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Chapter 1

Programmable Peripheral

Application Note 011
PSD3XX Device Description

Introduction

The PSD3XX family of products include
flexible 1/0 ports, PLD, Page Register,
256K to 1M EPROM, 16K bit SRAM and
“Glueless” Logic Interface to the micro
controller. The PSD3XX is ideal for
microcontroller based applications where
fast time-to-market, small form factor and
low power consumption are essential.
These applications include disk controllers,
cellular phones, modems, fax machines,
medical instrumentation, industrial control,
automotive engine control and many others.

Traditionally, central processing units (CPUs)
require the support of non-volatile memory for
program storage, random access memory
(RAM) for data storage, and some input/
output (I/0) capability to communicate with
external devices. The addition of general
logic circuitry is necessary to ‘glue’ the parts
of the system together. Figure 1 shows a

block diagram of such a system, configured
with a CPU (or microprocessor). The typical
microprocessor also has integrated into it on-
board timers, a small amount of RAM and
ROM, as well as a limited /O capability.

The microprocessor (and often the microcon-
troller) requires additional external support
EPROM and RAM memory, additional ports,
memory mapping logic, and sometimes
latches to separate address and data from a
multiplexed address/data bus. Until very
recently, designers had to create a discrete
solution from a number of chips, or generate
a full custom solution. Now, the PSD3XX
integrates the different system support blocks
into a single-chip solution. This relieves the
designer from the constraint of thinking that
memory mapping, ports, and address latch
requirements should be developed from
separate elements.

Figure 1.
PSD3XX supporis
CPU as a Com-
plete peripheral,
memory, and
logic subsystem

CpPU

CENTRAL PROCESSING UNIT

ADDRESS DATA

LOGIC
CIRCUITRY

m & INPUT/OUTPUT

CONTROL

DECODED
OUTPUTS

INPUT/OUTPUT PORTS
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Introduction
(Cont.)

This high integration of functionality into a
single chip enables designers to reduce the
overall chip count of the system. The result is
increased system reliability, simpler PCB
layout, and lower inventory and assembly
costs. By integrating ports, latches, a Pro-
grammable Address Decoder (PAD),
EPROM, and static RAM, the PSD3XX can
bring the system solution down to only two
chips: a microcontroller and a PSD3XX. The
alternative solution would be discrete ele-
ments of RAM, EPROM, I/O mapped ports,
and latches all mapped into the address
scheme by a programmable logic device
(PLD). This could escalate the chip count to
8-12 packages, depending on size and
complexity.

For larger systems, multiple PSD3XX’s can be
configured. Due to its versatility and flexibil-
ity, two or more PSDs can be cascaded either
horizontally (increasing bus width) or vertically
(increasing sub-system depth). This propor-
tionally increases the complement of memory,
1/0 ports, and chip-selects without the need
for additional external glue logic.

An additional feature of the PSD3XX is its
ability to support a wide range of microcon-
trollers or microprocessors because it has
been designed with a wide range of configur-
able options. The designer can program any
one of a number of different options to create
specific compatibility with a host processor.
Furthermore, this can be done without the
need for external glue logic.

Wsl Software
Support for the
PSD Family

The PSD family from WSI can be easily
configured from a low-cost software support
package called MAPLE. Designed to runin
an IBM/PC environment, MAPLE makes
design and configuration of the PSD3XX a

simple task. Memory mapping of EPROM
and RAM blocks replaces PLD-like equations
with user-friendly, high-level command
entries. ’

PSD3XX
Architecture and
Pin Nomenclature

The PSD3XX is available in a variety of 44-pin
packages (see the PSD3XX Data Sheet).
Figure 2 is a functional block diagram of the

PSD3XX that shows the pin functions, internal
architecture, and bus structure.
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PSD3XX
Architecture and
Pin Nomenclature
(Cont.)

Inputs ADO-AD15 enter the PSD through
latches. These can be programmed to latch
the address/data inputs, removing the need
for such devices as the 74HCT373 or 573.
Alternatively, in the transparent mode they
simply buffer address inputs. The Address
Latch Enable (ALE) signal is available to
register a valid address input on the
ADO-AD15 lines; its active polarity is pro-
grammable. Another name for this input is
Address Strobe (AS). It provides the same
function and the same timing as the ALE, but
this pin name is more appropriate to Motor-
ola-type systems. When either ALE or AS is
valid, the latches are transparent; when
inactive, the address/data inputs on
ADO-AD15 remain latched.

The PSD3XX also contains a Programmable
Address Decoder (PAD). Figure 2 shows that
address inputs A11-A15 (and, possibly,
inputs A16—A19) go directly to the PAD.
Other inputs to the PAD include RD(E), WR
(R/W), and ALE(AS). Programming of the
PAD enables the designer to internally select
the EPROM banks via internal chip-select
lines ES0-ES7. An additional chip-select for
the internal SRAM is available through RSO.
Port C conveys either CS8-CS10 to external

devices or receives A16—A18 inputs, directing
them to the PAD. Also, A19 can be pro-
grammed to go directly into the PAD. Note
that these lines are not necessarily dedicated
to address inputs; they can be used as
general purpose logic inputs. Thus, the PAD
can be programmed to perform general
combinational logic without adding any ‘glue
logic’ to the overall system design. Address
inputs A16—-A19 can be used as general
inputs to the PAD for implementing logic
equations, and not for address decoding. If
they are not used, A16—A19 are “don’t care”
conditions in memory map allocation. (See
Figure 7 for a more detailed diagram of the
PAD.)

The internal port options (Ports A and B) are
both 8 bit-wide and can be programmed to act
as traditional 1/0 ports. Port C 1s a 3-bit port
designed to output logic functions from the
PAD, receive address inputs A16—-A18, or a
combination of both. Ports A and B, however,
are more complex because a number of
different options can be selected with regard
to system configuration. Figures 3, 4, 5, and
6 show the variety of configurations that are
available to these ports.

Performance
Characteristics

Two key timing parameters associated with
the device are the EPROM/SRAM access
times and the propagation delay through
the PAD. The worst-case delay from valid
address input to valid data output is 120 ns
whether the address input is multiplexed or
not. The cycle time of the system is virtually
120 ns with a small margin for address
switching. This gives a system clock rate of

about 8.3 MHz. Considering the power-
down option, it takes 100 ns for active
power input enabled through the CSl to
valid data output. If the chip-select output
option is chosen for either Port B or Port C,
the propagation delay for address and
control input through the PAD to valid chip-
select output is 35 ns.

PSD3XX System
Configuration for
Port and I/0
Options

In this section, the EPROM and SRAM are
treated as separate entities and the four
options available for configuring the PSD301
in a processor system are detailed. Figure 3
shows an 8-bit data configuration for systems
that multiplex 8-bits of data (D0-D7) with the
corresponding address inputs (A0—A7). Lines
A8-A15 are dedicated to higher-order ad-
dress inputs. Ports A and B are then avail-
able for data I/0 and Port C is available for
additional inputs, A16—A18 or chip-select
outputs CS8-CST0. Port A also has the
option of passing any one or all of the inter-
nally latched lower-order addresses (AO-A7)
to the output. Another mode supported by

Port A is called “track mode.” In this mode,
the PSD301 can be programmed to pass the
1/0s ADO-AD7 through the device enabling a
shared memory or peripheral resource to be
accessed. Port B has an additional mode to
the general port mode. The PSD301’s on-
chip PAD can be programmed to generate
chip-select signals which can be routed to
Port B’s output for external chip selection as
CS0-CS7. Port C can be programmed for
inputs A16-A18 or as additional chip-select
outputs CS8-CS10. Although labeled as
address inputs, A16—-A18 can be used for
general Boolean inputs to the PAD array.
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[VO] or [AO - A7] or [ADO - AD7] 3

Figure 3.
8-bit multiplexed

address/data
mode A8 - A15 !

ALE
ADO - AD7
A16, A17, A18 or CS8, CS9, CS10

Figure 4 extends the option offered in Figure these two configurations are suitable for

3 to a 16-bit multiplexed bus. AD8-AD15 multiplexed address/data systems of 8 or 16
convey address and data I/O. The port bits.

options remain the same as for Figure 3; thus,

240203

Figure 4.
16-bit multiplexed
address/data PORT A l [VO] or [AO - A7] or [ADO - AD7] )
mode. « '
ALE _
o PORT B I . [0} or [CSO - CS7]
D
A16, A17, A18 or CS8, CS9, CS10 3
2402 04
Figures 5 and 6 show options for a non- Port B is still available for general I/O opera-
multiplexed host processor or controller. tions or chip-select outputs. This configura-
Figure 5 is suited to byte-wide systems and tion is suitable for processors such as the
Figure 6 to 16-bit word-wide configurations. M68008.
In Figure 5, Port A is used for data DO-D7 but
Figure 5.
Non-multiplexed

Mode 8-bit Data
B"s A8 -A15

A0 - A7 ,
ALE PORTC

Becomes general
purpose input

2402 05
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Figure 6.
Non-multiplexed
Mode 16-bit Data
Bus .
2=,
ALE m A16,A17,A18 or csé,css,csw
Becomes general - “
purpose input )
2402 06
The function of Port C is the same in all of the ~ With D0-D7, this configuration is suitable for
four modes of operation. For 16-bit data 16-bit microprocessors such as the M68000.
transfers, an additional 8 bits of data is Port C is available for address inputs or chip-
required. Figure 6 shows Port B as the data select outputs.
bus for the higher-order data byte D8-D15.
Address Inputs The processor interface has 16 address chip in favor of additional chip-select outputs.

‘inputs: AD0O-AD15. The device can be

programmed to accept either address inputs
or multiplexed address/data inputs. The
address lines can be latched into the one or
two octal latches for multiplexed byte or word-
wide buses respectively. The device is
initially programmed with a word configuration
setting the PSD3XX to a specific mode; for
example, one configuration bit selects
whether the address input is multiplexed with
data or is a non-multiplexed dedicated
address. In the non-multiplexed scheme, the
input latches are held as transparent. When
the address inputs are valid on the chip as
A0-A15, they can be subdivided into two
buses: as lower-order addresses (A1-A11),
and as higher-order addresses (A12—A15).
A1-A11 go directly to the EPROM and inputs
A1-A10 go to the SRAM (see Figure 2). The
EPROM blocks are selected through the PAD
via outputs ES0-ES7 as shown in Figure 2;
and the SRAM is selected by the RS0 output.

The address input lines A11-A15, along with
possible additional address inputs A16-A19,
go into the PAD array. These address inputs
are available for mapping the blocks of
memory into the map scheme of the system.
One option is to program the additional
address inputs as valid higher-order address
inputs for memory addressing ranges above
64K bytes or 32K words. If A16—-A18 are not
required, these PAD inputs can be ignored.
Only microprocessors and microcontrollers
with a large addressing range use these
higher-order address lines. A second option
is to disregard these address inputs to the

VEsFs

A third option is available if the designer does
not need additional chip-select outputs or
high-order address inputs. The inputs
A16—-A18 can be used as general-purpose
logic inputs. Examples of this are illustrated
in some of the following applications.

An interface with the Z80B microprocessor
uses inputs A16, A17, and A18 for signals
M1, MREQ, and IORQ, respectively. In the
M68008 application, two of these pins are
programmed as DTACK and BERR from the
PSD301 to the M68008. A wired-OR function
can be implemented on the DTACK or BERR
input if the user takes advantage of Port B’s
open-drain feature. If two PSD3XX devices
are used together, the DTACK and BERR
lines can be wired together and the external
pull-up resistors can be used to tie these lines
HIGH. It is also possible to use the internal
PAD of one PSD3XX to gate these lines
together and produce composite DTACK and
BERR inputs to the M68008.

Internally, the memory blocks are arranged
word-wide with a byte-wide isolation buffer
separating the lower and upper bytes. This
buffer is controlled from the configuration
section of the PSD3XX. When the PSD3XX is
configured to operate in word-wide mode, this
buffer isolates the two buses into D0-D7 and
D8-D15. In word-wide mode, the control of
the data flow through this buffer is determined
by BHE, A0, and the device’s current configu-
ration mode. Accessing byte-wide data can
be thought of as accessing bytes on even and
odd word boundaries or as two separate
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Address 'n’mts banks of byte-wide data. The total com- mable address and control decode signals
(cﬂﬂt ) plement of EPROM is shown as eight from the PAD inputs. Figure 7 provides a
" banks. The chip-select outputs ES0-ES7 detailed schematic diagram of the PAD in
come from the PAD. These are program- terms of a traditional PLD.
PSD3XX The PAD is an EPROM-based reprogram- EPROM select lines. There is one product
Pro mable logic fuse array with sum-of-product term dedicated to each EPROM block,
yrammable outputs. For Intel-type configurations, inputs and a single product term (RSO) for the
A”ay Decoder to the PAD are A11-A19, ALE, RD, and WR. SRAM selection. Address and control for
(PAD) For Motorola type configurations, they are each EPROM bank can programmed to a
R/W, AS, and E. The CSland RESET inputs  resolution of a 4K word boundary and posi-
are used to deselect the PAD for power-down  tioned anywhere in the mapping scheme of
configurations and initialization, respectively. the designer’s system. Similarly, the SRAM
Internal to the PSD301 are the ES0-ES7 can be positioned on 2K word boundaries.
Figure 7.
Programmable —{1 501
Array Decoder =3
D— ES1
P, [ 9 —D— ES2
D— ES3 > 8 EPROM BLOCK
P —D—— ES4 SELECT LINES
E D— Es5 PAD
ALE or AS E-\f D—- Es6 A
D— ES7.)/
RDorE —D—— RS0 —— SRAM BLOCK SELECT
D—— CSIOPORT — I/0 BASE ADDRESS
WR or RW D— CSADIN
——-—w } TRACK MODE
—D— CSADOUT1 [ CONTROL SIGNALS
A19 D— CcsADOUT2
‘__ﬁ
A1? m €s1/PB1
A16 @ csz2pB2
A15 EDO— CS3PB3
3@07 CSapB4
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PSD3XX
Programmable
Array Decoder
(PAD)

(Cont.)

Other internal product term outputs from the
PAD are the CSIOPORT, CSADIN, CSA-
DOUT1, and CSADOUT2 lines. A single
product term generates the CSIOPORT
signal; this provides a base address for Ports
A and B. The registers relevant to these ports
are addressed as a base offset (see Table 1).
The CSADIN signal is used to control the
input buffer in the track mode. It can be
enabled to read data in a programmed
address space from Port A through the

PSD3XX. CSADOUT1-2 are used to control
the multiplexed address and write data
through the PSD3XX to the Port A pads. The
address range is programmed into the PAD
qualifying the address space, but CSADOUT1
is qualified by the ALE signal outside of the
PAD. This automatically lets the design
distinguish between address and write data.
To qualify valid write data, the PSD3XX
automatically includes the CSADOUT2
product term with the WR or R/W signal.

Table 1.
Port Base Address
Offset

Register Name

Offset From The CSIOPORT Base Address

Pin Register of Port A

Pin Register of Port B

Direction Register Port A

Direction Register Port B

Data Register Port A

Data Register Port B

Pin Register of Ports A and B
Direction Register of Ports A and B
Data Register of Ports A and B

+2 (Accessible only during Read)
+3 (Accessibie only during Read)
+4
+5
+8
+7
+2 (Accessible only during Read)
+4
+8

Byte Wide

Word Wide

The PAD structure enables additional chip-
selects to be routed to the Port B output pins.
The four chip-select outputs (CS0-CS3) are
supported by four product terms per output.
CS4-CS7 have two product terms per output.
The ability to use more than one product term
from a chip-select enables the mapping of
additional devices to be distributed through
the address space, rather than selecting
memory as a block. Sacrificing Port B
terminals for chip-selects could occur in
systems requiring a larger EPROM, RAM, or

1/O space. Additional PSD3XX devices can
be designed into a system by using the chip-
select outputs from Port C or B of one master
PSD3XX . This is required for addressing a
space greater than 1M. Finally, the outputs of
the sum-of-product terms are inverted to be
consistent with active LOW chip-select inputs
for additional external RAM, EPROM, periph-
erals, or busses. Port C has the capability of
providing three additional external chip-
selects, each supporting one product term per
output.

Microcontroller/
Microprocessor
Control Inputs

The control inputs are also programmable:
WR or R/W and RD or E are used for read/
write control of the internal EPROM, RAM,
and /O capability. Other control inputs are a
programmable option for Bus High Enable or
Program Store Enable (BHE/PSEN) and
Address Latch Enable or Address Strobe
(ALE/AS). These pins are selected to suit the
bus protocol of the host processor or, where
not applicable, they can be ignored. The CSI/
A19 input is available either for a power-down
chip-select enable or as a higher-order
address input without the power-down
feature. The final control input is the RESET
input; this also is a programmable option. Its
active polarity can be chosen to be compat-
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ible with the host system. The function of the
RESET input is to clear and initialize the
PSD301 at start-up. All I/Os are set up as
inputs and all outputs are either in a non-
active or three-state condition.

