate in
the booting process.

Byte 6 | Bits[7:0], if set, show which configuration registers from 0x38 to
Ox3F are supported by the logical device.

Table 5: Identification of the logical device

Table 5 gives individual information. In the application presented using the
TL16PNP550A, byte 5 must be set to 0x02 for the identification of the logical
device (Logical Device ID), because this component only supports the register
0x37 (I/0 Range Check). For this reason, byte 6 is also not used.

5.6 Compatible Device ID

With the identification of a compatible logical device (Compatible Device ID), it
Is possible to give the identification of other logical devices with which the plug-
in card is compatible.

Byte 0 | Value = 00011100b (Type=0, abbreviated recognition of the
identification of the compatible logical device, length = 4

Byte 1 | Compatible device ID bits[7:0]

Byte 2 | Compatible device ID bits[15:8]

Byte 3 | Compatible device ID bits[23:16]

Byte 4 | Compatible device ID bits[31:24]

Table 6: Format of the identification of the compatible logical device

Table 6 shows the format of the identification of a compatible logical device
(Compatible Device ID). To give an example, a card manufacturer brings out a
PnP plug-in card with the Logical Device ID OXxABCDO0O00O. At a later date, a
newer PnP plug-in card is announced with the Logical Device ID 0OxXABCDO0001,
which however is 100% compatible to the older card. For this new logical
device, the Compatible Device ID OXABCDO000O can be allocated. In this way
the equipment driver ID OXABCDO0O001 will be loaded, if it can be found. If not,
then the driver for the ID OXABCDOOOQO is loaded for the logical device.

A list is available (see References in Section 11) which gives the identification
of the better known PC cards. The application described is concerned with a
Plug-and-Play 16550 compatible COM port. In the list mentioned, an
identification ‘PNP0510’ is defined for this card. The corresponding Compatible
Device ID is then known as ‘41D00501".

16 Plug-and-Play Controller
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5.7 Interrupts

The interrupt masking indicates which interrupts must be taken into account
during allocation. It should be possible for the corresponding interrupts to be
supported by the Plug-and-Play controller. The allocation of the possible 16
interrupts is undertaken by two masks with a length of 8 bit.

Byte 0 | Value = 0010001xb (Type=0, abbreviated recognition of the IRQ
data, length =2 or 3

Byte 1 | IRQ mask, bits[7:0]. Bit[0] = IRQO, bit[1] = IRQ1, ...

Byte 2 | IRQ mask, bits[15:8]. Bit[0] = IRQ8, bit[1] = IRQS9, ...

Byte 3 | IRQ information. If set, each bit indicates the ability to support a
specific type of interrupt. This information contained in byte 3 is
optional. If it is not available, ISA compatibility is assumed (edge -
triggering, interrupt active High).

Bit[7:4] are reserved, and must be setto 0

Bit[3] level triggering, active Low

Bit[2] level triggering, active High

Bit[1] edge triggering, active Low

Bit[O] edge triggering, active High (ISA compatible)

Table 7: Format of the Interrupt Data

Table 7 shows the format of the Interrupt data. With the circuit TLL6PNP550A
it is possible to select Interrupts IRQ3 - IRQ7, IRQ9 - IRQ12 and IRQ15. In the
application described, byte 3 of the Interrupt data was not needed, since an
ISA standard compatible PC card was involved.

5.8 1/0O Ports

On starting the computer, the 1/0O ports needed by a Plug-and-Play compatible
PC card are allocated. A procedure is followed in which a check is made as to
whether the 1/0O port which has been allocated can lead to conflicts with
another PC card. For this reason the possibility is provided to allocated an
address range to the Plug-and-Play compatible plug-in card, so that should an
address conflict arise, a new address can be sought. This address range is
defined in the I/O port description.

Plug-and-Play Controller 17



EEPROM Programming %3 TEXAS INSTRUMENTS

Byte 0 | Value = 01000111b (Type=0, abbreviated recognition of the I/O
port description, length =7

Byte 1 | Bits[7:1] are reserved and must be set to O
Bit[0] indicates, if it has been set, that the logical device can
decode the full 16 bit ISA address. If bit[0] is not set, this
indicates that the logical device is only decoding the address
bits[9:0].

