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Programmable Peripheral
PSD5XX Family

Field-Programmable Microcontroller Peripherals

1.0 The PSD5XX family is a microcontrolier peripheral that integrates high-performance and

Introduction user-configurable blocks of EPROM, programmable logic, and SRAM into one part. The
PSD5XX is also loaded with a variety of features, such as Counter/Timers, Interrupt
controller, power management, and page logic. The PSD5XX products also provide a
powerful microcontroller interface that eliminates the need for external “glue logic”. The no
“glue logic” concept provides a user-programmable interface to a variety of 8- and 16-bit
(multiplexed or non-multiplexed) microcontrollers that is easy to use. The part’s integration,
small form factor, low power consumption, and ease of use make it the ideal part for
interfacing to virtually any microcontroller.

The PSD5XX provides three Zero-power PLDs (ZPLDs): a Decode PLD (DPLD), a
General-purpose PLD (PLD), and a Peripheral PLD (PPLD). The ZPLDs have a total of 61
inputs, 140 product terms, 30 macrocells, and 24 1/0O connections. A configuration bit
(Turbo) can be set by the MCU, and will automatically place the ZPLDs into standby if

no inputs are changing. The ZPLDs are designed to consume minimum power using Zero
Power CMOS technology that uses low standby current. Unused product terms are
automatically disabled, also reducing power, regardless of the Turbo bit setting.

MCU INTERFACE

The main function of the DPLD is to perform address decoding for the internal /O ports,
EPROM, and SRAM. The address decoding can be based on up to 24 bits of address
inputs, control signals (RD, WR, PSEN, etc.), and internal page logic. The DPLD supports
separate program and data spaces (for 8031 compatible MCUs).

The General-purpose PLD (GPLD) can be used to implement various logic defined by the
user, such as:

¢ State machines

* | oadable counters and shift registers

* |nter-processor mailbox

® External control logic (chip selects, output enables, etc.).
The GPLD has access to up to 61 inputs, 118 product terms, 24 macrocells, and 24 I/O
pins.

| Return to Main Menu 1
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Introduction
(cont.)

The Peripheral PLD (PPLD) generates outputs to the Counter/Timer unit and the Interrupt
Controller. The PPLD outputs to the Counter/Timer enable, disable, or trigger counting or
time capture. The PPLD outputs to the Interrupt Controller enables the user to define
conditions for interrupt generation.

The Counter/Timer unit provides four 16-bit highly flexible Counter/Timers. Each has five
modes of operation: pulse, waveform, event counting, time capture, and watchdog
(real-time clock). Each Counter/Timer can be programmed to count up or down. The inputs
to the Counter/Timer, which enable/disable counting or trigger an operation, can originate
from the PPLD directly or directly from the pins. The maximum operating frequency of each
counter is 7.5 MHz. The input clock can be divided (by up to 280) before driving the
Counter/Timer unit using the 4 to 280 prescaler.

The Interrupt Controller has eight levels of priority encoding. It accepts four user-defined
interrupts and four terminal counts from the Counter/Timer. Each interrupt can be
individually masked and configured to be level or edge sensitive. A 3-bit interrupt vector is
generated that can be read by the microcontroller. The serviced interrupt will be cleared
automatically after the microcontroller has read the interrupt vector.

The PSD5XX has 40 I/O pins that are divided among 5 ports. Each /O pin can be
individually configured to provide many functions, including the following:

* MCU I/O

* ZPLD I/O

¢ | atched address output (for MCUs with multiplexed data bus)
* Special function I/O (Counter/Timer and interrupts)

* Data bus (for MCUs with non-multiplexed data bus).

The PSD5XX can easily interface with virtually any 8- or 16-bit microcontrolier with a
multiplexed or non-multipiexed bus. All of the MCU control signals are connected to the
ZPLDs, enabling the user to generate signals for external devices. The PSD5XX can
generate a reset output based on the RESET input (includes hysteresis).

The PSD5XX provides between 256 Kbits and 1 Mbit of EPROM that is divided in to four
equal-sized blocks. Each block can occupy a different address location, allowing for
versatile address mapping. The access time of the EPROM includes the address latching
and DPLD decoding.

The PSD5XX has an optional 16 Kbit SRAM that can be battery-backed by connecting a
battery to the Vstby pin. The battery will protect the contents of the SRAM in the event of a
power failure. Therefore, you can place data in the optional SRAM that you want to keep
after the power is switched off. Power switch-over to the battery automatically occurs when
Vce drops below Vstby.