Consequently, the PSD3XX is prevented from
actively dnving outputs during start-up. This
feature was incorporated to prevent potential
bus conflicts. In Figure 2, the CSI and
RESET inputs are shown also as PAD inputs.
CSlis a hardwire option into the PAD that
powers down the internal circuitry and is
used in power-sensitive applications. Neither
signal is available as a programmable option.
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Figure 8.
PSD3XX Port A A1A2WR RD CSIOPORT
Structure L) |
'W DECODER
READ
PIN
READ DATA QUTPUT <l
REGISTER
APORT Di mox
¢-1D Q
> oo
WRITE|RE ADi|
CMOS OPEN
A DRAIN
D Q CONTROL
L1 e
G
RES OQUTPUT
| |+ ENABLE
READ DIRECTION —MULTIPLEX
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: "] OPTION
*-1D Q ICONFIGURATION'
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WRITE >RES
W DIRECTION PORTA STRUCTURE
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In’mt and output The port section comprises Port A (8 bits), convey eight bits of digital data to and from an
Poris Port B (8 bits), and Port C (3 bits). These external device. Figure 8 shows a single cell
support the many different /O operations. of Port A, Figure 9 shows a single cell of
For port expansion, Ports A and B can be Port B.

configured as general I/0 ports, each to

iy
.
"

W
iy
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Figure 9.
PSD3XX Port B
Structure
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Writing data to a port is similar to writing data
to a RAM location. If a port is programmed as
an output, data is loaded into the output
register as if it were a RAM location. Al-
though the ports are not bit addressable,
individual bits can be selected as either input
or output. Thus, PA0-5 can be set as data
outputs while PA6 and PA7 can be configured
as inputs. Any mix of 1/Os is possible giving
the ports additional flexibility.

Tha di

The direction of data flow through the port is

determined by the data direction register.
This register is dynamically programmable so
that the 1/O direction through Ports A and B
can be altered during the microcontroller
program execution. The data direction
register initializes with logic zeros after an
active RESET and causes each port bit to be
set as an input. This state of initialization
guarantees that the ports are prevented from
driving the output lines at start-up. If the user
requires all the Port A or Port B bits tc be
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Input and Output

Ports (Cont.)

inputs, the data direction register can be left
in this default state. To enable it as an
output, logic ones can be written into the data
direction location.

Due to the internal design, it is possible to
program Port A or Port B bit lines as inputs
and still write data to the port locations. This
is because both ports have on-chip latches
and can hold data. These registers are
hidden or buried:; i.e., they exist in the port
and their condition can be read back at any
time. However, these outputs do not drive the
output pins because the port has been
enabled as an input.

To access the port as a memory mapped
location, the initial selection is made through
the PAD’s CSIOPORT. This provides a base
address from which the locations shown in
Table 1 give access to the various ports or
their options. The configuration support
software automatically ensures that there is
no conflict between an SRAM location and I/0
port in the case of memory mapped peripher-
als. It is also possible for the PSD3XX to
distinguish between 1/0 and memory mapped
locations. The user can input memory and

1/0 control signals to the PAD through the
A16-A18 inputs and program an active
CSIOPORT output by decoding these signals.
This can be achieved with Intel- and Zilog-
type processors which have separate memory
and I/O controls. Signal input through pins
A16—-A18 is made possible through Port C.
This 3-bit port is responsible for either PAD
chip-select outputs or address/logic inputs.
CSIOPORT points to a base address at which
Ports A and B reside. Table 1 provides the
offset from the base address and the associ-

* ated port function. Figure 2 shows that Port A

is driven by a multiplexed address/data bus of
ADO-AD7 and the selection of address/data
is made from the configuration memory and
internal control functions.

The other options available to the user are
selecting 1) the shared resource or track
mode where ADO-AD?7 is routed directly
through to the Port A output, or 2) the latched
address AO-A7. In track mode, ADO-AD7
inputs to the PSD3XX are used to access
local or private memory and peripherals and
the outputs ADO—-AD7 through Port A are
used to access a public resource.

PSD3XX General
System Configu-

ration

The PSD3XX family devices consists of two
byte-wide configurable 1/O ports (Ports A
and B), 256K to 1M bits of EPROM, 16K
bits of RAM, and the PAD. Additional I/O
capability to and from the PAD is through a
3-bit I/0 (Port C). There are also on-chip
latches to support processors and
controllers that multiplex address and

data on the same bus. The EPROM memory
section of the device is programmable just
like a standard EPROM device. However,
unlike the single-chip EPROM, the PSD3XX
must also be configured to function into one
of its many possible modes of operation: This
is done by programming a non-volatile
EPROM memory location with 45 configura-
tion bits. These bits select the mode of
operation and are programmed into the
EPROM along with the hexadecimal micro-
processor/microcontroller assembly language
object code. When using MAPLE software,

the assignment of logic coriditions to the
configuration bits locations is transparent to
the user; the resultant word is merged with
the EPROM code and the data map for the
PAD.

Table 2 shows the the configuration locations
and their functional assignment. For ex-
ample, one of the configuration bits enables
the device architecture to be compatible for
either byte- or word-wide data buses. This is
the configuration data or CDATA bit. The 256
Kbits of EPROM can be configured as a 32K
byte-wide bus for applications with an 8031
microcontroller or as a 16K word-wide bus for
applications with an M68000 microprocessor.
These configuration bits are discussed in
detail as each feature is covered in this
application note.

1-13
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Table 2.
Non-volatile
Configuration
Bits

Configuration
Bits Number of Bits | Function
CDATA 1 CDATA . 0 = eight bits, 1 = sixteen bits
CADDRAT 1 ADDRESS/DATA Multiplexed. 0 = Non-multiplexed,
1 = Multiplexed
CRRWR 1 CRRWR. 0=RDand WR, 1 =R/W and E
CA19/CSI 1 A19 or CSI. 0 = Enable power-down, 1 = Enable A19
CALE 1 ALE Polarity. 0 = Active HIGH,1 = Active LOW
CRESET 1 CRESET. 0 = Active LOW RESET, 1 = Active HIGH RESET
COMB/SEP 1 Combined or Separate Address Space for SRAM and
EPROM. 0 = Combined, 1 = Separate
CPAF2 1 Port A Track Mode or Port Mode. 0 = Port or Address,
1 = AD0-AD7 Track Mode
CPAF1 8 Port A 1/0 or AO-A7. 0 = Port A pin is I/O,
1 =Port A pin is Address
CPBF 8 Port B 1/0 or CS. 0 = Port B pins are CSi (i = 0-7),
1 = Port B pins are 1/0O
CPCF 3 Port C A16-A18 or CS8-CS10. 0 = Port C pins are
Address, 1 = Port C pins are Chip-select
CPACOD 8 Port A CMOS or Open Drain. 0 = CMOS drivers,
1 = Open Drain
CPBCOD 8 Port B CMOS or Open Drain. 0 = CMOS Drivers,
1 = Open Drain
CADDHLT 1 A16-A18 Transparent or Latched. 1 = Address latched,
0 = Address transparent
CSECURITY 1 CSECURITY On/Off. 0=0ff, 1 =0n

In addition to bus width, the polarity and mode
of the bus control signals are programmable.
There are two types of read/write control: one
is consistent with either a Motorola and Texas
Instruments control bus standard; the other is
consistent with the Intel/National Semicon-
ductor/Zilog control bus standard. The
configure read and write bit (CRRWR),
distinguishes between one of two conven-
tions: either an Intel (8031) or Motorola
(M68HC11) convention can be selected by
programming this single bit in the configura-
tion memory. The Intel device requires the
PSD3XX to be programmed with an active
LOW RD and WR controls (CRRWR = 0).

For applications with the Motorola micropro-
cessor, select the R/W and E option (CRRWR
= 1). In addition to a choice of two READ/
WRITE controls, the user can select either a
multiplexed Address/Data Bus or separate
address and data lines.

Figure 3 shows the configuration that is best
suited for the 8031 microcontroller; Figure 4
shows the configuration for an 80196 micro-
controller with a 16-bit multiplexed addressed/
data bus. For the non-multiplexed modes:

1-14

Figure 5 applies to M6809 microprocessors,
while Figure 6 shows the mode applicable to
the M68000. Selection of multiplexed or non-
multiplexed buses is a programmable option
that can be invoked through the configure
address/data multiplex (CADDRAT) bit. With
the 8031 controller, address outputs AO-A7
are multiplexed with the data DO-D7 input/
output lines to create a composite ADO-AD7
bus.

The PSD3XX’s input latches can be pro-
grammed to catch a valid address when the
microcontroller's ALE signal transitions from
active HIGH to inactive LOW. The polarity of
the ALE signal is also a programmable
feature in the CALE field of the configuration
table. Address latching can be programmed
to occur on either an active HIGH or an active
LOW ALE signal. With Intel devices, the ad-
dress is valid when ALE is HIGH. Once
latched, data or code can be read from, or
written to, the PSD3XX. The CALE active
HIGH or LOW ALE configuration bit only
applies to addresses AO-A15. A separate
configuration bit, (CADDHLT), exists for the
control of the higher-order address inputs




PSD3XX - Application Note 011

PSD3XX General
System Configu-
ration (Cont.)

(A16-A19). If necessary, these addresses
can also be latched by the host system.

The highest address input is A19 but this
signal can be omitted in favor of a power-
down chip-select input (CSI). A19/CSlis
selected by the CA19/CSI configuration bit.
When the CSI input is selected and the pin is
driven HIGH, the device can be powered-
down consuming only standby power. When
configured with other CMOS devices, the
standby power is in the 80—250 pA range.
Many CMOS microcontrollers do not need a
large memory address space; thus, address
inputs A16—A19 would be unnecessary. The
CA19/CSl input can be programmed with a
logic LOW to enable a power-down option for
power sensitive applications.

The address/data multiplexed scheme also
supports the 16-bit processors. In this case,
ADO-AD15 convey a 16-bit address qualified
by ALE (or AS for the Motorola convention)
and 16-bits of data I/O. This feature is shown
in Figure 4. A microcontroller that would use
this scheme is the 80C196. The M68HC11,
like the 8031, uses the 8-bit multiplexed
scheme but with the Motorola convention for
bus control.

Another control pin used for 80C31 applica-
tions used to distinguish between program

and data memory is the PSEN output. The
COMB/SEP configuration bit should be
programmed HIGH if data and memory are
separate and LOW to configure a combined
memory space in the PSD3XX. Thisis a
useful feature for systems that require pro-
gram memory and data memory to be in
separate blocks.

For systems that use separate data and
address buses, the address latches can be
set into a transparent mode by clearing the
CADDRDAT bit location. Thus, the PSD3XX
is suitable for multiplexed or non-multiplexed
bus structures employing 8- or 16-bit bus
widths.

The RESET input to the PSD3XX enables the
device to be initialized at start-up. RESET
can be either active HIGH or active LOW
depending on the processor type. The
CRESET configuration bit selects the polarity
of the RESET input: LOW for active LOW and
HIGH for active HIGH RESET. Normally,
memory systems do not require a RESET
input; however, the PSD3XX contains data
direction registers for the ports that must be
initialized at start-up. Note that all port /0
buffers are automatically programmed as
inputs during start-up.

PSD3XX
Configuration
for Port
Reconstruction

A key feature of the PSD3XX is the concept of
port reconstruction. When using microcon-
trollers with additional off-chip memory, port
I/0 address lines are sacrificed for address,
data, and memory control lines. With a
multiplexed address/data scheme, two 8-bit
controller ports could be lost to address and
data. Furthermore, in some control applica-
tions, many port I/O bits are required to send
actuating signals to solenoids, instrument
displays, etc., and receive data through
sensors and switch panels. In many control
environments, a large amount of 1/0O capability
is required; also, additional external memory
is needed for microcontroller instructions to
perform data manipulation. Without the
PSD3XX, the supplement of extra ports as
discrete latches addressed through logic
decoders can add a number of chips to the
final design. By using the PSD3XX, additional
EPROM, RAM, and ports are all provided on
one chip. Port reconstruction lets the de-
signer reclaim the two ports sacrificed for the
microcontroller's address and data.

Port configuration is achieved through the
configuration register bits. CPAF1 configura-

tion of Port A contains eight bits; program-
ming a logic LOW assigns the selected bit
with 1/O capability as if it were a conventional
port. If programmed HIGH, the internally
latched address inputs AO—A7 are routed to
Port A lines PAO-PA7. This feature enables
other on-card peripherals to use AO-A7 as
latched addresses. Without this feature,
external peripherals to the PSD3XX would
require an external octal latch to catch the
multiplexed address when it becomes valid at
the microcontroller’s output. Configuration of
Port A as general I/O or address/data is on a
bit-wise basis; thus, the choice of port or
address/data assignment can be mixed. For
example, configuration code 111000008
programmed into location CPAF1 passes
addresses A0—A2 to outputs PAO-PA2 and
enables PA3-PA7 as conventional port lines.

Configuration bit CPAF2 is a 1-bit location.
When programmed LOW, it selects the port/
address option, as described above. If
CPAF2 is programmed HIGH, port bits
PAO-PA?7 are set into track mode. Activity on
the PAO—PA7 outputs follow logic transitions
on inputs ADO-AD7. The multiplexed ad-




PSD3XX - Application Note 011

PSD3XX
Configuration
for Port
Reconstruction
(Cont.)

dress/ data input is tracked through
PAO-PA7. Track mode enables the host
microcontroller to access a shared memory
and peripheral resource through the PSD3XX
while maintaining the ability to access its own
(private) memory/peripheral resource directly
from the microcontroller’s address/data
outputs. In this mode, the address/data
ADO0-AD7 passes through the PSD3XX logi-
cally unaltered. In summary, PAO-PA7 can
be programmed as port I/O or latched ad-
dress outputs A0—A7 (each bit being pro-
grammed on an individual basis), or as
ADO0-AD7 outputs (track mode).

Port B bits PB0O-PB7 can be programmed
either as regular port I/Os, or as chip-select
outputs CS0-CS7 encoded from the PAD
outputs. Figure 7 shows the PAD structure as
a conventional PLD. Eight bits are pro-
grammed into CPBF. Logic Low indicates that
a port pin is a chip-select output derived from
the PAD. Programming a logic HiGH sets the
appropriate pin as an I/0 function. The bit
pattern 11111000B programmed into the
CPBF location sets up PB0-PB4 as I/O ports
and PB5-PB7 as chip-selects. The typical
applications, where Port B is programmed as
bi-directional, would be with microcontroller
chips that need additional port bits. This
would be in applications where port recon-
struction is needed to drive many indicators,

solenoids, read switches, sensors, etc. In
large microprocessor-based systems, the
chip-select option would probably be chosen;
in this case, the PAD outputs select other
PSD devices, DRAM memory chips, and
peripherals such as timers, UARTS, etc.

The three bits comprising Port C can be
programmed by the CPCF configuration bits.
This group of three bits define whether Port C
is used for inputs (typically A16—A18) or
whether the pins are used as chip-select
outputs from the PAD. Although labeled as
A16-A18, the nomenclature of these pins
does not constrain the designer to using
these inputs as dedicated higher-order
address inputs. In fact, they can be general-
purpose inputs to the PAD for processors that
do not have an address capability above 64K
locations. When the PSD3XX is used with the
Z80B microprocessor, the Port C inputs have
been programmed as MREQ, TORQ, and MT.
In the case of an interface to the M6809B, two
inputs of Port C have been converted to chip-
select outputs for other memory devices and
one output has been used to feedback a
READY input to the M6809B. Port C can be
used as a general I/O from the PAD in the
form of address, control, and chip-select bits.
A logic LOW programs a port bit as an input;
a HIGH programs it as an output.
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Applications
Chapter 2
8-Bit Microcon- Figure 10 illustrates the minimum configura- code or data. This family of controllers has
tion of one controller and one PSD3XX. The separate memory locations for code and data.
troller to PSD3XX application illustrates port reconstruction To maintain full compatibility, the PSD3XX is
Interface through the device’s Port A and Port B 1/0O, also capable of being programmed to respond -
reconstituting port 2 and port 0 of the micro- to the PSEN signal. When A16-A18 are
controller. Table 3 gives the configuration programmed as inputs but not driven, they
information that would be programmed in the should be tied active HIGH or LOW. Unused
configuration section of the PSD. Table 3 inputs to the PSD3XX must not be permitted
shows that both port I/Os have been pro- to float. Tying can be avoided on unused
grammed with CMOS load and drive charac- A16-A18 lines if these are programmed as
teristics. A feature of the 8051/8031 family is ‘dummy’ CS8—-CS10 outputs. A19/CSI cannot
the PSEN signal, which determines whether be programmed as an output; thus, it must be
the memory selection is active for executable  tied if not used.
Table 3. Configuration Bits Function
Small Controller | coata 0 8-bit data bus
System with One | cAppRDAT 1 Multiplexed address/data
80C31 and One CRRWR 0 Set RD and WR mode
PSD3XX CA19/CSI 0 Set CSl input power-down mode
CALE 0 Active HIGH ALE
CRESET 1 Active HIGH RESET
COMB/SEP 1 Code and data memory separate
CPAF2 0 Input/Output Port A
CPAF1 00H Input/Output Port A (0-7)
CPBF FFH Input/Output Port B
CPCF 000B Port C programmed for inputs
CPACOD 00H Configure CMOS outputs Port A
CPBCOD 00H Configure CMOS outputs Port B
CADDHLT 0 Transparent inputs A16—-A19
CSECURITY 0 No security

ity
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Two PSD3XX Figure 11 illustrates an extension to the The configuration Table 4 indicates that Port
Byte-Wide previous design in that two PSD3XX devices C has been configured as outputs. Provided
have been used, doubling the memory and one PSD3XX is powered up for the whole
Interfaces to the pont resources of the system solution. Inthis  address range, its PAD can decode an
Intel 80C31 application, the power-down capability has address range to select and deselect the
been used so that one PSD3XX can be active =~ second PSD3XX device through the CS10
while the other device is in power-down output. In Figure 11, the PAD output A18/
mode. The mean power consumption is CS10 on PSD3XX U2 can be used to power-
reduced, so this configuration can be consid- down the second PSD3XX through the A19/
ered for power-sensitive applications. CSl input.
Table 4. Configuration Bits Function
80C31 Interface | coata 0 8-bit data bus
to Two PSD3XX CADDRDAT 1 Multiplexed address/data
Devices with CRRWR ] Set RD and WR mode
Power Economy CA19/CSI 0 Set CSI input power-down mode
Feature CALE 0 Active HIGH ALE
CRESET 1 Active HIGH RESET
COMB/SEP 1 Code and data memory separate
CPAF2 0 Input/Output Port A
CPAF1 00H Input/Output Port A (0-7)
CPBF FFH Input/Output Port B
CPCF 111B Outputs CS8-CS10
CPACOD 00H Configure CMOS outputs Port A
CPBCOD 00H Configure CMOS outputs Port B
CADDHLT X “Don’t care” for latched A16—-A19
CSECURITY 0 No security

It is not recommended that the two PSD3XX
devices select each other because the PAD
section of a PSD device is powered down
with the rest of the device. At least one PAD

decoder must be kept active to select and
deselect others. Port C outputs CS16-CS18
can power-down as many as three other
PSD3XX devices.
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PSD3XX M68HC11 Figure 12 illustrates the configuration of an In this design, the security bit is programmed.