Byte 2 | Bits[7:0] of the minimum base 1/O address, in which the PC card
can be configured.

Byte 3 | Bits[15:8] of the minimum base 1/O address, in which the PC card
can be configured.

Byte 4 | Bits[7:0] of the maximum base I/O address, in which the PC card
can be configured.

Byte 5 | Bits[15:8] of the maximum base I/O address, in which the PC
card can be configured.

Byte 6 |Byte 6 defines the alignment for minimum base address,
increment in 1 byte blocks.

Byte 7 | The information contained in byte 7 gives the number of the

successive /O ports requested.

Table 8: Format of the I/O port information

Table 8 shows the format of the 1/0O port information. The 16550A compatible
COM port presented in this Applications Report can be configured in the

address range from 0x200 to Ox3FF. This information is stored in bytes 2 - 5.

It has already been mentioned in Section 4 that the TL16PNP550A includes
10-bit address decoding. However, for a WIN95 Logo, Windows[ 95 requires
16-bit address decoding. For this reason and as discussed above, an OR gate
has been integrated into the circuit in question, in order to be able also to
decode the higher addresses. Therefore, bit[0] must be set in byte 1 of the I/O
port information. This indicates that the PnP plug-in card is able to decode a

16-bit address.

The serial interface in the TLL6PNP550A occupies eight successive 1/0O ports.

byte 6 and byte 7 of the I/O port information are thus set to 8.

18
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5.9 End Marking

The end marking (End Tag) indicates the end of the resource data.

Byte 0 | Value = 01000111b (Type=0, abbreviated recognition of the end
marking.
Byte 1 | 2. check sum, which is generated from the data after the serial

identification.

Table 9: Format of the end marking (End Tag)

Table 9 shows the format of the end marking (End Tag). Byte O contains the
abbreviated recognition for this marking, and byte 2 contains a 2nd. check
sum. This check sum is formed by first calculating the sum from the contents
of the EEPROM beginning with memory location 0xA to 0x36 (end marking); in
this example, the result is a sum of 93D;6. The lower eight bits (3D) of this sum
are subtracted from the number 100;6 (complement to two). The result of this

provides the check sum, which in this example is C33s.

In the next Section, further details will be given of the construction of the

TL16PNP100A.

Plug-and-Play Controller 19




TL16PNP100A i3 TEXAS INSTRUMENTS

6. TL1I6PNP100A

The TL16PNP100A is a Plug-and-Play controller with which two logical devices
can be controlled. The block circuit diagram of this Plug-and-Play controller is
shown in Figure 1 of this Applications Report. A typical application can be seen
in Figure 6. The TL16PNP100A provides two chip-select signals CS0 and

CS1 for two logical devices, which are then switched on to the ISA bus.

IOW >

ﬁ >

D7-D0 - 8 Logical

A3-A0 4 | Device #0

RESETDRV -

i

IOWR .

IOR >

D7-DO PR 8 Logical

A3-AD 4 Device #1
ISA-BUS |RESETDRV :

¥ 2
~ o
a8l 2| 18] =

A11-A0 - 12 X ¥ SCLK o
D7-DO 8 scs Js
RESETDRV - >
—_ " SIO EEPROM
I0W < * » D
— > TL16PNP100A
IOR -
IRQ3-7, IRQY _ Q
AEN R EEPROM Optional

> —<———0On-Board

Controller
CLK

Figure 6: Typical application of the TLL6PNP100A

The interrupt requirements of the logical devices are passed on to the Plug-
and-Play controller, which in turn switches these signals on to the ISA bus. An
external EEPROM is also necessary with the TL16PNP100A, in order to store
the configuration data of the Plug-and-Play compatible ISA card, together with
the block sizes of the logical devices.

The next part of this Applications Report describes how the TLI6PNP100A can
be used to construct a double 16550 Windows[] 95 compatible Plug-and-Play
COM port.
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/. Circuit diagram of the dual-
channel COM port

The circuit in Figure 7 shows a dual-channel 16550 Windows[] 95 compatible
COM port using the TL16PNP100A as a Plug-and-Play controller.