A four-bit Page Register enables easy access to the /O section, EPROM, and SRAM for
microcontrollers with limited address space. The Page Register outputs are connected to
the ZPLDs and thus can also be used for external paging schemes.

Please refer to the revision block at
the end of this document for updated
information.
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Introduction
(cont.)

The Power Management Unit (PMU) of the PSD5XX enables the user to control the
power consumption on selected functional blocks, based on system requirements. For
microcontrollers that do not generate a chip select input for the PSD, the Automatic
Power-Down (APD) unit of the PMU can be setup to enable the PSD to enter Power Down
or Sleep Mode, based on the inactivity of ALE (or AS).

Implementing your design has never been easier than with PSDsoft—WSI's software
development suite. Using PSDsoft, you can do the following:
* Configure your PSD5XX to work with virtually any microcontroller
* Specify what you want implemented in the programmable logic using a design file
* Simulate your design
* Download your design to the part using a programmer.

2.0
Key Features

3 Single-chip programmable peripheral for microcontroller-based applications

(J 256K to 1 Mbit of UV EPROM with the following features:
* Configurable as 32,64, or 128 Kx 8; oras 16,32, 0or64 K x 16
* Divided into four equally-sized mappable blocks for optimized address mapping
® As fast as 70 ns access time, which includes address decoding
* Built-in Zero-power technology

(J 16 Kbits SRAM is configurable as 2K x 8 or 1K x 16. The access time can be
as quick as 70 ns, including address decoding. The contents of the SRAM can be
battery-backed by connecting a battery to the Vstby pin. The SRAM was also designed
using Zero-power technology

J 40 I/O pins (divided into five 8-bit ports) that can be individually configured for:
® Standard MCU /O
® PLD/macrocell /O
® |atched address output
¢ High-order address inputs
® Special function I/O
* Open-drain output

[ Three Zero-power Programmable Logic Devices (ZPLDs): the Decode PLD (DPLD), the
General-purpose PLD (GPLD), and the Peripheral PLD (PPLD) can be used for:
® Up to 61 input and 140 output product terms
® 24 Macrocells and /O
* Decode up to 16 MB of address
* State machines and state logic
® Generate external signals (chip selects, bus interface, etc.)

(d Microcontroller logic that eliminates the need for external “glue logic” has the following
features:
* Ability to interface to multiplexed and non-multiplexed buses
* Built-in address latches for multiplexed address/data bus
® ALE and Reset polarity are programmable
* Multiple configurations are possible for interface to many different microcontrolliers

(J Four 16-bit Counter/Timers that have five modes of operation and can be controlled by
the PPLD macrocells. Modes of operation are: pulse and waveform generation, time
capture, event counting, and a watchdog timer (real time clock).

(1 Eight input priority encoded Interrupt Controller. Four interrupts are generated by
the PPLD and are user defined. The other four interrupts are generated by the
Counter/Timer’s terminal count flags. Each interrupt can be individually masked and
configured as edge or level sensitive.

(J Page logic is connected to the ZPLDs and expands the MCU address space to up to
16 times
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Key Features
{cont.)

LJ Programmable power management allows:
* SRAM, EPROM, and ZPLDs to enter standby mode automatically
* Disabling of the clock input to the ZPLDs
® ZPLDs to enter a special low power mode (Sleep Mode), based on Turbo bit setting

A security bit prevents reading the PSD5XX configuration and the ZPLD contents.
Setting this bit will prevent the device from being copied on a device programmer.

[ Built-in security enables the user to block read accesses from a device programmer
[ Package choices include a 68-pin PLCC and CLDCC, and an 80-pin TQFP.
(3 Programmable polarity Reset output (includes hysteresis), based on Reset input

( Simple, menu-driven software (PSDsoft) allows configuration and design entry on a PC.

3.0
Notation

Throughout this data sheet, references are made to the PSD5XX. in most cases, these
references also cover the ZPSD5XX and ZPSD5XXV products. Exceptions will be noted.

The main difference between the ZPSD5XX and the PSDS5XX is the standby current (Isb).
The ZPSD5XX devices have been rated for a lower standby current. Also, there is no
low-voltage version of the PSD5XX. There is only the low-voltage version of the ZPSD5XX,
which has a V suffix.