Byte-Wide M68HC11 microcontroller which also uses the  This bit prevents the reading of the PAD
8-bits wide multiplexed address/data bus. configuration by an unauthorized user.

Interface The application is similar to that given in Furthermore, if the security bit has been
Figures 6 and 7 except that the R/W and E programmed, standard programming ma-
control lines have been invoked to establish chines can not read the internal code of a
compatibility with the Motorola device. The PSD3XX . However, data can always be read

address strobe output from the M68HC11 is from the EPROM, RAM, and ports. This
HIGH so the AS(ALE) input is set HIGH. The  provides normal use of the device. If the
SRAM and EPROM section are programmed address map in the PAD cannot be inter-

as combined and both Ports A and B are preted, the actual location of data within the
enabled as I/0Os with CMOS drives. Port C is address and I/O space is difficult to deter-
programmed with chip-select outputs mine. Besides programming the CSECU-
CS8-CS10. Other PSD3XX devices can be RITY bit, added security can be applied by
mapped into the addressing scheme or the scrambling the sequence of address and data
lines can be programmed to transition as inputs. A short PASCAL or ‘C’ program can
strobes in defined mapping areas. The latch be written to reorganize the original Intel MCS
enable bit for the higher-order address lines code to be aligned with the scrambled pins.

A16—-A19 is not used establishing a don't care  Table 5 indicates the configuration for the
condition. The CADDHLT condition must be M68HC11/PSD3XX interface.

selected if any one of A16—-A19 lines is

selected as input to the PSD.

Table 5. Configuration Bits Function

M68HC11 to CDATA 0 8-bit data bus

PSD3XX Interface | capprpaT 1 Multiplexed address/data
CRRWR 1 Set R/W and E mode
CA19/CSI 0 Enable CSI input
CALE 0 Active HIGH AS (ALE)
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 0 Input/Output Port A
CPAF1 00H Input/Output Port A
CPBF FFH Input/Output Port B
CPCF 111B Output CS8-CST0
CPACOD 00H CMOS drivers
CPBCOD 00H CMOS drivers
CADDHLT X “Don’t care” A16—A19 not used
CSECURITY 1 Security on
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8-BIT Non-Multi- Figure 13 illustrates an application in which needed to avoid possible bus contention on
the address and data are not multiplexed. these lines. In this application, ALE(AS) can
plexed PSD3XX The M68008 has an 8-bit data bus and 20-bit be used as a general-purpose logic input to
Interface to address bus. The PSD3XX can be pro- the PAD because the function of ALE be-
M68008 grammed to support the microprocessor by comes redundant in a non-multiplexed
providing data I/O through Port A. The address/data bus. Also shown in FiguLe_ 13is
address lines from the microprocessor go to a method of inverting the active LOW DS
inputs AO-A19. Port B outputs are used for (Data Strobe) M68008 output. The A19 input ‘
external chip-selects to other MAP devices or s enabled to the PSD internal PAD and
other memory resources. The configuration inverted at the output of CS10 to drive the
has been set for compatibility with Motorola PSD3XX E input. The E input must be active
control signals. There are six chip-select HIGH but DS is active LOW and qualifies a
outputs (CS0-CS5) and an address decode valid data transfer. Thus, the PAD must
for DTACK and BERR. The PAD decodes an  perform a signal inversion. The E signal
address range which is fed back to the output from the M68008 is used to interface to
microprocessor through these inputs. Using Motorola 8-bit peripherals. However, with
the open-drain configuration has been imple- Motorola microcontroller families such as the
mented in Port B bits 6 and 7. The two pull- M68HC11, the E signal output can drive the E
up resistors enable external memory and input to the PSD3XX. Table 6 gives the
peripherals to access the DTACK and BERR configuration information associated with the
inputs as a wired-OR function. design given in Figure 13.
If other PSD3XX devices are mapped into the
M68008 system, no additional glue logic is
;76”;7]:& to Configuration Bits Function
PSD3XX CDATA 0 8-bit data‘ bus
Interface CADDRDAT 0 Non-Multiplexed address/data
CRRWR 1 Set R/W and E mode
CA19/CSi 1 Enable A19 input’
CALE X “Don’t care” non-multiplexed mode
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 X “Don’t care” Port A used for data
CPAF1 XXH “Don’t care” Port A used for data
CPBF 00H Port B used for chip-selects
CPCF 001B Configure A16 and A17 In, CS10 Out?
CPACOD 00H CMOS drivers
CPBCOD COH CMOS drivers, PB6, PB7 open drain
CADDHLT 0 Address latch transparent A16—A19
CSECURITY 1 Security on

1 The DS output from the M68008 drives the A19 input to the PSD3XX
2 The internal PAD of the PSD3XX inverts the DS input to drive its own E input from the CS10 PAD output A16 and

A17 are programmed as PSD inputs
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M68000/ With the circuit design given in Figure 15,two  composite DTACK and BERR feedback
2X PSD3XX PSD3XX devices are used in a byte-wide signals to the M68000. The generation of the
mode. One PSD stores the upper data byte E signal for both PSD devices is achieved in
Applications and one the lower data byte of a 16-bitword.  the same way it was in the M68008. The LDS
By using the devices in this way, two 6-bit and UDS inputs (to U2 and U3 respectively)
wide ports can be created in Port B of each are inverted by the PAD and drive the rele-
device. PB6 and PB7 are programmed as vant E inputs. Table 8 gives the configuration
open-drain outputs and wired-OR giving information relevant to both PSD devices.
Table 8. Configuration Bits Function
M68000 Micro- | coata 0 8-bit data bus
processor to TWo | cApDRDAT 0 Non-multiplexed address/data
PSD3XX Devices | crrwr 1 Set R/W and E control inputs
in Parallel CA19/CSI 1 Enable A19 input’
CALE X “Don’t care” not used
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 X “Don’t care” Port A used for data
CPAF1 XXH “Don’t care” Port A used for data
CPBF FFH Port B used for /O
CPCF 111B Configure C88-CS102
CPACOD 00H CMOS drivers
CPBCOD 00H CMOS drivers
CADDHLT 0 Transparent A19
CSECURITY 0 No security

-

2.C

/3

. A19 input to the PSD3XX's is used to receive UDS and LDS from the M68000 microprocessor. These signals are
inverted by the PAD of each PSD3XX and fed back to the E input of each divice.

S10 of each PSD3XX drives the inverted UDS and LDS back to E input. Port C is programmed to output CS8 and
CS9. Additional byte-wide peripherals can be configured to the system and selected by these signals.
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16- Bit Address/ Figure 16 and Table 9 give the configuration chip-select, respectively). The signals have
Data PSD3XX of the PSD3XX in an Inte;l 80186 system. This  been inqluded in the syg'(em to help m?nimize
device has a 16-bit multiplexed address/data  the requirement for additional glue logic. Both
Interface to Intel bus. Ports A and B are used for data /O can be used in the PAD decoder to position
80186 functions, so this design can take advantage sections of EPROM and RAM. The UCS is
of the port expansion capability. To distin- designed to decode addresses FFFFFH to a
guish between memory and I/O functions, itis  programmable limit. The 80186 begins
necessary to decode the S2 output from the executing from memory location FFFFOH
80186. This output line goes directly to the after a system reset; thus, this signal should
PAD through Port C bit zero. When LOW, be used to select EPROM that contain a
this signal qualifies a memory access; when system initialization sequence. The LCS has
HIGH, it indicates that an 1/0O operation is in been designed to program from 00000H up to
progress. Programming the PAD can use this  a programmabile limit. In this example, the
input to differentiate between I/O and memory ~ RESET line from the 80186 is active HIGH
access. and drives the RESET input of the PSD301
Two additional signals from the 80186 are which is programmed to respond to a HIGH
UCS and LCS (upper chip-select and lower level.
Table 9. ) .
Intel 80186 to Configuration Bits Funcl.ion
PSD3XX CDATA 1 16-bit data bus
l.‘onfiyuratinn CADDRDAT 1 Multi_el_exed ﬂress/data
for CMOS Ports CRRWR_ 0 g RD and WR mode
CA19/CSlI 0 CSl input to PAD
CALE 0 Active HIGH ALE
CRESET 1 Active High RESET
COMB/SEP 0 Combined memory mode
CPAF2 0 1/O Port A
CPAF1 0 1/O Port A
CPBF FFH 1/O Port B
CPCF 000B Input A16-A18
CPACOD 00H CMOS drivers
CPBCOD 00H CMOS drivers
CADDHLT 0 Latched A16-A19
CSECURITY 0 No security
FES ==
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16-Bit Address/ 'n Figure 17, the PSD3XX is connected to an displays. High-efficiency LEDs can be

i . icro- illumi hrough th n drain outputs of
Data PSD3XX to ::Igr?:rgﬁ;? 2pnp::ic::r:t(i:g:;rg"i§rn£e?sa;); rtr:cro gg:gét_erg; cg:f?gutra?ic?r? ienféirr:ation ?n Table
Intel 80196 illuminate indicators (such as LEDs). Here, 10 indicates that Port B has open drain
Interface the PSD3XX is used to drive LED indicator drivers to sink LED illumination current.
,Ta:”le 8201. 96 1 Configuration Bits Function
”,’sf,sxx 0 CDATA 1 16-bit data bus
Ganfiguration CADDRDAT 1 Multﬂexed itﬂress/data
for LED Drivers CRRWR_ 0 Set RD and WR njgge
CA19/CSI 0 “Don’t care” A19/CSI
CALE 0 Active HIGH ALE
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 0 1/0 Port A
CPAF1 00H 1/0 Port A
CPBF FFH 1/0 Port B
CPCF 000B Output A16-A18
CPACOD 00H CMOS drivers
CPBCOD FFH Open drain drivers
CADDHLT X “Don't care” (not used)
CSECURITY 0 No security
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Figures 18 and 19 illustrate the PSD3XX used

Interfacing the
PSD3. - with 8-bit microprocessors, such as the Z80B
XX to 8-Bit and M6809B. Tables 11 and 12 reflect the

Mlcml'm“mrs configuration of each design, respectively.

the PAD can be programmed to distinguish
between memory and I/O operations, the
Z80B system has access to an 8-bit data port
Port B. With the M6809B system, CS8 is

1-33

280 and M6809  The mode of operation is 8-bit data bus witha  used to respond to the MRDY input of the |
‘pp”camms non-multiplexed address/data input. In thg micyoprocessor and CSQ and CS10 are
case of the Z80B, CS8-CS10 inputs are tied  available for external chip-select.
to M1, MREQ, and TORQ respectively. Since
Table 11. Configuration Bits Function
Z80B to PSD3XX | coaTa 0 8-bit data bus
Interface CADDRDAT 0 Non-multiplexed address/data
CRRWR 0 Set RD and WR mode
CA19/CSI 0 CSlinput
CALE X “Don’t care” (not used)
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 X “Don't care” Port A used for data
CPAF1 XXH “Don’t care” Port A used for data
CPBF FFH 1/0 Port B
CPCF 000B Configure A16-A18 as inputs
CPACOD O0H CMOS drivers
CPBCOD 00H CMOS drivers
CADDHLT 0 A16-A18 transparent’
CSECURITY 0 No security
1. A16-A18 inputs are used as M7, MREQ, and TORQ inputs to the PAD from the Z80B output. Use the ALIAS
command in the support software.
Table 12. Configuration Bits Function
M6809 to PSD3XX | cpaTa 0 8-bit data bus
Interface CADDRDAT 0 Non-multiplexed address/data
CRRWR 1 Set R/W and E mode
CA19/CSI 0 Enable CSl input
CALE X “Don’t care” non-multiplexed mode
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 X “Don’t care” Port A used for data
CPAF1 XXH “Don’t care” Port A used for data
CPBF FFH Port B used for I/O
CPCF 111B CS8-CS10 outputs
CPACOD 00H CMOS drivers
CPBCOD 00H CMOS drivers
CADDHLT 0 “Don't care”
CSECURITY 0 No security



ye-1

U1

M1

MREQ
IORQ

RD
REFSH
HALT
WAIT

INT
NMI

RESET

BUSRQ
BUSAK

> CLK

Z80B

B g

81 ainbir4

suoiealddy
110 310N uopeayyddy - XxXeasd

XXeasd/aosz

uz

23 I ADo/AO Pao 21
AD1/A1 PA1

23| ADz/A2 PA2
AD3/A3 PA3
AD4/A4 PA4 (17
AD5/AS PA5 2
AD6/A6 PAG 12
AD7/A7 PA7
AD8/A8 PBo I <FG >
AD9Y/A9 PB1 S
AD10/A10 PB2 7S
AD11/A11 PB3 >
AD12/A12 PB4 | Pa_ >
AD13/A13 PBS = P5 >
AD14/A14 PB6 [—2 P6 >
AD15/A15 PB7 7
=5 40 M1
RD A16/CS8
WR A17/Cso [—41_MREQN
BHE/PSEN
ALE Ate/cs10 42 1ORQ
RESET A19/CSI

GND

PSD3XX




|||I||
Uiy

ge-1

suoneaddy
XXeasd/6089
61 ainbi4

- C1
20pF U1 u2
X1 39 | xq 23 1 ADo/A0 PAO
_ o O3 AD1/A1 PA1
GND 500F 8MHz 25 | AD2/A2 PA2
a 38 | Exe 26 | AD3/A3 PA3
a7 22| AD4/Aa PA4
RST —379 RESET 28 | ADs/A5 PAS
ML NMI AD6/AG PA6
0 30 | Ap7/A7 PA7
HLT > 04 HALT 311 Ape/as 1
RaS IRQ 32 | ADo/Ae PBo 1
} 33 | Ab1o/at0 PB1 [ >>_
[FRa 249 FIRQ 35| AD11/A11 PB2 2
38 1 MRDY. 3¢ | aD1z/A12 PB3 [—8
DMA>- DMA/B 37| AD13/A13 PB4 2
38 | AD14/A14 PB5 S
AD15/A15 PB6 —
PB7
24 e _ A16/CS8 (20
z RAN/VPP A17/CS9
Vee 15| BHE/PSEN a2
L——zs AS A18/CS10 —35-<_CS1]
RESET Ato/CSI 48
GND
PSD3XX
6809B

110 ajoN uoneayddy - XXeasd



PSD3XX - Application Note 011

PSD3XX Figure 20 provides a schematic of the the case for the M68000 microprocessor). To
Interface o the 75500 [T o 2250 e cevcers et o e gt o €
Intel 80286 multiplexed mode. Ports A and B are con- programmed as an address decoder. Table
verted automatically for use as a bi-directional 13 provides configuration information relevant
data path into the PSD3XX. (This was also to this system design.

Table 13. Configuration Bits Function
Intel 80286 to CDATA 1 16-bit data bus
PSD3XX Interface | capprpAT 0 Non-multiplexed address/data

CRRWR 0 Set RD and WR control inputs

CA19/CSI 1 Enable A19 input

CALE X “Don’t care” non-multiplexed mode

CRESET 1 Active HIGH RESET

COMB/SEP 0 Combined memory mode

CPAF2 X “Don’t care” Port A used for data

CPAF1 XXH “Don’t care” Port A used for data

CPBF XXH “Don’t care” Port B used for data

CPCF 011B A16 input; CS9 and CS10 outputs

CPACOD 00H CMOS drivers

CPBCOD 00H CMOS drivers

CADDHLT 0 Transparent A16—A19 input

CSECURITY 0 No security

==
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External
Peripherals to the
PSD3XX/M68HC11
Configuration

The configuration in Figure 21 illustrates how
the user can feed address outputs from the
internal latch to Port A. Addresses AO-A7,
derived from a multiplexed address/data bus,
can go directly to an additional peripheral
without the need for an additional octal latch
such as the 74HC373 or 74HC573. Port A
can be used for address outputs AO—A7 while
PB0-PB7 can be used as chip-selects. Lines
A0-A4 of the PSD3XX drive the RS1-RS5
register select inputs of the M68230. For the
M68HC11, the eight bits of address and data
come from its PC port PC0O-PC7 (AD0-AD7)
and are latched by the AS input. Configured
in this mode, the PSD3XX can address and
map additional peripheral chips. Port A of the
PSD3XX conveys the internally latched

address outputs A0—-A7 to the output and can
be used to address registers in the peripheral
chips while Port B outputs can place individ-
ual peripherals at peripheral or memory-
mapped boundaries. Thus, a number of
additional chips can be selected through Port
B. This effectively can increase the port
density of the system design. The general I/O
capability can then be extended to extra
ports, timers, UARTS, serial communications
channels, keyboard interface devices, CRT
controllers, etc. without the need for additional
glue logic. Table 14 highlights the configura-
tion information programmed into the PSD3XX
when configuring the M68HC 11 to a M68230
peripheral.