ISA BUS
|D0-DT |DO-D7 2y @ E
G G ‘2 ‘g o Ww
'HCT245 'HCT245 <| =
DIR DIR
W [— PAL TL186PNP130A
D0-D7
DO-D7
— I/OR
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/\ oW D\/OW
o 3;3 TL16C55CT IRQ RQ3-7.9 _
® RX weT RESET 1+ RESET g
o) RIS it JRivi) €=200pF
=3 1X = =7 " P
g o o9s SN75185 g(c L,NST‘ ﬁﬁ?an I g
s}
° S AO-A2 ® Ao AT AQ-AT1 7
GND RESET
C- I8
~J XIN :Lr < AEN AT
== o
1 4 cs S )
2 DCo o M® .
DSR TL1GCEECE ]e] q ;Dl >1 .
RX —
o RTS WRT—— [j al 8 3 A15
8| o X SN75185 e Lkl c] £8 AEN
a <1s e x C;?TZ Cs1 SCLK E——
DTR 5 INTR
° R A0-A2
GND RESET T
\J = XIN - C=2CopF
1.8432 MHz

Figure 7: Circuit diagram of the dual-channel COM port

The hardware requirements for this interface are fairly complex, since the
TL16PNP100A does not possess an integrated serial interface (UART). The
connection of the Plug-and-Play controller to the ISA bus is however identical
to that in the circuit with the TLI6PNP550A. Besides the clock generator, an
EEPROM is needed in this application, and stores the configuration data of
the two serial interfaces.

As already mentioned in Section 4, a PC card which is designated as
“Windows[ 95 compatible” and is intended to display the WIN95 logo, must be
able to decode a 16-bit 1/O address. As with the TL16PNP550A, the
TL16PNP100A can only decode the lower 10 bits of the ISA address bus. For
this reason and as described in the previous application, an OR gate is needed
to decode the addresses Al10 - Al5, and also the signal AEN. The output of
the OR gate then switches to a Low level only if the addresses A10 - A15 and
AEN are also at a Low level.
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The two Chip-Select outputs CSO and CS1 of the TLI6PNP100A control the
Chip-Select inputs of the two circuits TL16C550C (UARTS). These are each
connected via a bi-directional line driver SN74HCT245 to the ISA bus. The
control of the line driver is performed by a PAL.

The expression for this is as follows:
G=(CSOI/OW 0I/OR)

DIR =(CS0I/OR)

The level conversion to the outside world is achieved by means of a V.28
compatible transmitter/receiver. However, problems with the programming of
the EEPROM arise more frequently than in the application previously
described. The next Section therefore goes into more detail concerning the
programming of the PnP plug-in card in conjunction with the TLI6PNP100A.
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8. EEPROM Programming

The Plug-and-Play controller TLL6PNP100A provides an interface to the
EEPROM ST93C56/66. The EEPROM contains the block sizes of the logical
devices, and the configuration data of the Plug-and-Play ISA card. The
following listing shows a programming example for a dual channel 16550A
Windows[] 95 compatible COM port.

Address Value Description

Bl ock Size:
0x00 0x00
0x01 0x88 Progranmmabl e bl ock Size of the | ogical
devi ce
Serial ldentifier:
0x02 0x43 Vendor 1D byte O
0x03 0x11 Vendor ID byte 1
0x04 0x43  Vendor |D byte 2
0x05 0x04  Vendor ID byte 3
0x06 0x00 Serial nunber byte O
0x07 0x01 Serial nunber byte 1
0x08 0x00  Serial nunber byte 2
0x09 0x02 Serial nunber byte 3
Ox0A Ox1E 1. check sum of vendor ID and seri al

nunber (byte 0x02 to byte 0x09)

Pl ug- and- Pl ay Versi on nunber:

0x0B Ox0A Pl ug-and- Pl ay version nunber descri ptor
Ver si onsnunmer
0x0C 0x10 Version in packed BCD format, exanpl e:
Version 1.0
0x0D 0x01 Vendor specific version nunber

| dentifier String:

Ox0E 0x82 ldentifier string descriptor

OxOF 0x13 Length byte O (here: 19 decinal)
0x10 0x00 Length byte 1

0x11 "2 x 16550A COM PORT" ldentifier String

Plug-and-Play Controller 23



EEPROM Programming

Wi3 TEXAS INSTRUMENTS

Logi cal Device ID - 1st |ogical device:

0x24 0x15 Logi cal device ID descriptor
0x25 0x04 Logi cal device ID byte O
0x26 0x43 Logical device ID byte 1
0x27 0x00 Logical device ID byte 2
0x28 0x01 Logi cal device ID byte 3
0x29 0x02 Logical device flags
Conpati ble Device ID - 1st | ogical
devi ce:
O0x2A Ox1C Conpati bl e device | D descriptor
0x2B 0x41 Conpati ble device ID byte O
0x2C OxDO  Conpatible device ID byte 1
0x2D 0x05 Conpatible device ID byte 2
Ox2E 0x01  Conpatible device ID byte 3
Interrupt - 1st |ogical device:
Ox2F 0x22 | nterrupt descriptor
0x30 Oxf8 IRQ mask bits[7:0], bit[0] = IRQ ..
0x31 0x02 | RQ mask bits[15:8], bit[8] = IR ...
|/ O Ports 1st |ogical device:
0x32 0x47 |/ O port descri ptor
0x33 0x01 Information, bit[0] =1, 16 bit decodi ng
0x34 0x00 Range m ni num base address, bits[7:0]
0x35 0x02 Range m ni mum base address, bits[15: 8]
0x36 OxF8 Range maxi mum base address, bits[7:0}
0x37 0x03 Range maxi mum base address, bits[15: 8]
0x38 0x08 Alignnent for mninmum base |/ O address
that the card may be configured for
0x39 0x08 The nunber of contiguous I/O ports
request ed
Logical Device ID - 2nd | ogical device:
0x3A 0x15 Logi cal Device |ID descriptor
0x3B 0x04 Logical Device ID byte O
0x3C 0x43 Logical Device ID byte 1
0x3D 0x01 Logical Device ID byte 2
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Ox3E
Ox3F

0x40
0x41
0x42
0x43
0x44

0x45
0x46
ox47

0x48
0x49
Ox4A
0x4B
0x4C
0x4D
Ox4E

Ox4F

0x50
0x51

There is no difference in the configuration data when compared with the
previous application with the TL16PNP550A. The only difference is that, when
using the TL16PNP100A, no division factor needs to be stored in the
EEPROM. Instead of this, a block size for the logical devices must be stored in

0x01
0x02

0x1C
0x41
0xDO0
0x05
0x01

0x22
Oxf 8
0x02

0x47
0x01
0x00
0x02
OxF8
0x03

0x08
t hat

Logi cal Device ID byte 3
Logi cal device flags

Conpati ble Device ID - 2nd | ogi cal
devi ce:

Conpati bl e device | D descriptor
Conpati bl e device ID byte O
Conpati bl e device ID byte 1
Conpati bl e device ID byte 2
Conpati bl e device ID byte 3

Interrupt - 2nd | ogi cal device:

| nterrupt descriptor

| RQ mask bits[7:0], bit[0] = IRQ ..

| RQ mask bits[15:8], bit[8] = IR® ...

| /O Ports 2nd | ogi cal devi ce:

|/ O port descriptor

Information, bit[0] =1, 16 bit decodi ng
Range m ni mum base address, bits[7:0]
Range m ni mum base address, bits[15: 8]
Range maxi mum base address, bits[7:0}
Range maxi mum base address, bits[15: 8}
Alignnment for m ni mum base |1/ 0O address

the card may be configured for

0x08 The nunber of contiguous I/O ports
request ed

End Tag:
0x79 End Tag descri ptor
0x32 2. check sum (If the check sumfield is
zero, the resource data is treated as if

it checksumed properly. Configuration
proceeds normal ly)

the EEPROM.
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8.1 Block Size

Besides storing the resources of the card, when using the TLI6PNP100A the
block size of the individual logical devices must also be stored in the
EEPROM. After switching on the computer, this block size will be read out,
beginning at address 0 in the EEPROM. Table 10 shows the possible block
sizes together with the corresponding coding.

DATA [15:13]/[11:9] Block Size Coded Address Bits
000 1 byte [A9:A0]
001 2 byte [A9:A1]
010 4 byte [A9:A2]
100 8 byte [A9:A3]
111 16 byte (default) [A9:A4]

Table 10:Block Sizes

The data bits [15:13] contain the block size of the first logical device, whereas
the data [11:9] contain the block size of the second logical device.
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