4.0
ZPSD
Background

Portable and battery powered systems have recently become major embedded control
application segments. As a result, the demand for electronic components having extremely
low power consumption has increased dramatically. Recognizing this need, WSI, Inc.

has developed a new Zero-Power technology. ZPSD products virtually eliminate the DC
component of power consumption reducing it to standby levels. Eliminating the DC
component is the basis for the words “Zero Power”. ZPSD products also minimize the

AC power component when the chip is changing states. The result is a programmable
microcontrolier peripheral family that replaces discrete circuit functions while drawing
minimal power.

|
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Figure 1. PSD5XX Block Diagram
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5.0

Integrated
Power
Management ™
Operation

Upon each address or logic input change to the PSD, the device powers up from low power
standby for a short time. Then the PSD consumes only the necessary power to deliver new
logic or memory data to its outputs as a response to the input change. After the new
outputs are stable, the PSD latches them and automatically reverts back to standby mode.
The Igc current flowing during standby mode and during DC operation is identical.

The PSD automatically reduces its DC current drain to these low levels and does not
require controlling by the CSI (Chip Select) input. Disabling the CS! pin unconditionally
forces the PSD to standby mode independent of other input transitions.

The only significant power consumption in the PSD occurs during AC operation.

The PSD contains the first architecture to apply Zero-power techniques to memory circuit
blocks as well as logic.

Figure 2 compares PSD Zero-power operation to the operation of a discrete solution.

A standard microcontroller (MCU) bus cycle usually starts with an ALE (or AS) puise and
the generation of an address. The PSD detects the address transition and powers up for a
short time. The PSD then latches the outputs of the PAD, EPROM and SRAM to the new
values. After finishing these operations, the PSD shuts off its internal power, entering
standby mode. The time taken for the entire cycle is less than the PSD’s “access time.”

The PSD will stay in standby mode if the inputs do not change between bus cycles. In an
alternate system implementation using discrete EPROM, SRAM and other discrete
components, the system will consume operating power during the entire bus cycle. This is
because the chip select inputs on the memory devices are usually active throughout the
entire cycle. The AC power consumption of the PSD may be calculated using the composite
frequency of the MCU address and control inputs, as well as any other logic inputs to the
ZPLD.

NOTE: The ZPSD5XX parts have been rated for a lower standby current (Igg) than the
PSD5XX parts.

Figure 2. ZPSD Power Operation vs. Discrete Implementation
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6.0
Design Flow

Shown in Figure 3 (below) is the software design flow for a PSD5XX device.
PSDsoft—WSI's software development suite—is used throughout the design phase. You
start with a design file that is written in PSDabel-a high-level hardware description language
(HDL). Before you compile your design, you must also configure the PSD5XX so it knows
what signals to expect from your microprocessor and what pre-runtime options should be
set (such as the security bit).

Once you have a design file and have configured the device, you are ready to run the Fitter
and Address Translator. The Fitter accepts input from PSDabel and PSD Configuration,
synthesizes this user logic and configuration, and fits the design to the PSD silicon.

The Address Translator process allows the user to map the MCU firmware from a
cross-compiler (in Intel HEX or S-Record format) into the NVM memory blocks within the
PSD. As a result, the MCU firmware is merged with the logic and configuration definition of
the PSD.

The output of the Address Translator and the Fitter is the required object file that is used by
a programmer to program the PSD device. The object file includes chip configuration, the
PLD fusemap, and MCU firmware information.

PSDsiloslll is an optional program that provides functional chip-level simulation of the
PSD5XX. PSDsoft automatically creates files for input to the simulator. These files convey
relevant design information to the simulator. As a result, the user only has to create a stim-
ulus file since all of the signals and node names are taken from the design file.

Figure 3. PSDsoft Development Tools
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7.0
PSD5XX
Family

There are 7 unique devices in the PSD5XX family. The part classifications are based on
EPROM size and data bus width. The features of each part are listed in Table 1.

Table 1. PSD5XX Product Matrix

+ /! .
Part | Bus DPLD + GPLD + PP b 1/0 |Timers| Inter. | WD* | PMU | EPROM | SRAM
# | Bit |Inputs|Product| Registered (pijps Contr. K bit | K bit
Terms | Macrocells
501B1|x8/x16| 61 140 30 40 | 4+16 8 1+16| Yes | 256 16
511B1| x8 61 140 30 40 |4+16 8 1=16| Yes | 256 16
502B1|x8/x16| 61 140 30 40 |4+16 8 1+16| Yes | 512 16
512B0| x8 61 140 30 40 |4+16 8 116 | Yes | 512 -
512B1| x8 61 140 30 40 [4+16 8 1«16 | Yes | 512 16
503B1|x8/x16| 61 140 30 40 |4~+16 8 1+16| Yes | 1024 16
51381| x8 61 140 30 40 |4+16 8 1+16| Yes | 1024 16

WD = WatchDog Timer.