Table 14.
MG68HC11/PSD3XX
to External
Peripheral
M68230

Interface

Configuration Bits Function

CDATA 0 8-bit data bus
CADDRDAT 1 Multiplexed address/data
CRRWR 1 Set R'W and E mode
CA19/CSI 0 Set power-down mode
CALE 0 Active HIGH AS
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 0 Port A = address A0O-A7
CPAF1 FFH Port A set for address
CPBF 00H Port B set for chip-select
CPCF 1118 Port C set for chip-select
CPACOD 00H CMOS buffers

CPBCOD 00H CMOS buffers
CADDHLT X “Don't care”
CSECURITY 0 No security
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Additional Figure 22 illustrates how additional SRAMs external SRAM from the microcontroller and
External SRAM can be configured into a system. This do not need to go through the PSD3XX
PSD3XX configuration is not limited to exter- These lines can drive the RAM chip directly.
nal peripheral expansion; it can also be used Thus the M68HC11 system, which is highly
to add additional memory without the need for  memory-intensive and requires more RAM
external glue logic. With an 8-bit address/ than the microcontroller and PSD3XX can
data multiplexed scheme, the higher-order supply, can take advantage of the configura-
addresses (A8-A15) are non-multiplexed. tion shown in Figure 23 which is detailed in
These address lines are fed directly to the Table 15.
36%;551 / Configuration Bits Function
PSD3XX CDATA 0 8-bit data bus
Gnnflgurad to CADDRDAT 1 Muitiplexed address/data
Address CRRWR 1 Set RW and E mode
Additional CA19/CSI ()} Set power-down mode
SRAM CALE 0 Active HIGH AS
CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 0 Port A = address A0-A7
CPAF1 FFH Port A set for address
CPBF 00H Port B set for chip-select
CPCF 11B Port C set for chip-select
CPACOD 00H CMOS buffers
CPBCOD 00H CMOS buffers
CADDHLT X Latched A16-A19 “don't care”
CSECURITY 0 No security
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Additional Figure 23 illustrates, and Table 16 details, a data. Since it is a multiplexed 8-bit machine,
similar system using the Signetics it can use the on-chip latches. In highly RAM-
External SRAM SC80C451. This microcontroller has many intensive applications, an additional two 8K x
(l.‘ant.) ports and some SRAM but requires off-chip 8 SRAM chips can be included and selected
EPROM to store programmed instructions. through Port B. If additional SRAM chips are
This device is similar to the 8051/31 family not needed, Ports A and B can recreate Ports
which uses the active LOW PSEN signal to 0 and 2 which are lost in addressing external
differentiate between executable code and memory.
Table 16. ourati i ‘
. Configuration Bits Function
S680C451/ ,
Psn3xx CDATA 0 8-bit data bus
canfiyured to CADDRDAT 1 Multiplexed address/data
Address CRRWR 0 Set RD and WR mode
Additional CA19/CSI 0 Set power-down mode
SRAM CALE 0 Active HIGH ALE
CRESET 1 Active HIGH RESET
COMB/SEP 1 Separate data/program memory
CPAF2 0 Port A = address A0-A7
CPAF1 FFH Port A set for address
CPBF 00H Port B set for chip-select
CPCF 111B Port C set for chip-select
CPACOD 00H CMOS buffers
CPBCOD 00H CMOS buffers
CADDHLT 0 “Don't care” (not used)
CSECURITY 0 No security
FESES=
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PSD3XX Used in

Track Mode

Figure 24 illustrates a design that utilizes the
track mode of operation that has been
discussed but not illustrated in an application.
Here, Port A passes or tracks through the
multiplexed address and data of the 80196.
Address and data outputs ADO—-AD?7 from the
80196 appear on the PSD3XX Port A pins. In
this mode, the SRAM, shown in Figure 24 as
U4, can be accessed either by the 80196
(used in byte mode) or by a second processor
in the host system. The SRAM in the design
can be used as a common resource. An
example would be a system in which the host
uses the memory to pass parameters to the
local 80196. Table 17 gives the configuration
data for an 80196/PSD301 interface to SRAM
using Track Mode.

A Direct Memory Access can transfer data to
the common memory via a BUSRQ/BUSGR
handshake. Note that the PAD in the
PSD3XX controls the three-state condition of
the octal latch U3 74HCT373 enabling the
host system to control SRAM addresses
A0-A7. Port A of the PSD3XX is also put into

a three-state condition during host-to-SRAM
activity. In the design given in Figure 24, Port
B outputs PBO, PB1, and PB2 are used to
control the SRAM inputs CE, OE, and WR re-
spectively. Also, A8, A9, and A10 are fed
through the PAD as identity functions to the
open drain drivers of PB3, PB4, and PB5
respectively. There is no track-through
feature for these address lines; however, if
they are fed through the PAD, they can drive
the external memory resource as if they were
tracked through.

The M80196 can operate in either byte- or
word-wide mode controlled by its BUSWIDTH
input. In this application, the PB6 output
drives the BUSWIDTH line to switch between
the byte-wide bus of the external SRAM and
the word-wide interface of the PSD3XX. All
Port B outputs, with the exception of PB6, are
configured as open-drain. Provided the host
system also has open drain/ collector drivers,
both systems can access the SRAM without
bus conflict. The only additional circuitry re-
quired would be the pull-up resistors.

Table 17.

Intel 80196 to
PSD3XX Used to
Access External
SRAM in Track

Mode

Configuration Bits Function

CDATA 1 16-bit data bus

CADDRDAT 1 Multiplexed address/data
CRRWR 0 Set RD and WR mode
CA19/CSI 0 Set power-down mode

CALE 0 Active HIGH ALE

CRESET 0 Active LOW RESET
COMB/SEP 0 Combined memory mode
CPAF2 1 Address/data (Track Mode)
CPAF1 XXH “Don’t care” in Track Mode
CPBF O00H Port B set for chip-select outputs
CPCF 111B Port C set for logic outputs
CPACOD 00H CMOS buffers

CPBCOD FFH Open drain buffers

CADDHLT X Latched A16-A19 “don’t care”
CSECURITY 0 No security
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Chapter 3

Programmable Peripheral
Application Note 011
Software Support

The support software for both PSD3XX
family and MAP168 memory-mapped
peripheral devices is designed to run on
IBM PC XT/AT or 100% compatible
systems. It is menu-driven and very user-
friendly. In many cases it has the capability
of preventing the user from creating invalid
configurations. For example, in a non-
multiplexed system with a 16-bit data bus,
Ports A and B are used for data I/0. The
software recognizes this and prevents the

user from inadvertently programming Ports

A and B as regular ports.

When running in the IBM PC environment,

the PSD development software creates the

menu shown in Figure 25. Initially, the
designer selects the part type with the user
key F8 or moves the screen cursor to
PARTNAME. In the example shown, the
selection for the part type is PSD301.

Figure 25.
MAPLE Main
Menu

MAPPRO
PARTLIST
LOAD
SAVE
COMPILE

F8  PARTNAME

» Partname : PSD301

[Aspecify PARTNAME to be configured and press <Enter>. I

G

Cursor — Up:T Doun:l

C:\NSI,)

The menu listed to the left of Figure 25 links
the function keys and their association. F1
suspends the MAPLE software to DOS for file
editing or updating. F2 exits the program and
returns the user to the DOS environment. F3
selects the programmer option so the user
can program the compiled object file into the
PSD301 device provided a programmer is
connected to the system. The LOAD selec-
tion (F5), loads an existing program into the
MAPLE environment for editing and compil-
ing. F6 saves that program under a user-

240225

defined name. F7 compiles the user-gener-
ated file into an object file that can be trans-
ferred to the programmer. F8 provides part
type selection, either PSD301 or MAP168.

Figure 26 illustrates a second menu to the
right of the main menu. The list shows
ALIASES, CONFIGURATION, PORT C,
PORT A, PORT B, and ADDRESS MAP. The
designer selects each choice, starting from
ALIASES, and moves down through the list
configuring each option.
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Figure 26. I r )
MAPLE Menu
with PARTNAME
Submenu
F1  DOS
F2 EXIT
F3  MAPPRD
F4 PARILIST
FS LOAD
F6  SAVE
F?  COMPILE
FB8  PARTNAME
|[ If you want to name some signals, press <Enterd>. n
Cursor - Up:1 Doun:l Left:e
C:\USI
- J
240226
ALIASES Menu The ALIASES selection lets the user individually ~ DTACK signals coming from the PAD, as well

define the port pins with user-relevant names.  as the remaining CS0, CS5 chip-select
The circuit diagram shown in Figure 13 uses outputs.
an M68008 processor, with BERR and
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Figure 27. Figure 27 gives the CONFIGURATION menu.  This feature activates the PSEN input. In this
In this case, the PSD301 has been configured  configuration it is possible for the SRAM and
CONFIGURATION for the system shown in Figure 10: interfacing  EPROM to share the same address space.

Menu to an 80C31; the 8-bit data/address bus is After the device is configured, Ports A, B, and
multiplexed. The chip-select input is chosen C can be set up. If the main menu is invoked
over the A19 input. The RESET and ALE by selecting F1 (Figure 28), Port C can be
polarity is set as active HIGH with RD and selected as shown in Figure 26. Here, the
WR control inputs enabled. The inputs individual selection of CS/Ai configures the
A16-A19 are transparent and separate three pins as outputs.
strobes are enabled for SRAM and EPROM.

4 I
Address/Data Mode (Multiplexed: MX, Non-Multiplexed: NM) MX
Data Bus Width (8,16 bits) 8
CSI (Power-Doun/Chip Enable) or A19 CSI
Reset Polarity (Active Low: LO, Active High: HI) HI
ALE Polarity (Active Low: LO, Active High: HI) HI
WR and RD (URD) or R-/W and E (RUE)? WRD
A19-A16 Transparent or Latched by ALE (Trans: T, Latched: L)|| T

Using different READ Strobes for SRAM and EPROM ? (Y/N) Y
“Scparate SANR and LPROM address. spaces # (DM | V|

If SRAM and EPROM share the same Address space, press SPACEBAR.

F1-Return to Main Menu FZ2-Temporary exit to Dos Cursor- Up:T Doun:l

C:\UST
- J

240227

]
Ul
)
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Figure 28. e ~
Port C
Configuration
Menu
Conf igure all the 3 pins before going to any CS Definit
If you want to configure PCO as A16, press SPACEBAR.
F1 - Return to Main Menu F2 - Temporary exit to Dos
F3 - Goto CS Definition Cursor - Up:t Doun:l
C:N\USI
-
240228
Figure 29. Figure 29 shows the configuration of Port A. PSD301’s internally latched address lines
Port A This could be applied to the example shown AO-A4 directly to the M68230. PA5-PA7 are
. . in Figure 21 which shows the PSD301 inter- configured as port outputs and can be used
cn”f'g"’atmn facing to an M68230. Port A passes the as general |/Os.
Menu, Part 1.
4 A

PORT A (ADDRESS/10)

N = = PIN AisI0 {CMOS-0D
Configure each pin to be Address or 1/0.

cnos

Pins configured as Addresses should PAl Al CcMOS
normally have CMOS outputs. PAZ 174 CMOS
— PA3 A3 CMOS
PAd A4 CMOS

PAS 10 CMOS

To configure PAO as I-/0, press SPACEBAR. PAG 10 CcMOS
PA? 10 CMOS

F1-Return to PORT A Cursor — Up:T Douwn:! Left:« Right:

CiNUSI

240229
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Figure 30. Port A can be programmed to be either designer wants to program the device as
Port A address /O or track mode, as illustrated in shown in Figure 24.
. . Figure 30. Track mode is selected if the
Configuration
e N
Menu, Part 2. P
TRACK MODE
If you want to configure PORT A pins individually as Address
or 1,0 bits, press <Enter>.
F1 - Return to Main Menu FZ - Temporary exit to Dos.
Cursor - Up:T Doun:!
C:N\USI
- Y
2402 30
Flgure 31. Figure 31 gives the configuration of Port B. and CS7 have been programmed as open-
Port B This is similar to the configuration pattern for drain outputs connected to the micro-
Con fiyur ation the M68008 shown in Figure 13. Here, CS6 processor's DTACK and BERR, respectively.
~
Menu K
PIN CS/10 ||CMOS-0D
PBO Cso CMOS
PB1 Cs1 CMOS
PB2Z Cs2 CMOS
PB3 C33 CMOS
PB4 CS4 cMOS
PBS Cs5 CMOS
PB6 C36 0D
Al csv ||
If you have CMOS output for PB? press SPACEBAR.
F1 - Return to Main Menu FZ - Temporary exit to Dos
F3 - Goto CS Definition Cursor - Up:T Doun:l Left:« Right:»
\\ C:\USI

2402 31
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Figure 32.
ADDRESS MAP
Menu

Figure 32 shows the ADDRESS MAP menu.
The designer can enter a binary code for the
address range of the various select lines;
ES0-ES7, RS0, and CSP, being the EPROM,
SRAM, and PERIPHERAL assignments,

respectively. A space for individual hexadeci-
mal files is reserved under the FILENAME
section. The Intel MCS files are listed as they
would be compiled and programmed into the

-

ADDRESS MAP

device.
\

afll Afll Al Al A A|{SEGMT||SEGMT||[F ILE |([FILE FILE NAME
19]|[18}|[17}|[16]/15 14 1 1||START||STOP \TﬁB sTUP
oLl Nj| N|| NJ| off of © 0 N 00000 [[FFF INIT.MCS
ES1)| NJ| N]| N|| N|| off off eff 1|| N||0100O||1FFF 1000 1FFF CODE1.MCS
ESZ|| NJ| N|| N|| N|| ©ff off 1{| o]l N|jo2000[2FFF [|2000 [[2FFF ||CODEZ.MCS
ES3|| NJ| N]| N|| N|| o] ©ff 1|| 1| N||03000[{SFFF ||3000 [I3FFF [|CODE3.MCS
ES4]| NJ} Nj| N]| N|| ©ff 1] ©)f O N||o4000||4FFF [[4000 ||4FFF [TABLE1.MCS
ESSH Njl Nj} Nj| NJl off 1)] 1]| ©f N|jo6000 |6FFF [[S000 ||SFFF [ITABLE1.MCS
ES6) NJl NJ] N|| N} o]] 1) 1] 1] N||6?000||?FFF
ES?Hl N|l NJ| N}| N} 1)| ©}] ©]] ©f N||oBOGO |SFFF
RSO}t N|l Nfi N} N]| 0]| 0} Ooff off ©]|00000||?FF
CSP|| N|l NJI N}l Nl 1]} o} Off o) ©|j08000||8?FF

Fill in A19-Al11 (Binary) or
and FILE NAME. Use SPACEBAR to erase
F1 Return to Main Menu
Cursor — Up:T Doun:! Left:« Right:~»

o

SEGHMT START (Hex):

FZ2 - Temporary exit to DOS

and FILE(START, STOP)
any field value.

F3 - Goto Help
N - Non-editable bit.

C:\USI

After configuration has been established, the
user can return to the main menu and select
the COMPILE option. The configuration is
compiled and converted to a JEDEC array
program map.

When successfully finished, the designer can
select the MAPPRO option (see Figure 25),
and when a WSI MAGICPRO™ programmer

240232

is available in the PC system, finalize the
design by programming a PSD301.

The Address Map for Port B can be config-
ured as shown in Figure 33. Per Figure 31,
depress function key F3 to invoke the chip
select definition. The entries can be made for
logic HIGH, LOW, or “don’t care” conditions.
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Figure 33. :
Port B
Configuration . Py
: m | cs/10 [oros o] | —TESEEEEITTTR—
Menu with cmos
Address Map PB1 CS1 cMos
PB2 Ccsz CMOS A18[In17]lA16 JIA1SflA14]IA13 IA1Z IA11ALE)] RD|| WR
PB3 Cs3 CMOS oflejjoffrrffrpryg1ryxiyx
PB4 Cs4 CMOS |
PBS Cs5 CMOS
PB6 Cs6 CMOS
PB? Ccs? CcMOS
2
CS definition is the NOR of the product terms(rous). Enter 1 to select
Active High signal, © to select Active Louw signal, X to mean ’don’t
care’, SPACEBAR to erase. Enter values in columns relevant to your
application: other blank columns will be treated as 'don’t care’s.
F1 - Return to PORT B Cursor - Up:T Down:! Left:« Right:»
C:\USI
.
2402 31
s"mmary The PSD3XX microcontroller peripheral with enhancing the reliability of the final product.

memory, supported with low-cost software
and programming capability form WSI,
greatly simplifies the overall design of
microcontroller based systems. The key
advantage is the extensive condensing of

Applications for the device extend to practi-
cally any area that uses microcontrollers or
microprocessors, from modems and vending
machines to disc controllers and high-end
processor systems.

glue logic, latches, ports, and discrete
memory elements into a single-device,
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Programmable Peripheral

Application Note 013
The PSD301 Streamlines a Microcontroller-based

Smart Transmitter Design

By Seyamak Keyghobad - Bailey Controls,
and Karen Spesard - WSI

Abstract A smart transmitter design is described PSD301, in effect, was responsible for
which takes advantage of the integration eliminating an extra 2.5 inch diameter
capabilities and flexibility of WSI's board in a system where real estate is at
PSD301 microcontroller peripheral. The a premium by reducing the number of
following discussion illustrates how the components from 12 down to 5.

Introduction Designers of systems using micro- modem, cellular phone, industrial/process
controllers and microprocessors often control, and automotive industries, find
face the problem of how to integrate this a critical problem.
peripheral logic and memory functions
into their designs without using many The PSD301 programmable peripheral
discrete chips and large areas of board device from WSI solves this problem by
space. For example, when external integrating all SRAM, EPROM, program-
EPROM and SRAMs are configured into mable decoding and configurable I/O port
systems with ROMless microcontrollers, functions needed in 8 or 16-bit micro-
general I/O ports are typically sacrificed controller designs into a single-chip
for address, data input/output, and control ~ user-configurable solution. This is
functions. When these 1/O ports are illustrated in the following industrial
depleted, the total chip count of the control application where the PSD301
system is increased by requiring the use eliminates seven chips and saves the
of additional external ports and steering designer from needing another board in
logic. Designers, who have limited board the system.
space, such as found in the disk drive,

The Design The smart transmitter, shown in Figure 1, The second board is the digital micro-

Application was developed by Bailey Controls, a cqntroller board and contains the 68HC11
manufacturer of process control microcontroller as well as the PSD301

instruments, to support a popular field
bus protocol. One of its functions in this
sensor application is to measure
pressure, differential pressure, and flow
rates through pipes in industrial
environments such as chemical plants, oil
refineries, or utility plants. A host system
monitors the transmitter via a process
control network.

The completed transmitter design
consists of three main boards. The first
board includes the power supply and
communications hardware to provide
power to the rest of the system and feed-
back to the process control network. It
consists of communications transformers
and line drivers/receivers.

programmable peripheral, a PLD, UART,
and LCD display. Its function is to
communicate and receive the inputs from
the third board, process the data, and
display the appropriate results to the LCD.

The third board or input board is mostly
analog. It receives inputs from string gauge
sensors which use a bridge circuit for
measuring pressure using a diaphragm.
The input board then converts the signals
so the microcontroller can read them.

;
Il
iy W

[
[
U
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Figure 1.
"Smart"
Transmitter from
Bailey Controls

A Pressure/Flow

Design
Considerations

The smart transmitter system is rather
small. Its case is only 2.5 inches in
diameter and thus requires boards that
fit this small form factor as shown in
Figure 2. Not surprisingly, the major
design consideration during development
was board space. This was especially
true for the microcontroller/digital board
where real estate is at a very high
premium.

One of the problems was that there were
already requirements for the 68HC11
microcontroller, a 256K EPROM, 16K
SRAM, a PLD, TTL logic, a UART, and
an LCD display on the digital board. This

meant extending the number of boards
used beyond one unless a way could be
found to integrate some of these
elements. '

Other important considerations, or goals
actually, for the design were to reduce
power consumption to less than 2.4W,
improve reliability, lower design costs,
and shorten the time-to-market.

To meet these objectives, Bailey Controls
looked to WSI’s user-configurable
peripheral, the PSD301, for its integration
capabilities, its flexibility, and its low
power of less than 35 mA active and

90 pA typical powerdown.

Figure 2.

The Bailey Smart
Transmitter Board
Using the WSI
PSD301.
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PSD301 The PSD301 is a field programmable device ~ The control signals and internal latches in
Architecture that has the ability to interface to virtually the PSD301 were designed so interfacing
any 8- or 16-bit microcontroller without the to any microcontroller would be easy and
need for external glue logic. This is possible require no glue logic. For instance, the
because the PSD301 combines the PSD301 can interface directly to all
elements necessary for a complete multiplexed (and non-multiplexed) 8- and
microcontroller peripheral solution, such as 16-bit microcontroller address/data buses
user-configurable logic, I/O ports, EPROM because it has two on-chip 8-bit address
and SRAM, all into one device. The latches. This means no external latches
functional block diagram of the PSD301 in are required to interface to multiplexed
Figure 3 shows its main sections: the buses. It also has programmable polarity
internal latches and control signals, the on the control inputs ALE/AS and RESET,
programmable address decoder (PAD), the so they can be configured to be active high
memory, and the /O ports. or active low.
Figure 3. Ao Al —
A11-A15
Psn3.a1 k A8-A10 ‘ ‘ CSIOPORT j ’LOGIC IN Z?('?,T
Architecture oo | ] o, ey poo-
< } H ALE/AS PAD A ALE/AS PAD B POCRT |
AD [
WR P WR PT CS8-
RESET et RESET 7 Ccst0
ALE/AS
1" EPROM
ES7 256K BIT
ADO-AD7 L
| A || ——
T
C
H
PROG
PORT
CcSo- EXP
o8 PBO-
16/8 > -
1 q D8-D15 " ?32&)?:'; > P%RT =
D — > <]
D8-D15
IS \
— Ll CSIOPORT
R q | — DO-D7 N
o o Y \
P R =
TRAck Mope | EXP
SELECTS g AO—
A0-A7 ».| PORT A7
'ADO-AD7/D0-D7 | A [
ALE/AS
¥ CONFIGURATION
D,
ZVTH/FW« FROG Mixor ON-MUX BUSSES
C MUX or NON-M
E—’ s SECURITY MODE
A19/CS|

1-57




PSD301-Application Note 013

PSD301
Architecture
(Cont.)

The other control signals, RDJE, and
WR/R/W, are also programmable as /RD
and /WR or E and R/W, enabling direct
interface to all Motorola- and Intel-type
controllers.

The programmable array decoder (PAD) is
an EPROM-based reprogrammable logic
“fuse "array with 11 dedicated inputs, up to
4 general-purpose inputs, and up to 24
outputs. The PAD is used to configure the 8
EPROM blocks on 2K word boundaries and
the SRAM on a 1K word boundary
anywhere within a 1 Meg address space. It
is also used to generate a base address for
mapping ports A and B, as well as to
provide mapping for the track mode. The
PAD, like a traditional PLD, can generate up
to eight sum-of-product outputs to extend
address decoding to external peripherals or
to implement logic replacement on a board.

Memory in the PSD301 is provided by
EPROM for program and table storage and
SRAM for scratch pad storage and
development and diagnostic testing. The
EPROM density is 256K bits and the SRAM
density is 16K bits. Both can be operated in
either word-wide or byte-wide fashion,
which translates to a 32K x 8 or 16K x 16
EPROM configuration and a 2K x 8 or 1K x
16 SRAM configuration. As described
above, the EPROM is divided into 8 blocks
(of 4K x 8 or 2K x 16), with each block
typically on a 2K boundary locatable within
a 1 Meg address space.

There are 3 ports on the PSD301 that are
highly flexible and programmable: Ports A,
B and C, illustrated in Figure 4. Port A is an

8-bit port that can be configured in a variety
of ways. For example, if the PSD301 is in
the multiplexed mode, port A can be
configured pin-by-pin to be an I/O or a lower
order latched address. Alternatively, port A
can be configured in the track mode to
transfer 8 bits of address and data inputs
through port A. This enables the micro-
controller to share external resources, such
as additional SRAM, with other controllers.
In either case, each port A output can be
configured to be CMOS or open drain. If the
PSD301 is in the non-multiplexed mode,
port A becomes the lower order data for the
chip.

Port B is another flexible 8-bit port. In the
multiplexed mode or 8-bit non-multiplexed
mode, each pin on port B can be
customized to function as an I/O or a
chip-select output. The chip-select signals
are determined by the PAD programming
and are used for general logic replacement
or to extend the address decoding to
external peripherals. Each pin in this mode
can also be programmed to have a CMOS
or an open drain output. In the 16-bit
non-multiplexed mode, port B becomes the
higher order data for the chip.

Port C is the third port which is available on
the PSD301. It is a 3-bit port that can be
programmed on a pin-by-pin basis to be
chip-select outputs and/or general-purpose
logic inputs or addresses to the PAD.

Some uses for port C might be to extend the
address range to 1 Meg, or to create finer
address decoding resolution down to 256.
Or, one might use port C to help create a
simple state machine.

Figure 4.
PSD301
Multiplexed
Address/Data
Configuration

PORT A < VG o 0 AT o 00 Am>
ALE » PORT B < 10 or €SO — CS7 >
PORT C <1s, A17, A8 or CS8, CS9, CS1>
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Simple One of the overwhelming advantages of the configuration bits discussed above. To
Interfaces PSD301 is its ability to interface to virtually illustrate how this works, two examples are
any microcontroller without any glue logic, provided.
to the PSD301. while providing additional I/O ports and
memory. This is accomplished by The first example is with the 80C196
configuring or programming the part to microcontroller. This 16-bit microcontroller
function in an operational mode geared for from Intel interfaces directly to the PSD301,
a specific application. providing it with additional off-chip program
store EPROM and data store SRAM, as
For instance, there are 45 configuration well as the flexibility that comes with three
bits on the PSD301 that have to be additional I/O ports. As illustrated in Figure
programmed in addition to the EPROM 5, the 80C196's 16-bit multiplexed address/
prior to usage. These configuration bits are data bus and control signals (RD,WR,
determined during development by the BHE, ALE, RESET) connect directly to the
designer using the WSI MAPLE software PSD301. This is achieved with the PSD301
package. After the configuration bits are in the following configuration:
determined, the EPROM code and
configuration data can be merged during O 16-bit data bus
compilation and the part subsequently U Multiplexed address/data
programmed. J RDand WR mode set
O Active HIGH ALE
Interfacing the PSD301 to different O Active LOW RESET
microcontrollers is accommodated by the O A16-A18 configured as output
4 Combined memory mode
Figure 5.
General = 80196 PSD301
Schematic H’
- 1 60 23
Diagram of ] " oo L5 ] e e
the 80C196 | vc. " renee o 3 e e
— P3.4/AD4 AD:«
and PSD301. NEADY Pa.5/ADS :45 2 AD;:; ::;
CDE P3.6/AD6 53 30 AD6/A6 PA6
-l_ BUSWIDTH P3 7/AD7 AD7/A7 PA7
RESET 52 31
GND P4.0/AD8 Lﬁ——T AD8/A8 PBO
ACHO/PO O P4.1/AD9 50 33 AD9/A9 PB1
ACH1/P0.1 P4 2/AD10 29 35 AD10/A10 PB2
ACH2/P0.2 P4 3/AD11 28 36 AD11/A11 PB3
ACH3/P0.3 P4 4/AD12 a7 37 AD12/A12 PB4
ACH4/P0.4 P4.5/AD13 26 38 AD13/A13 PBS
{ ACH5/P0.5 P4.6/AD14 AD14/A14 PB6
ACHE/P0.6 P4 7/AD15 |32 39 1 Apisiats PB7
ACH7/P0.7 _ o | —
___RD 2; > RD. A16/CS8
P2.0/TXD WRLWR [—2 T WR A17/CS9
P2 1/RXD WHE/BHE OGT—_‘E— BHE/PSEN
P2.2/EXINT ADV/ALE -53—ms1-———_3 :;gg'r A:’;?:.
P2.3/T2CLK ST -
P2.4/T2RST cukour |8
P2 5/PWM U2
P2.6/T2UP-DN P1.0
P2.7/T2CAPTURE P11
P1.2
HSLO P13
HSL1 P14 Vee
HSI.2/HSO.4 P15
HSI.3/HSO.5 P16
13 P1.7 R1
VREF HS0.0 10K
12 ANGND HSO.1
21 EA HSO.2
HSO0.3
Cc3
0)] I 0.01pF

GND
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Simple The other configuration options that are
available, but not listed above, are appli-

Interfaces cation dependent and can be changed to

to the PSD301  meet the requirements of the design. For

(00nt_ ) instance, on pin 43 (A19/CSI), the power-

down option CSI could be selected if
power consumption savings is important.
If it isn’t and another logic input to the
PAD would be helpful, A19 could be
selected. And, if open-drain drivers are
important on one of the ports to drive a
display, for example, they also could be
selected instead of CMOS drivers.

All other microcontrollers have simple
interfaces to the PSD301 as well. This
includes all the variations of micro-
controllers in the 8-bit 68HC11 family

from Motorola. For simplicity’s sake, the
PSD301 interface to 68HC11 versions
with multiplexed address/data buses will
be discussed, although the non-
multiplexed versions will interface to the
PSD301 in a similar manner, except in
this case port A will become dedicated for
8-bit data.

Figure 6 illustrates the interconnections
between the PSD301 and the 68HC11
microcontroller with multiplexed
address/data buses. Again, all the
address/data connections are direct, as
well as the control signals (E, RIW, AS,
and /RESET). Because BHE/PSEN is not
used, this PSD301 input signal is tied
HIGH.

.
Fly”r e 6. R2 1M
General Schematic J_ 1t 1
.
Diagram of the o1 otz c2
20pF 20pF
68HC11and
68HC11A8 PSD301
PSD301 aND w | o
- EXTAL XTAL f— 2
IRQ PCO/ADO | 54 ADO
40 PCUADT = 55| Aot
XIRQ PC2/AD2 32 2 1 a2
———— 20| RESET PCYAD3 |5z 57 AD3
s PC4/AD4 |2 26| AD4
+— PA0IC3 PCS/ADS | 29 ADs
| PAO.1 ) 5] PAtIC2 PCE/ADS [—o =] Ape
[PAO.2 ) PA2/IC1 PC7/AD7 AD7
PBOAS |12 g; AD8
PBUAY [ 35| AD®
PB2/A10 32| AD10
PEO/ANO PBI/ATT [—> 3| Apom
PE1/AN1 PB4/AT2 [—2 3| Ap12
PE2/AN2 PBS/A13 [—o 2| Ap1s
PE3/AN3 I 2| AD14
PB7/A15 AD15
POO/RXD 5 2
PO1/XD PA3OCSIOCT |—3—\ e
PD2/MISO PAYOCAOCT |5\ T AW
PD3/MOSI PAS/OC30CT |—5—\] 5| BHEPSEN
PO4/SCK PAGOC2/0CT |5 1 As
PDS/SS PA7/PIA/OC1 5| RESEL
P ®—— A19/CSI
mMoDB E |55
MODA/LIR STRBRW [— U3
STRA/AS
VAL g I
VRH A
L Vv < PA
cc /
u1 Vee GND PAO..
< PAO.! gy
v < PAOS
cc PAO;
MC34064 at ns
, 1K 1K
vDD
. 3
RESET [O *
21 ano
c3
1uF
U2
GND GND
4
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Simple The PSD301 must be programmed using Again, other parameters on the PSD301
Interfaces WSI's MAPLE software package in the can be set to fit additional design
following modes to achieve this requirements. These include the security
to the PSD301  configuration: bit, the port I/Os, and the PAD inputs and
a outputs.
(co"t ) U  8-bit data bus
4 Multiplexed address/data
U  R/W and E mode set
O Active HIGH AS (ALE)
0 Active LOW RESET
Q Combined memory mode
The "Smart" The microcomputer-based smart 68HC11 microcontroller, UART, and LCD
Transmitter transmitter design, by Bailey Controls, display. This is illustrated in Figure 7. Of
. requires program store 256K bits EPROM course, with board space on the digital
Design. for storing algorithms and data store 16K board being limited, another board would
bits SRAM for storing A/D, commu- have been needed to accommodate
nication and LCD routines. It also these components, unless they in some
requires two octal latches, a PLD, and a way could be integrated.
variety of glue logic to interface to its
Figure 7.
Detailed Block
P | |
Diagram of . | L] powen
Bailey Gontrol’s l | B
- |
Alternative ! |
Design Solution ! !
Without PSD301. ! ;
INTEGRATOR | | l |
& T I
COMPARATORS | | GLUE LOGIC I
: smarT | |
| XMITTER |«
| 7aHC08 __L
MULTIPLEXERS |
S—

SELECTORS

68HC11E1
MICRO-

ADDRESS/
| DATA
BUS

CONTROLLER

|
1
|
|
|
|
|
|
SENSOR voLTAGE | ! N

REGULATOR : HC373 |
I \ LINE
| ADD/DATA Pa | | DRIVERS
: fﬂéﬁ 2v10 | | RecEIvERS

!
| :
| :
| :
i ,
| '
POWER SUPPLY &
INPUT BOARD MICROCONTROLLER BOARD

COMMUNICATION BOARD

BLOCK DIAGRAM BLOCK DIAGRAM

BLOCK DIAGRAM
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The "Smart" This is where the PSD301 provides port A is configured as an I/O and mapped
: exceptional value. As discussed, the to the byte-wide LCD data inputs. Then to
Ir. an.smmer PSD301 already integrates EPROM,’ write to or read from the LCD display, port
Des:gn SRAM,? a PLD, and other glue logic all A is accessed like a memory-mapped
(Cont.) on one chip. It interfaces to the 68HC11 peripheral via an address offset from the
directly and actually integrates 8 chips base CSIOPORT defined in the PAD.
from the alternative design into one, Since port A is qualified by and handled
eliminating the need to add another board. through the PAD, there is no need for an
The resultant architecture is illustrated in external octal latch.
Figure 8.
Other TTL logic is not required to interface
Note that in the alternative design shown to the 68HC11’s control signals, memory,
in Figure 7, ports typically lost when or peripherals either. It is all integrated in
connecting the microcontroller to external the PSD301. Thus, a smaller PLD than
memory had to be recreated externally with originally thought required in the design
latches and buffers when memory was was used — a 16V8 instead of a
connected to the microcontroller. With the 22V10 — because the PAD was able to
PSD301, these ports are recreated inter- reduce the amount of logic by creating
nally, eliminating the latches and buffers. chip selects for the UART and other logic
functions.
For example, to interface the PSD301 to
the 24-character LCD display, each pin of
Figure 8.
Block Diagram of ' |
H L)
Bailey l.'ontrols_ ! , ! POWER
"Smart" Transmitter l ! 1 || v
Design with PSD301 : !
1 l
| |
! I
|
INTEGRATOR | ! PORT A DATA I
& ! PSD301 |e— :
COMPARATORS| | |
| W/32K EPROM LCD |
| > & PORTS !
| PAD & -
I PORT B i | communicarion
! | | TRANSFORMERS
|
MULTIPLEXERS | seecrons | — ADDRESS/ i
Al
— : MICRO- :
: CONTROLLER |
. l
| |
| |
: I
VOLTAGE K
SENSOR REGULATOR| | | LINE
| SMART | DRIVERS
I XMITTER i &
! UART I RECEIVERS
| - PAL16V8 :
! I
l
: POWER SUPPLY &
INPUT BOARD MICROCONTROLLER BOARD COMMUNICATION BOARD

BLOCK DIAGRAM
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PSD301
Bonuses

Besides considerably reducing board
space in this smart transmitter design by
reducing parts count, several other
benefits of the PSD301 were also seen.
These include reliability improvement,
power consumption savings, inventory
savings, faster time-to-market, and cost
savings.