PMU = Power Management Unit.
*One of the four 16-Bit Timers.
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8.0

Table 2.
PSD5XX Pin
Descriptions

The following table describes the pin names and pin functions of the PSD5XX. Pins that
have multiple names and/or functions are defined by user configuration.

Pin Name

Pin Function

Type

Function Descriptions

ADIOOQ - ADIO15

Address/ data bus

I/O

1. Address/data bus, multiplexed
bus mode

2. Address bus, non-multiplexed
bus mode

RD

Multiple Names
1. Read

2.E_

3.DS

4.LDS

Multiple functions

1. Read signal

2. E signal (Clock)

3. Data strobe signal

4. Low byte data strobe

WR

Multiple Names
1. WR

2. R/W

3. WRL

Muitiple functions

1. Write signal

2. Read-write signal

3. Low byte write signal

(0351

Chip Select Input

Active low, select PSD5XX.
standby mode if high.

RESET

Reset Input

Reset I/O ports, ZPLD/macrocells,
Timers and Configuration
Registers. Active low.

CLKIN

input clock

Clock input to Timers, ZPLD
macrocells, ZPLD array, and APD
counter; connect to ground if clock
input not used.

PAQ — PA7

IO Port A

110

Multiple functions

1. /O port

2. ZPLD/macrocell /O port

3. Latched address outputs
(PAO-PA7) — (A0-A7)

4. High address inputs (A16 — A23)

5. Timer outputs (PAQ — PA3)

PBO - PB7

I/O Port B

I/O

Muitiple functions

1. 1/O port

2. ZPLD/macrocell I/0 port

3. Latched address outputs
(PBO-PB7) — (A0-A7) or (A8—-A15)

4. Timer outputs (PB0-PB3)

PCO - PC7

I/O Port C

11O
CMOS
or
oD

Multiple functions

1. I/O port

2. ZPLD input port

3. Latched address outputs
(PCO - PC7) — (A0-A7)

4. Data Port (DO - D7,
non-multiplexed bus)

PDO - PD7

/0 Port D

I/O
CMOS
or
oD

Multiple functions
1. 1/0 port
2. ZPLD input port
3. Latched address outputs
(PDO-PD7) — (A0—A7) or (A8—A15)
4. Data Port (D8-D15,
non-multiplexed bus)
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Table 2.
PSD5XX Pin
Descriptions
{Cont.)

Pin Name Pin Function Type Function Descriptions
PEOQ Port PE, pin 0 (o] Multiple functions