Reliability was improved because there
are seven less chips required for
implementation that could fail in the
design. Also, by reducing chip count, 112
pins and about 100 traces were eliminated
and the number of layers on the board
were reduced from 8 to 4, making failures
due to open or shorted pins and traces
less likely to occur.

Power consumption was reduced because
much faster discrete EPROM and SRAM
devices with access times of ~75 ns would
have been required in conjunction with
glue logic for selecting different devices
instead of using the PSD301, saving at
least 20 mA Icc. (The access time for the
PSD301 memories include decoding and
input address latch delays). If the
power-down feature on the PSD301 were
also used, power savings could be
increased further. For example, in a
system which is accessing the PSD301
only a quarter of the time, the power
consumption could be reduced by 75% to
8 mA typical.

As an added benefit, the PSD301 helped
reduce inventory significantly by
obsoleting multiple chips. And, if last
minute changes in the design were
required, the PSD301 would be able to
accomodate them without additional
hardware modifications. So, purchasing
line item management is made simpler
and easier.

With the reprogrammable PSD301,
development time was kept to a minimum
by easily accommodating design iterations
in both hardware and software. Changes
in I/O, address mapping, bus interface,
and code were simple to make. Also,
debugging was made easier with the
PSD301’s on-chip SRAM for down-
loading test programs. This all helped to
shorten the design development cycle,
reduce development costs, and speed up
market introduction of the smart
transmitter.

By using the PSD301, cost savings were
realized by reducing system cost with
fewer boards (or reduced board space),
improving reliability, and reducing
inventory levels. Savings were also
attributable to lower manufacturing costs
because there were fewer parts to
program and place. And by getting to
market faster, profits were improved
significantly.

Summary

The PSD301 peripheral solved a funda-
mental problem often seen in that instead
of getting “locked into” an infiexible
multiple chip memory sub-system
solution, the PSD301 was able to provide

much higher integration and flexibility all
at the same time. Clearly, using the
PSD301 was the better choice for the
smart transmitter design.

Notes

1. If more EPROM was needed, the PSD302/312 w/512K bits EPROM and the
PSD303/313 w/1024K bits EPROM are available in the same pinout and packages
(please call your local WS sales representative for availability). Or, multiple PSD301s
can be cascaded together with the added benefit of increased functionality and I/O’s.

If more SRAM is needed, it can be added externally without requiring any additional

glue logic. See WSI Application Note 011. Note that many engineers have 8K x 8
SRAM in their systems now — not because they need it, but because 2K x 8 SRAMs

are not as readily available.
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Appendix 1.

PSD301

Configuration

WSi PSD301 Configuration Save File for Smart Transmitter Design
ALIASES
CcSO = ASICCS

D R R R R T
GLOBAL CONFIGURATION

Address/Data Mode: MX
Data Bus Size: 8
CSI/A19: CSI
Reset Polarity: Lo
ALE Polarity: HI
WRD/RWE : RWE
Al6-Al19 Transparent or Latched by ALE: T

Using different READ strobes for SRAM and EPROM: N

e T 2 2 T
PORT A CONFIGURATION (Address/IO)

Bit No. ai/Io. CMOS/OD.
0 10 CMOS
1 10 cMos
2 10 cMOS
3 10 cMOS
4 10 cMos
5 10 cMoS
6 10 cMOS
7 10 CMOS

khkkhkhhhhkhhdkhdkhkhdhdhkhkdhhrkhrhhrrrhhkkdkdkkhrrhkdhbhhkhkhhhbrhhkhkhh b krdhhhhkhhrn

PORT B CONFIGURATION

Bit No. cs/10. CMOS/oD.
0 cso CMOSs
1 csl CMOSs
2 cs2 CMOS
3 cs3 CMOS
4 Cs4 CMOS
5 Cs5 CMOs
6 Cs6 CMOS
7 Ccs7 CMOSs

CHIP SELECT EQUATIONS
/RASICCS = /Al5 * Al4 * /Al3 * /Al2 * E

/CS1 = /Al5 * Al4 * /A13 * Al2 * E

/CS2 = /Al5 * Al4 * Al3 * /Al2 * E

A*

/Cs3 = /al5 Al4 * Al3 * AlZ * E

/CS4 = /Al5 * /Al4 * /Al3 * /Al2 * /All * E
+ /Bl5 * /Al4 * /Al3 * JAl2 * /All * / R/W

/CS5 = /AlS * /Al14 * /A13 * JAl2 * All * E
+ /Al5 * /Al4 * /Al3 * /Al12 * All * / R/W

/CS6 = /Al5 * /Al14 * /A13 * Al2 * /All * E
+ /Al5 * /Al4 * /A13 * Al2 * /All * / R/W

/CS7 = /Al5 * /Al4 * /Al3 * Al2 * All * E
+ /A15 * /Al4 * /Al3 * Al12 * All * / R/W
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Appendix 1.
PSD301
Configuration.
(Cont.)

L T T T T )
PORT C CONFIGURATION

Bit No. CS/Ai.
css

Cs9

CHIP SELECT EQUATIONS

N O

/CS8 = /Al5 * /Al4 * Al13 * /A12 * /All * R/W
/CS9 = /Al5 * /Al4 * A13 * /Al2 * All * R/W
/CS10 = /Al15 * /Al14 * Al3 * Al2 * /All * R/W

R R R e e T
ADDRESS MAP

A A A A A A A A A SEGMT SEGMT EPROM EPROM File Name
19 18 17 16 15 14 13 12 11 STRT STOP START STOP

ESO N N N N1 0 O O N 8000 8FFF 8000 8fff BCN2.0
ESl N N NN 1 O O 1 N 9000 9FFF 9000 9fff BCN2.0
ES2 N N N N 1 0 1 0 N A000 AFFF a000 afff BCN2.0
ES3 N N N N 1 0 1 1 N BO0O BFFF b000 bfff BCN2.0
ES4 N N N N1 1 0 0 N c000 CFFF c000 cfff BCN2.0
ESS N N N N 1 1 0 1 N D000 DFFF dooo dfff BCN2.0
ES6 N N N N 1 1 1 O N EO00 EFFF €000 efff BCN2.0
ES7 N N N N 1 1 1 1 N FO00 FFFF £000 ffff BCN2.0
RSO N N NN O 1 1 O O 6000 67FF

CSP N N NN O O 1 1 0 3000 37FF

LA R AR R RS2 R R Rs 2] END KRIAKRKAKINRARRRARRN N KRR N NIk R Rk hhkkkkdr ok kkk

CDATA =0 CPAF1l [0] = O
CADDRDAT =1 CPAFl1 [1] = 0
CRRWR =1 CPAF1 (2] = 0
CA19/(/CSI) = 0 CPAF1 (3] = 0
CALE =0 CPAF1 (4] = O
CRESET =0 CPAF1 (5] = 0
COMB /SEP =0 CPAF1 (6] = 0
CADDHLT =0 CPAFl (7] = O
CPAF2 =0
CPACOD (0] = O CPBCOD (0] = O
CPACOD [1] = O CPBCOD (1] = O
CPACOD (2] =0 CPBCOD (2] =0
CPACOD [3] = 0 CPBCOD [3] = O
CPACOD (4] = 0 CPBCOD (4) = O
CPACOD (5] = 0 CPBCOD (5] = O
CPACOD (6] = O CPBCOD (6] = O
CPACOD (7] = O CPBCOD (7] = O
CPBF [0] = O CPCF (0] = 1
CPBF [1] = O CPCF [1] = 1
CPBF [2] = O CPCF (2] = 1
CPBF (3] = O
CPBF (4] = 0
CPBF (5] = 0
CPBF [6) = 0
CPBF (7] = O

711
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Programmable Peripheral

Application Note 014
Using the PSD3XX PAD for System Logic

Replacement
By Jeff Miller
Introduction In 1990, WSI introduced the Programmable on-chip decoder, it would be capable of
System Device (PSD): the first device in adding significant value to the system into
the world integrating UVEPROM, SRAM which it were designed. However, the
and programmable logic on a single chip of PSD3XX family is much more than just a
silicon. The highly-successful PSD301 was combination of memory devices. The on-
the first device in the PSD family and is chip PLD may be used for many useful
currently used in applications ranging from purposes in addition to providing the
fluid analyzers to high performance address decode capability. The purpose of
computers. The PSD device, by combining this note is to demonstrate, in detail, the full
most of the peripheral functionalty required capability of the PAD section of the
by a typical microcontroller unit into one PSD3XX family. A basic, though not exten-
package, has enabled designers to greatly sive, knowledge of the PSD 3XX family and
reduce part count, power and board space the Maple programming software is
which has translated into significant cost assumed by this note. Please consult
savings. Application Note 011 and/or the appropriate
. . . PSD3XX family data sheet for this general
Even if the PSD3XX family were simply a knowledge.
collection of EPROM and SRAM with an
PAD The Programmable Array Decoder (PAD) low power mode when the system requires
Architectue contained in the PSD3XX family is a stan- it. When configured as CSI, the A19 pin

dard PLD array designed to provide all of
the internal memory and 1/O device chip
selects as well as an external logic replace-
ment capability. It has 14 inputs, 24 outputs
and 40 product terms with which to perform
these functions. See Figure 1 for an
illustration of the PAD.

The PAD’s 14 inputs are as follows:

1 A11-A19
O ALEorAS
d RDorE __
Jd WRor RIW

The A11 — A19 pins are labeled as address
inputs, however, they do not have to be.
A11 - A15 are generally sourced by the
microcontroller or microprocessor that is
connected to the PSD device. If the
controller generates more than 16 bits of
address, the A16 — A19 inputs may be
used to connect the high order address bits
for a full 1 MByte of address space. |f the
controller does not require this much
address space, A16 — A19 may be used for
other purposes, like general I/O or logic
inputs.

A19 is multiplexed with the CSi signal,
which is used to place the PSD device in a

may not be used for any other purpose
except the power down mode. In this
mode, the CSlI signal is used by the PAD
only to disable it, causing it to expend less
power. When configured as A19, this signal
may be used as a general purpose input to
the PAD from the external system. This
capability will be described in more detail
later in this note. A16 — A18, when not
necessary for address expansion, may also
be used as general purpose inputs to the
PAD. Thus, a total of four of the 14 PAD
inputs may be general purpose, allowing
the replacement of external logic by the
PSD device. These inputs may be
combined with the other PAD inputs to form
complex equations involving addresses,
strobes and external signals.

When attempting to visualize the full capa-
bility of the PAD outputs, it is most clear
when it is broken into two sections, labeled
in Figure 1 as PAD A and PAD B. PAD A'is
responsible for providing all of the internal
chip selects for the EPROM, SRAM and /O
ports and the track mode control signals,
and PAD B is responsible for the external
logic replacement function.
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Figure
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PAD A

Thirteen of the 24 PAD outputs and thirteen
of the 40 product terms are dedicated to
PAD A. PAD A should be considered the
internal address decoder, used to select
the various on-chip memories and 1/O
devices according to the memory map
programmed by the user. Each output has
a single product term, allowing a particular
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resource to be allocated a single
contiguous range of addresses which will
be used to access it. All of the PAD inputs
are available for generation of the PAD A
outputs, allowing the designer to select
internal resources using any combination of
address, strobe and external signals.
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PAD A
(Cont.)

The PAD A outputs are as follows:

ES0-ES7
RSO
CSIOPORT
CSADIN
CSADOUTH
CSADOUT2

codood

ESO0 — ES7 are used to select the internal
EPROM resources. Using the PSD301 as
an example, there are eight select lines
with which to access 32 KBytes of EPROM.
Thus, each select line can enable a block
of 4 KBytes of EPROM configured as

4K x 8 or 2K x 16. Each block must be
contiguous, but the blocks may be placed
anywhere within the address space of the
microcontroller.

RSO0 is used to select the SRAM resource.
This single signal accesses a single 2
KByte block of SRAM which may be
configured as 2K-x 8 or 1K x 16. Again, this
block must be contiguous but may be
placed anywhere in the address map.

CSIOPORT is the signal which defines the
base address of the on-chip I/O ports and
control registers. The 1/O ports and control
registers occupy a 2K block of addresses
which, like the memories, must be
contiguous but may be located anywhere in
the address space of the microcontroller.
Once configured in the address map,
CSIOPORT defines the base address of
these ports and registers. An offset is
added to the base address to individually
access the registers. Table 1 below lists the
offset values for these registers.

CSADIN, CSADOUT1 and CSADOUT2 are
used to control the Track Mode operation.
The Track Mode is an available option for
Port A to allow it to “track” the
Address/Data bus inputs to the PSD device
from the microcontroller. This provides the
capability to connect the PSD device, and
therefore the microcontroller, to one or
more shared resources. These resources
may be memory or other devices which
must be accessed by more than one micro-
processor or microcontroller.

CSADIN is generated when the microcon-
troller is attempting to read data from Port
A in the track mode. It is generated from
one product term involving the address
inputs and the RD strobe (Intel mode) or
R/W and E (Motorola mode). This allows
the user to configure the address range in
which the data is to be read from Port A.
CSADOUT1 is generated when the micro-
processor is accessing a “tracked” address.
It is generated from a single product term
involving the address inputs and ALE.
When the address generated by the micro-
controller is within the block specified by
the user for track mode, and the ALE is
active, CSADOUT1 becomes active, trans-
ferring the address and outputting it from
Port A. CSADOUT?2 is generated when the
microcontroller is performing a write opera-
tion to a tracked address. It also has one
product term involving the address inputs
and WR (Intel mode) or R/W and E
(Motorola mode). When the microcontroller
performs a write to the appropriate
address, CSADOUT?2 is generated, trans-
ferring the data and outputting it from Port
A. For further details on the operation of
the Track Mode, please consult Application
Note 017.

Table 1.
1/0 Port
Offset
Addresses

Byte Size Access of the I/0 Port Registers

Register Name Offset from the CSIOPORT
Pin Register of Port A + 2 (accessible during read operation only)
Direction Register of Port A +4
Data Register of Port A +6
Pin Register of Port B + 3 (accessible during read operation only)
Direction Register of Port B +5
Data Register of Port B +7
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Example:
Address
Mapping
With PAD A

In this example, we will choose a sample
address map which is similar to those used
in typical microcontroller applications. This
example assumes the use of a PSD301
device with 256 Kbits of EPROM and 16
Kbits of SRAM. Figure 2 below illustrates
our sample address map.

In this example, we have located the boot
code and interrupt service routines begin-
ning at address 0000 in EPROM block 0.
The SRAM is located in the 2K block begin-
ning at address 0x1000 and can be used
for the stack and/or other scratchpad data.
The /0 ports occupy the 2K block begin-
ning at address 0x1800. Addresses in this
range will access ports A and B and their
control registers. The area from 0x2000 to
Ox8FFF is unused in this example, though
it could be used for external resources as
will be shown later. Finally, the main
program resides in the 28K block of
EPROM located from address 0x9000 to
OxFFFF and is selected by ES1 — ES7.

Configuring this memory map would
normally require designing a decoder to
generate the appropriate chip selects for
each given address range. For example,
assuming that a microcontroller with a 16-
bit address bus is used, the chip select for
EPROM bank 0 (ES0) would be generated
with the following equation:

ESO =/A12+/A13 < /A14 + /A15

Equations like this one would be formulated
for each of the chip selects, and the entire
function would probably be placed in some
kind of programmable device. When the
PSD device is used, PAD A replaces this
programmable device. Programming PAD
A to perform this function is a simple task
using WSI's Maple software.

Entering the ADDRESS MAP menu in the
Maple software running on a PC compati-
ble computer, the user will see a screen
similar to the one shown in Figure 3.

Figure 2.
Example
Memory Map

FFFF
MAIN
PROGRAM
9000
8FFF 7
NOT USED
1)
1FFF
/O PORTS
1800
17FF
SRAM
1000
OFFF BOOT CODE &
. INTERRUPT SERVICE
0000

ES7 — 60 - 64K
ES6 — 56 - 60K
ES5 — 52 - 56K
+ USING ES4 — 48 - 52K
ES3 — 44 - 48K
ES2 — 40 - 44K
ES1 — 36 - 40K

1 USING CSIOPORT — 6 - 8K

USING RSO — 4 - 6K

[ USING ES0O — 0 - 4K
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Example:
Address
Mapping With
Pad A (Cont.)

Upon displaying this screen, the Maple
software is ready for the user to enter the
memory map data. This is performed quite
simply by moving the cursor to the appro-
priate point with the arrow keys, and then
entering the appropriate data. The address
mapping may be entered in either of two
ways. First, the user may select each
address bit individually for each chip select
and enter a 0 or 1 as appropriate for the
equation desired. In our example, for ESO
we would enter a 0 in the columns for A12,
A13, A14 and A15. The other bits are don’t
cares. In the other method of programming
the pad, the user simply moves the cursor
to the SEGMT START column and enters
the desired starting address for the block.
Again, using our sample memory map, the
user would move to the SEGMT START
column for ESO and enter 0000. Maple

then automatically programs the 0’s and 1’s
into the address bits correctly to program a
4K block of EPROM beginning at address
0x0000. Note that all EPROM blocks must
begin on 4K boundaries. Figure 3 shows
the resulting address map table for our
example.

The address inputs which were unused in
this example (A16, A17, A18 and A19)
could have been used as general purpose
inputs to the PAD for specialized control of
the on-chip memory and I/O resources.
When this is done, the designer has
complete flexibility as to the configuration
of the PSD device resources and may
easily absorb many system functions into
the PSD device. More detail about the use
of A16 — A19 will be provided later in

this note.

PAD B

Eleven of the PAD outputs and 27 of the
product terms are dedicated to PAD B.
Where PAD A was used to control the on-
chip PSD device resources, PAD B controls
any off-chip resources required by the
system. As with PAD A, all inputs to the
PAD are available to PAD B, allowing the
system designer to formulate outputs
involving any combination of address,
strobes and external signals. Unlike PAD A,
several of the outputs of PAD B have up to
four product terms each.

The outputs of PAD B are as follows:

d CS0-7 (Port B)
[ CS8-10 (Port C)

The outputs from PAD B are brought to the
outside world through Port B and Port C.
These outputs are called chip selects,
though they may be used for any function
whatsoever. The port pins are configured
as selected by the user when the device is
programmed with the Maple output file.
There are many configuration options for
each port pin.

Figure 3.
Maple Address
Map Entry

ADDRESS MAP
A A A A A A A A A SEGMT SEGMT FILE  FILE [ F NAME
19 18 17 16 15 14 13 12 11 START  STOP START STOP
ESO X X X X 0 0 0O 0 N 0000  OFFF
EST X X X X 0 0 0 1 N 9000 9FFF
ES2 X X X X 1 0 1 0 N A000  AFFF
ES3 X X X X 1 0 1 1 N BO0O  BFFF
ES4 X X X X 1 1 0 0 N CO00  CFFF
ES5S X X X X 1 1 0 1 N D000  DFFF
ES6 X X X X 1 1 1 0 N EO000  EFFF
ES7 X X X X 1 1 1 1 N F000  FFFF
RSO X X X X 0 0 0 1 0 1000 17FF
CSP X X X X 0 0 0 1 1 1800 1FFF
ALIASES:

Fill in A1§— A11 (Binary) or SEGMT START (Hex): and FILE (START, STOP)
and FILE NAME, Use SPACEBAR to erase any field value.

F1 — Return to Main Menu

Cursor—UP:4 Down:} Left Col:<«= Right Col: =

F2 — Temporary Exit to DOS  F3 - Go to Help

Right—F4 Left—F5

1-71



PSD3XX - Application Note 014

PAD B If you require more information about port This sample port configuration demon-
(c‘mt' } configuration, please consult application strates all of the possible uses of a particu-
note 011. If the port outputs are lar port pin. Though only Ports B and C
configured as chip selects (outputs from may be inputs or outputs to/from the PAD,
the PAD), they may not be used for any Port A is included in the table for complete-
other purpose. For example, the three Port ness. In this example, five of the port pins
C signals may be configured as chip are configured as PAD outputs (CS) and
selects (outputs) or addresses (inputs) but two are configured as PAD inputs (A). The
cannot be both. Fortunately, the flexibility of remaining port pins in this example are
the PSD device and the Maple software configured as either I/O or address outputs.
allows the designer to configure each Port Several of the CS outputs have been
B and C pin individually, so that the number configured as open drain. This allows them
of outputs and inputs may be optimized for to be connected together in a wired OR
a particular design requirement. See Table configuration to increase the number of
2 below for an example of this flexibility. product terms even further if desired.
;a"’e 2 ot Pin Configuration CMOS/0D
G:':;; f”_ a‘;'. on PAO ' Address Out CMOS
g PA1 Address Out CMOS
PA2 Address Out CMOS
PA3 Address Out CMOS
PA4 110 CMOS
PA5 /1O oD
PA6 /0 oD
PA7 1o} CMOS
PBO €S0 CMOS
PB1 CS1 CMOS
PB2 Cs2 oD
PB3 CS3 oD
PB4 /0 CMOS
PB5 l[e} CMOS
PB6 10 CMOS
PB7 /0 CMOS
PCO A16 _
PC1 A17 —
PC2 CS10 oD
Example: Assume that it is necessary to generate the data entry, each one corresponding to one
Generating a following equation given the port configura-  of the available product terms for CS0.
l.ogic Equatian tipn in Table 2 above. This equation is a Implementing this equation required using
With PAD B simple OR of three product terms. three of the four available product terms.

CSO=A15°A14+/A13+/A17 * RD
+/A15 ¢ A14* A12 ¢« WR + A16

Figure 4 illustrates the Maple programming
sequence to generate this equation.

To program this equation, the PORT B
menu is entered from the Maple software.
CSO0 is selected by moving the cursor to it
using the arrow keys. With CSO0 selected,
the user then presses the F3 key to bring
up the CHIP SELECT DEFINITION table
for CSO0. The table contains four rows for
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The fourth is left blank and will not be used
to generate the output.

To enter the equation into the table, simply
move the cursor around into the appropri-
ate position and enter a 1 if the corre-
sponding signal should be high for the
equation to be true, 0 if it should be low,
and X or SPACE if the signal is a don't
care. The first term of the equation requires
alow on A17, a high on A15, a high on
A14, alow on A13 and a high on RD for the
term to become active. Thus, 1's are
placed in the A15, A14 and RD positions,

Lir
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Example: and O’s are placed in the A17 and A13 Four product terms are available on each
Ge"eraﬁng a positions. The remaining terms in the of the CS0 — CS3 outputs, two terms are
Lagic Equatian equation are entered in the same way. available on the CS4 — CS7 outputs and
With PAD B Note that A17 and A16 in this example one term is available on CS8 — CS10.
1 (as well as A19 and A18) need not be When planning the use of the PAD outputs,
(c‘mt-) address bits, but may instead be used to it is important to consider this so that the
bring external signals into the PAD. most efficient use of the product terms can
be achieved.
Figure 4. ORT B
Programming P
PAD Outputs
P PIN | CS/N/O | CMOS/OD CHIP SELECT DEFINITION CS0
PBO | CSO CMOS
::; g:; gxgz A19 | A18| A17| A16] A15|A14|A13 | A12| A11|ALE| RD|WR
1 X
PB3 | CS3 CMOS z i 0 i ! ) 0 )1( i X )1( )1(
PB4 | Cs4 | oMos 0
pe5 | css CMOS X X | X 1 X| XX X{ X | X X| X
PB6 | CS6 CMOS
PB7 | CS7 CMOS
ALIASES:
CS definition is the NOR of the product terms (rows). Enter 1 to select Active High signal,
0 to select Active Low signal, X to mean "don't care", SPACEBAR to erase. Enter values
in columns relevant to your application; other blank columns will be treated as
"don't cares".
F1 - Retun to PORT B Cursor—Up:4 Down:] Left «= Right: =
Application The following section will illustrate the use write). The E signal is the clock used
Examp[gs of the PAD for system logic replacement in to strobe the data in or out of the

some common microcontroller applications.

Basic Chip Select Generation

One of the simplest uses of PAD B is
the generation of chip selects for off-chip
resources such as /O devices or
memories. Figure 5 below depicts the
connection between a 68HC11
microcontroller, the PSD301 and two
common peripheral devices: the 8250
UART and the 8254 counter/timer.

The 68HC11 is an 8-bit microcontroller with
a 16-bit address bus. The lower 8 bits of
address are multiplexed with the data bus
while the upper 8 bits are transmitted on
their own bus. An address strobe (AS) is
provided to latch the address off of the
multiplexed bus. A R/W signal indicates
whether the current bus transaction is a
read or a write (RW =1 =read, RW =0 =

microcontroller. The PSD301 can be
configured to exactly match this signal
definition and then connected as shown in
the diagram. Not all of the 68HC11 or
PSD301 signals are shown, only those
relevant to this example of PAD capability.

The 8250 is a UART device commonly
used in microcontroller systems to provide
a serial data communication port. It has a
simple bus interface, yet does not directly
connect with the 68HC11 bus architecture.
It requires an 8-bit bus to transfer data to
and from the microcontroller and a
separate 3-bit address bus used to access
its internal registers. It also requires a chip
select and separate read and write strobes
(RD and WR). The chip select is generated
by decoding the address from the micro-
controller. The RD and WR signals may be
generated from the R/W and E signals

1
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Figure 5.
A Typical 68HC11 PSD301 INS8250
Microcontroller
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E E PCO DO
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—{Ds
D5
/—/ D6
T
J— V'Y
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Application according to the following equations: which, like the 8250, is a peripheral used in
Examples many microcontroller applications. Its bus
P _
/RD = /(R/W « E) connection is very similar to the 8250,
(Cont.)

/WR = /(/R/W  E)

These equations may be easily generated
using PAD B and sent out through two of
the chip select outputs. We have chosen
CS5 and CS6, which come out on PB5 and
PBS, for this example.

In order to provide the address lines to the
8250, we have configured Port A to output
the latched address. This eliminates the
need for any external latches to demultiplex
the address/data bus from the microcon-
troller. Though all eight of the Port A pins
have been configured as address outputs
in this example, it is possible to configure
only those address bits required for the
application, A0 — A2 in this example, and
configure the remaining Port A pins as
general I/0O.

The 8254 is a programmable interval timer

allowing it to use the same read and write
strobes (RD and WR) and address lines. It
also requires a chip select which is
decoded from the microcontroller address.

The chip selects for both of the peripheral
devices may be easily decoded from the
address inputs to PAD B. Normally, the
addresses which are inputs to the PAD
(A11 — A19) would give decoding resolution
down to 2K. This means that each of the
two peripheral devices that require chip
selects would be allocated an address
range of at least 2K. Since these devices
do not require this much space and the
68HC11 has only a 16-bit address bus, it is
possible to use the high order address
inputs of the PSD device to improve the
decoding resolution. To achieve this goal,
we have configured Port C as address
inputs A16 — A18, but have connected
them to A8 — A10 from the microcontroller.
This means that the PAD will now have
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access to A8 — A15 for decoding, thus
providing a resolution of 256 instead of 2K.
This could actually be further reduced to a
resolution of 128 if we were to configure
the A19/CSl input to be A19, and then
connect it to A7 from the microcontroiler. In
this example, we have not done this so that
CSl is still available to place the PSD301
into low power mode if required.

We now have to define the addresses of
each of the peripherals so that the chip
select equations may be defined. We will
start from the memory map provided earlier
in Figure 2. This map allocated all of the
internal resources of the PSD device. The
external peripherals may be easily added
to the unused area between addresses
0x2000 and Ox8FFF. Figure 7 depicts the
new map with the external devices added.
Notice that the internal resources can keep

their original address mapping even though
the additional address inputs (A8 — A10)
have been added. This is because these
inputs may be don't cares in the decoding
for the internal resources even when they
are being used for the external resources.

Now, to wrap up this simple design, we
must enter the configuration and mapping
information into Maple. The configuration of
the PSD device must be consistent with the
operation of the 68HC11 microcontroller.
The address/data mode must be multi-
plexed, the data bus must be 8 bits wide,
CSI/A19 may be configured either way, the
reset polarity should be active low, the ALE
polarity is active high, the read and write
lines must be RW and E, A19 — A16
should be latched so that these bits
become available just like the rest of the
address bus, and the read strobes for the

Figure 6.
Memory Map
With Peripherals

FFFF
MAIN
PROGRAM
8000
7FFF
PERIPHERAL # 3
7000 1Wws
6FFF
PERIPHERAL # 2
6 WS
6000
5FFF
PERIPHERAL # 1
5000 3 WS
4FFF
/O PORTS
4800
47FF
SRAM
4000
3FFF 80C196KB
INTERNAL RESOURCE
0000

ES?7 — 60 - 64K
ES6 — 56 - 60K

ES5 — 52 - 56K

| USING ES4 — 48 - 52K
ES3 — 44 - 48K

ES2 — 40 - 44K

ES1 — 36 - 40K

{ ESO — 32 - 36K
- USING CS7 — 28 - 32K
| USING CS6 — 24 - 28K
USING CS5 — 20 - 24K

USING CSIOPORT — 18 - 20K

USING RS0 — 16 - 18K
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SRAM and EPROM will be the same. This
configuration should be entered from the
configuration menu of the Maple software.

The address map programming for this
example will remain the same as the one
used earlier in Figure 3. The only items
remaining are the programming of the ports
and the generation of the equations for the
chip selects and read/write strobes. First
we must configure Port A to provide the
latched address to the peripherals. This is
accomplished by entering the PORT A
menu in the Maple software. Maple will
then ask you if you would like Port A
configured for address I/10 or the Track
Mode. For this example, we will use the
address/I/O configuration. Next, Port A
must be configured pin for pin as an
address output. This is easily performed by
using the cursor keys to select the appro-
priate pin and pressing the SPACE BAR to
change the configuration. It is also possible
to configure each pin as an open drain or
CMOS output, but for address outputs, it is
better to make them CMOS.

Now, PORT C must be configured to
provide the three additional address inputs.
This is performed by entering the PORT C
menu in Maple and selecting the appropri-
ate pin with the cursor. Each pin should be
configured as an address bit (Ai). Maple will
call the pins A16 — A18 even though we will
be using them as A8 — A10.

Lastly, we must configure the Port B
outputs to become the chip selects and
read/write strobes. First, the PORT B menu
must be entered. Now, we must configure
each pin as an I/O or CS output.

PB0 — PB3 may be configured as general
purpose I/O pins. PB4 — PB7 must be
configured as chip selects. Once config-
ured as chip selects, the equations for each
output may be entered by following the
Mapile instructions. The procedure is the
same as the one used in the earlier chip
select example. Our equations, including
the ones developed earlier for the read and
write strobes, are defined for each output
as follows:

PB5 = /CS5 = /RD = /(R/W * E)
PB6 = /CS6 = /WR = /(/R/W *E)

PB4 = /CS4 =/8250CS = /(/A15 ¢ /A14 ®
A13¢/A12¢/A11 */A18 * /A17 * /A16)

PB7 = /CS7 = /8254CS = /(/A15 ® /A14
A13®/A12°/A11 ¢ /A18 * /A17 ® A16)

This completes the design integrating these
four components with no additional logic
whatsoever. There is also additional space
in the PAD for more functions if necessary,
s0 we have not yet reached the limit of the
integration possibilities with the PSD301.

Wait State
Generation

Often, when using some of the newer high-
performance microcontrollers with slower
external peripherals, it is not possible to
complete a read or write cycle to the
peripheral in the time allowed by the micro-
controller’s minimum bus cycle. In this
case, one or more wait states must be
added to slow the controller down to the
speed of the peripheral. One way of doing
this is to fix a number of wait states for all
bus cycles to allow the slowest device
enough time for its access. Some
controllers even provide the capability to do
this internally through the programming of a
register. This works, of course, but can
severely impact the performance of the
system. There is no need to penalize the
performance of the entire system, which
can include zero wait state memory
devices and other peripherals, simply
because one or more of the external

devices requires some number of wait
states. It is possible, with minimal logic, to
create a completely programmable auto-
matic wait state generator using the
PSD301 which will allow the fast resources
to operate at zero wait states and still
provide from one to eight wait states for the
slower resources.

For this example, we will use an Intel
80C196KB microcontroller running at 12
MHz. This controller has the capability to
operate in a 16-bit data mode, providing
the opportunity to further increase perfor-
mance if the system can also operate in
this mode. The PSD301 does have the
capability of operating in the 16-bit mode,
making it a good match for the 80C196. We
will assume that the 80C196 must be inter-
faced to several slow 8-bit peripherals
requiring from one to eight wait states. With
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the PSD301, we can provide the correct
number of wait states for each peripheral
with the added capability of dynamically
sizing the bus to the appropriate width for
the current access.

The memory map we will use for this
design is depicted in Figure 6. The internal
resources of some 80C196 derivatives
occupy most of the address space from
0x0000 to 0x3FFF, though some have less
resources. Therefore, we have constructed
the memory map to place the PSD device
resources above address 0x4000. The
PSD301 SRAM and I/O devices occupy
from address 0x4000 to Ox4FFF. This
leaves the area from 0x5000 to Ox7FFF for
external peripherals while leaving 0x8000
to OxFFFF for the EPROM banks. We
assume that we must connect three exter-
nal peripherals to the PSD device using
this address space, one requiring one wait
state, one requiring three and one requiring
six. This memory map is entered into the
part similarly to the previous examples.

To achieve the variable number of wait
states, the ideal solution is to decode the
address to determine the number of wait
states required for a particular address
range, and then to use a counter to count
the appropriate number. By using the PAD
to initialize an external counter, a variable
wait state counter can be created in this
manner. This wait state generator requires
only one external device, a 74FCT191
counter. The circuit used to implement this
function is illustrated in Figure 8. The
80C196KB is directly connected to the PSD
device which in turn provides the three chip
select signals for the external peripherals
(PER1CS, PER2CS and PER3CS) as well
as the wait state generator function and the
dynamic bus sizing. Ports B and C are fully
utilized to provide the logic inputs and
outputs required to implement these func-
tions, while Port A is still available for
general I/O or address use.

This circuit uses PAD B to decode the
addresses driven by the microcontroller

Figure 7.
Memory

Map

FFFF
MAIN
PROGRAM
9000
8FFF
NOT USED
2200 g
21FF
8254
INTERVAL TIMER
2100
20FF
8250
2000 UART
1FFF
/O PORTS
1800
17FF
SRAM
1000
OFFF BOOT CODE &
INTERRUPT SERVICE
0000

ES7 — 60 - 64K
ES6 — 56 - 60K
ES5 — 52 - 56K

 USING ES4 — 48 - 52K
ES3 — 44 - 48K
ES2 — 40 - 44K
ES1 — 36 - 40K

USING CS7 — 825 - 85K

USING CS4 — 8- 825K

USING CSIOPORT — 6 - 8K

USING RSO0 — 4 - 6K

USING ESO — 0-4K
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and provide four outputs, based on these
addresses, which are used to initialize the
74FCT191 counter with its initial value. The
counter is initialized using ALE to latch
these four PAD outputs. The load signal for
the counter is active low, however, while
ALE is active high, so ALE is inverted using
PAD B and sent out through Port C.
Though the 80C196KB can be configured
to provide an active-low address strobe,
ADV, the timing of the signal is inappropri-
ate for use as the LOAD input to the
counter. Once the counter is initialized, it
counts up from the initial value until the
most significant bit increments from 0 to 1.
The output of the most significant counter
bit is routed to the READY input of the
microcontroller. Thus, the controller will be
held in wait states until the most significant
counter bit is incremented. This output is
also routed to the CTEN signal of the
counter so that counting will cease once
the READY signal has been issued to the
controller. The clock for the counter is an
inverted version of the CLKOUT signal
from the controller. This clock must be
inverted since the 80C196KB uses the
falling edge of the clock to sample the

READY input. PAD B again provides the
inversion function by routing CLKOUT
into one of the Port C pins, inverting it
and routing it back out through another
Port C pin.

The counter provides from zero to eight
wait states depending on the initialized
value. For zero wait states, the most signifi-
cant counter bit is initialized to a “1”, which
provides the READY signal to the controller
immediately and disables the counter from
incrementing. If one wait state is desired,
the counter is loaded with the value 7 (0111
binary) so that after it increments once, the
most significant bit switches to a “1” and
provides the READY to the controller.
When two wait states are required, a 6
(0110 binary) 1s loaded into the counter,
and so on for the rest of the wait state
values.

To properly size the bus to the appropriate
width, PAD B is again used to decode the
addresses of the 8-bit devices. When the
address of an 8-bit device is encountered,
the BUSWIDTH signal is driven to
configure the 80C196KB address to eight

Figure 8.
Wait State
Generation
Circuit
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bits. For all other addresses, the width is
set for 16 bits. The BUSWIDTH signal is
output from one of the Port B pins.

The PSD device must now be configured to
provide the functions required by the
example circuit. The configuration of the
PSD must first be programmed to function
with the 80C196KB. This is easily
performed by the Maple software as in the
previous example. The address/data mode
should be multiplexed, the data bus width
should be 16 bits, CSI/A19 may be
configured as required for the application,
the reset polarity should be active low, the
ALE polarity should be active high, sepa-
rate RD and WR strobes should be used
and A19 — A16 should be transparent, not
latched, since they are used as logic inputs
to the PAD.

Next, we must program the functionality of
Port C. For this example, PC0 and PC1 are
used as outputs from the PAD to provide
the LOAD and CLK signals for the ‘191
counter. This is performed by entering the
PORT C menu in Maple and configuring
PCO0 and PC1 as CS8 and CS9, respec-
tively. PC2 is used to input the CLKOUT
signal from the microcontroller to the PAD
so that it may be inverted. Therefore, it
must be configured as address input A18.
Now, the equations used to generate the
PCO0 and PC1 outputs must be entered into
the PAD. PCO is the LOAD signal which is
just the ALE input inverted. PC1 is an
inverted version of A18, which contains the

CLKOUT signal. These equations are listed
below:

PCO =/LOAD =/ALE
PC1 =/CLKOUT =/A18

The equations are programmed by entering
the CHIP SELECT DEFINITION menu for
each of the two chip selects, as in the
previous example, and entering the appro-
priate 1’s, 0’s and DON'T CARES. In the
case of PCO, there are don’t cares in all of
the PAD inputs except ALE, where there is
a 0. Similarly, for PC1, the A18 inputis a 0
while the rest of the PAD inputs are don’t
cares.

Port A is usually configured next, and in
this example it is free to be configured in
any mode necessary for the application. It
may become either I/O or address outputs,
or may be set in the Track Mode as
described earlier.

We are now ready to configure Port B. This
example requires that all of the Port B pins
be used as chip selects (logic outputs) from
PAD B. PBO — PB3 are used to initialize the
counter with the correct number of wait
states for each device. These outputs are
defined according to the address ranges for
each of the peripherals and the number of
wait states required for each. Table 3
summarizes the outputs required for each
peripheral so that we may define the
correct equations for the outputs.

Table 3.
Wait State
Summary

Peripheral No. Address Range No. Wait States  PBO-PB3
1 0x5000-5FFF 3 1010
2 0x6000-6FFF 6 0100
3 0x7000-7FFF 1 1110
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This table can be easily used to form the
necessary equations for PBO — PB3. PB3
can be considered the enable for the wait
state generator which is active low only in
the address ranges of the three peripher-
als. It must remain high for all other
address ranges. The other three outputs
simply encode the proper number of wait
states. The resulting equations are listed
below:

PBO = /QA = /(A15 * A14 + A13 * /A12)
PB1 =/QB = /(A15 * A14 * /A13 * A12)
PB2 = /QC = /(A15 * A14 + A13 + /A12)

PB3 =/QD = /(A15 * A14 + /A13 * A12 +
/A15 * A4+ A3+ /A12 + /A15  Al4
A13 + A12)

PB4 — PB6 are used as chip selects for
each of the three peripherals and are
simply decoded from the address inputs by
PAD B corresponding to the address
ranges listed in Table 2. These equations
are listed below:

PB4 = /PER1CS = /(A15 * A14 +
/A13 * A12)

PB5 = /PER2CS = /(A15 * A14
A13+/A12)

PB6 = /PER3CS = /(A15+ A14
A13+A12)

Finally, PB7 is used to perform the bus
sizing function. It should be sized to eight
bits whenever any of the external peripher-
als is accessed. It should be sized to 16
bits for all other accesses. The 80C196KB
requires a high on the BUSWIDTH input for
16-bit operation and a low for 8-bit opera-
tion. This is accomplished by the equation
below:

PB7 = BUSWIDTH = /(A15°* A14* A13 +
/A15* A14 * /A13 * A12)

This completes the equations for Port B.
These equations are entered in the Maple
software by selecting the Port B chip select
definition screens as described in the previ-
ous example and entering 1’s and 0’s in the
appropriate locations. Remember that don’t
cares (X's or blanks) must be entered in all
inputs which are not used by a particular
equation.

Finally, we must enter the memory map
into Maple Address Map screen. This is
performed as in the previous example by
entering 1’s, 0’s or don't cares in the appro-
priate places.

Conclusion

The PSD device may be used in a variety
of applications requiring the simplicity,
space savings and performance possible
by the integration of memory and
programmable elements. But a significant
portion of the value of the PSD device, is
its ability to absorb much of the logic
functionality which normally surrounds a

microcontroller application. The
programmability of the device allows the
designer to make changes to both the
software and the design itself as required.
This is not possible with masked ROM or
ASIC-based designs. The PSD device can
truly turn a microcontroller into a complete

two-chip solution.
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Using Memory Paging with the PSD3XX

By Jeff Miller

Introduction The PSD3XX is a compact, high microcontroller is capable of addressing
performance microcontroller peripheral only 64K Bytes of memory with its
used to extend the capabilities of a limited 16-bit address bus. In these
microcontroller in a space-limited applications, the designer is often faced
embedded control system. It provides the with the difficult choice of eliminating
programmable logic, memory and |/O features, using a more expensive
requirements needed by most microcon- microcontroller with a wider address bus,
troller designs in a single small package. or adding external paging logic requiring
The PSD301, introduced in November several extra components.
1990, was the first of a six-member family With this in mind, designers at WSI have
of devices providing varying amounts of included a simple but very effective paging
on-chip resources. The PSD301 contains system in the PSD3XX models containing
32K Bytes of EPROM for program storage more than 32K Bytes of EPROM. This
and 2K Bytes of SRAM scratchpad enables cost effective microcontroliers like
memory. As the family expanded, the the 80C31, 80196, 280, 68HC11 and
EPROM memory size grew to 128K Bytes others to take full advantage of additional
in some versions. This large memory may memory without any additional hardware or
be needed in many applications requiring design effort.
large feature sets. In many cases the

What is The primary purpose of a page register is connected with the logic required to

Paging? to extend the width of the address bus by a implement a 4-bit page register. The least

number of bits to increase the size of the
address space. These bits are added to the
address bus as outputs of a register which
is loaded from the data bus of the MCU.
Each additional bit doubles the effective
address space. Though the page register
address bits increase address space, they
are not the same as the true address bits
which are generated by the microcontroller
since they do not appear with the same
timing or sequence of the address. They
must be controlled carefully to avoid
unexpected behavior. They can also be a
problem for compiler-generated code since
the compiler does not inherently know how
to use a page register. Because of this,
the designer must take care in designing
software which uses the PSD3XX page
register.

The purpose of this note is to explain the
usage of the page register and some of the
techniques which may be used when
designing software which uses the page
register. A typical page register design
is shown in Figure 1. In the figure, a
typical 8-bit microcontrolier with a
multiplexed address/data bus is shown
FEE ==

significant address bits are demultiplexed
from the data bus by the ‘573 transparant
latch, which is clocked by the ALE signal.
The most significant 8-bits of address are
driven directly by the microcontroller. When
combined with the least significant address
bits from the address latch, the address
bus is 16-bits wide. This provides the
capability to directly access 64K Bytes of
address space, which may be any
combination of program and data storage.
To implement more address space, two 74
devices (a dual D-type flip flop) have been
used to create a page register. The inputs
of the ‘74 are four bits of the address/data
bus. These bits are stored into the ‘74
when a write to a specific address, as
decoded by the ‘138, is performed by the
microcontroller. The outputs of the ‘74
form an additional 4 address bits, thus
extending the address bus to 20-bits or 1
MByte of address space. The ‘74 page
register can be considered to hold

a page number. Each page number
provides a complete duplication of the
microcontroller’s memory space. To get to
another 64K Byte page of address space,
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What is the controller simply has to change the complete the next instruction fetched will
Paging page number by writing a different value to come from page Y. This means that page
the page register. must pick up the programming sequence
(Cont.) he page red : i o hlftf?f | X Th
- L . exactly as it was left off from page X. This
The circuit below has one major ) S ;
complication. If the microcontjroller is Is a complication that must be hanqled in
currently in a particular memory page, page (sj%f.twallre igg.fan rll;lak.e programmmg very
X, and it changes the page number to Y - difficu t tionally, interrupts can be a
using a store instruction which it fetched significant problem since they must force
from page X. as soon as the store is the program to an interrupt vector which
page A, may exist on a different page.
Figure 1.
Discrete Page
Register
, 2X
ADO | o 74
ALE
MCU
A8:1S P (A0:19)
WR
'138
igure 2 illustrates the block diagram of the the chip selects provided by Port B an
e Fi 2ill he block di f th he chip sel ided by Port B and
i 3XX with the internal page register. It is ort C of the . Thus, the page

similar to the discrete circuit above, but with
some important differences. The page
register provides 4-bits of additional
addressing capability, but does not provide
them directly to the memory devices them-
selves. Instead, the page register output
bits are taken into the Programmable Array
Decoder of the PSD3XX. This enables the
user to program them as necessary for the
system design.

The PAD provides a flexibility that most
page register implementations are not
capable of providing. If you are unfamiliar
with the capabilities of the PSD3XX PAD,
please consult Application Note 014, Using
the PSD3XX PAD for System Logic
Replacement . Figure 3 illustrates the PAD
logic in a PSD3XX with a page register. The
PAD generates the outputs which are used
to select the PSD3XX's eight EPROM
blocks, the SRAM block, the 1/0 ports, the
shared resource interface, the page register
itself and all external functions which use
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register bits may be combined with the
address bits and control signals in any
combination to generate the select signals
for all of the above resources. In addition,
any or all of the page register bits may be
don’t cares in any or all of the PAD chip
select equations, enabling the user to
select which resources may be selcted
from which page, or to select some
resources from any page. This extremely
useful feature enables the programmer to
avoid the problem of software continuity
between pages described above by making
at least one of the EPROM blocks appear
in all pages and then using that block to
contain code for interrupt servicing and
page switching. This is performed simply
by making the page register bits ‘don’t
cares’ in the chip select equation for that
block. All of this is fully programmable with
the PSD3XX, enabling the designer to
choose the paging scheme that is best for
the application.
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The PSD3XX The Microcontroller can write or read the is based on the CSIOPORT select signal
Implementation page register to place a new page number programming. If address 8000 hex is
(cgllt ) in it or read the current page number. To programmed for CSIOPORT, the
" perform this, the microcontroller must corresponding page register address is
simply access the address programmed in 8018 hex and read and write data will be to

the PAD for the page register. This address and from the page register.
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A Simple
Paging
Example

To illustrate the operation of the PSD3XX
page register, assume that a designer
requires a full 128K Bytes of program
storage space, 32K Bytes of buffer SRAM
and three peripheral devices which also
must be memory mapped. We can also
assume that the required program is easily
broken into four modules which are
somewhat independent, but do need the
capability to call one another and must be
able to pass global data among one
another. Further, assume that the

external peripheral devices may be
selected from three of the four modules,
but must not be accessed from the fourth
for security reasons. Lastly, assume that
the designer is constrained by cost and
compatibility considerations to use an 8-bit
microcontroller with a 16-bit address bus
(in this example, an 8031).

These requirements may be easily
implemented using the PSD313 device.
The PSD313 is an 8-bit device with

128K Bytes of EPROM for program
storage. It also contains the PAD and page
register logic described above. The
memory map required for this application is
shown in Figure 4.

The memory map shown utilizes the page
register to provide a unique address for all
of the PSD313’s 128K Bytes of EPROM in
addition to the SRAM and peripherals. This
memory map consists of four pages of 64K
Bytes each. The map is further divided into
program and data space by the PSEN and
RD signals which are available in the 8031
microcontroller. This enables the PSD313
to overlap the addresses of the EPROM,
I/0 and SRAM. The pages are numbered
0 - 3, and are written into the page register
by the microcontroller. The page register is
part of the 1/0 addressing and resides in
the RD = 0 map.

The software must be broken into four
segments, one residing in each page, in
order to function efficiently with this
memory scheme. The software which
enables the machine to boot, service
interrupts and switch memory pages is
located in a block of EPROM which is
mapped into all memory pages. This
enables simple page switching and
interrupt servicing regardless of the page
that the microcontroller is currently
operating in. Locating an EPROM block in

multiple pages is very simple using the
PAD ‘don’t care’ feature. In this example,
EPROM block 0 has been chosen to hold
the page-independent software. The PAD
output which controls block 0 is ESO.
Therefore, in the definition of the ESO
signal, all four of the page register bits

(PO — P3) are programmed as ‘don’t cares’.
ESO is further defined to be from address
0000 to 3FFF. Thus, whenever the
microcontroller places an address on the
bus which is in this range with PSEN low,
the data will be read from EPROM block O,
regardless of the contents of the page
register.

The remaining EPROM blocks are evenly
distributed into the four pages. This
segmentation has been used in this
example, but there is no requirement that
the pages contain equal memory sizes.
Each can have a different amount of
resources contained within it. We have
placed EPROM blocks 1 and 2 in page 0.
This is done by requiring PO — P3 to be O’s
to generate the ES1 and ES2 selects.
Similarly, ES3 and ES4 in page 1, ES5 and
ES6 in page 2 and ES7 in page 3 require
the PO — P3 signals to be in the correct
states to generate the ES signals.

The SRAM and I/O devices most likely
must be accessible from all pages, like the
page switching software and interrupt
service routines. In this way, each of the
program segments may store and load
data from the SRAM which may be used to
pass global parameters among the
programs. All programs may also
communicate with the external I/O devices,
which is most likely required. It is very
important that the internal PSD3XX 1/0
registers, which include the 1/O port control
and data registers as well as the page
register itself, be mapped into all pages.
Otherwise, after the page has been
switched, there will be no way of switching
back to the original page since the page
register would not be accessible. To make
the page register accessible from all
pages, the designer must simply make the
page register bits (PO — P3) ‘don’t cares’ in
the equation for the CSIOPORT signal.
This can also be done for any of the
external chip select equations which are
generated by the PAD and brought to the
outside world through Port B or Port C.
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Figure 4.
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A Simple
Paging
Example
(Cont.)

If it is desirable for some pages not to have
access to some resources, this may be
done also. The designer must simply use
the page register bits in the equation which
selects the resource which is to be
protected. This can provide a program
security or error handling feature while
protecting certain I/O or memory devices
from accidental corruption.

Figure 5 contains the output of WSi's
Maple software for the above example.
The part chosen to implement the sample
design was the 8-bit only PSD313, chosen
because it contains the required 128K
Bytes of EPROM but is less expensive
than the PSD303. The PSD303, which also
contains 128K Bytes of EPROM, can be
configured in a 16-bit data bus mode which
would be suitable for use with 16-bit
microcontrollers like the 80196.

The PSD313 was programmed and
configured to implement the memory map
shown in Figure 4. Not all of the capability
of the PSD313 has been utilized in this
example but is available to satisfy other
system design requirements if necessary.
The PSD313 has been configured to
function with the 8031 microcontroller and
its associated control signals. This can be
seen in the Configuration portion of the
output file in Figure 5. We have also
configured Port B 0-3 to provide the
required chip select functions for the
external /O and SRAM devices. These
chip selects have been given the aliases
ExtCS1, ExtCS2 and ExtCS3 for the I/0
devices and SRAMCS for the SRAM. The
equations entered for the chip selects
correspond to the addresses for which they
should be active. ExtCS1 will become
active when address 8000 - 87FF hex is
accessed. ExtCS2 and ExtCS3 will
become active for addresses 8800 — 8FFF
hex and 9000 — 97FF hex respectively. The
SRAM chip select will become active for
address 0 — 7FFF hex. All of these chip
selects will function independently from the
page register contents since the page
register outputs (PO — P3) do not appear in
the equations. This means that all of these
external devic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>