1. BHE 1. High byte enable, 16 bit data

2. PSEN 2. Read program memory, 8031 signal

3. WRH write high data byte

4. UDS 4. Upper Data Strobe

5. S1Z0 5. Byte enable, 68300 signal

6. PEO 6. I/O pin

7. PEO 7. ZPLD /O pin

8. PEO 8. Latched Address Out — AO
PE1 Port PE, pin 1 110 Multiple functions

1. ALE 1. Address strobe

2. PE1 2. 1/O pin

3. PE1 3. ZPLD I/O pin

4. PE1 4. Latched Address Out — A1
PE2 Port PE, pin 2 Multiple functions

1. Intr Out 1. Interrupt Controller Output

2. PE2 I/10 2. IfO pin

3. PE2 3. ZPLD /O pin

4. PE2 4. Latched Address Out — A2
PE3 Port PE, pin 3 Multiple functions

1. Timer0-In 1. Timer0 control input

2. PE3 VO 2. 1/O pin

3. PE3 3. ZPLD /O pin

4. PE3 4. Latched Address Out — A3
PE4 Port PE, pin 4 Multiple functions

1. Timer1-in 1. Timer1 control input

2. PE4 IO 2. 1/O pin

3. PE4 3. ZPLD /O pin

4. PE4 4. Latched Address Out — A4

5.TCO 5. Timer0 Terminal Count
PE5 Port PE, pin 5 , Multiple functions

1. Timer2-In 1. Timer2 control input

2. PE5 /O 2. 1/O pin

3. PE5S 3. ZPLD I/O pin

4. PES 4. Latched Address Out — A5

5. TC1 5. Timer1 Terminal Count
PEG6 Port PE, pin 6 Multiple functions

1. Timer3-In 1. Timer3 control input

2. PE6 le] 2. 1/O pin

3. PE6 3. ZPLD /O pin

4. PE6 4. Latched Address Out — A6

5.TC2 5. Timer2 Terminal Count
PE7 Port PE, pin 7 Multiple functions

1. APD CLK 1. Automatic Power Down Clock Input

2. PE7 IO 2. I/O pin

3. PE7 3. ZPLD /O pin

4. PE7 4. Latched Address Out — A7

5.TC3 5. Timer3 Terminal Count
VSTBY VSTBY | SRAM power pin for standby

operation (battery backup)

Ve Vee | Chip V¢ power pin
GND GND | Chip ground pin

10
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9.0
The PSD5XX
Architecture

PSD5XX consists of seven major functional blocks:
(O ZPLD Blocks

1 Bus Interface

Q /0 Ports

J Memory Block

(J Power Management Unit

(d Counter/Timer

Q Interrupt Controller

The functions of each block are described in the following sections. Many of the blocks
perform multiple functions, and are user configurable. The chip configurations are specified
by the user in the PSDsoft Development Software; some are specified by setting up the
appropriate bits in the configuration registers during run time.

9.1 ZPLD Block

Key Features

(J 3 Embedded ZPLD devices
Maximum 30 macrocells
Combinatorial/registered outputs
Maximum 140 product terms
Programmable output polarity

User configured register clear/preset
User configured register clock input
61 Inputs

Accessible via 24 1/0O pins

Power Saving Mode

UV-Erasable

Generate user defined interrupts to Interrupt Controller
and controls to Counter/Timer

cododcoooood

General Description
The ZPLD block has 3 embedded PLD devices:

J DPLD
The Address Decoding PLD, generating select signals to internal I/O or memory blocks.

QJ GPLD

The General Purpose PLD provides 24 programmable macrocells for general or
complex logic implementation; dedicated to user application.

Q PPLD

The Peripheral PLD, includes 6 programmable macrocells. The PPLD provides control
to the operation of the Counter/Timer and Interrupt Controller.

Figure 4 shows the architecture of the ZPLD. The PLD devices all share the same

input bus. The true or complement of the 61 input signals are fed to the programmable
AND-ARRAY. Names and source of the input signals are shown in Table 3. The PA, PB, PE
signals, depending on user configuration, can either be macrocell feedbacks or inputs from
Port A, B or E.

H—F—

SeF 5 11
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iagram

4. ZPLD Block D

Figure
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The PSD5XX Table 3. ZPLD Input Signals
4(4c‘r,'(:f)ltecture Signal Name From
PAO — PA7 Port A inputs or Macroceil PA feedback
PBO - PB7 Port B inputs or Macrocell PB feedback
PEO - PE7 Port E inputs or Macrocell PE feedback
PCO - PC7 Port C inputs
PDO - PD7 Port D inputs
PGRO - PGR3 Page Mode Register
WDOG2PLD Counter/Timer
INTR2PLD Interrupt Controller
A8 — A15, A0, A1 MCU Address Lines
RD/E/DS MCU bus signal
WR/R_W MCU bus signal
CLKIN Input Clock
RESET Reset input
Csl CSI input (ORed with power down from PMU)

13
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The PSD5XX
Architecture

9.1.1 The DPLD

The DPLD is used for internal address decoding generating the following eight
chip select signals:

) ESO-ES3
EPROM selects, block 0 to block 3

1 RSO
SRAM block select

O csiop
I/O Decoder chip select

(d PSELO - PSEL1
Peripheral I/O mode select signals

The I/O Decoder enabled by the CSIOP generates chip selects for on-chip registers or 11O
ports based on address inputs A[7:0}.

As shown in Figure 5, the DPLD consists of a large programmable AND ARRAY. There are
a total of 61 inputs and 8 outputs. Each output consists of a single product term. Although
the user can generate select signals from any of the inputs, the select signals are typically a
function of the address and Page Register inputs. The select signals, which are active High,
are defined by the user in the ABEL file (PSDabel).

The address line inputs to the DPLD include AQ, A1 and A8 — A15. If more address lines
are needed, the user can bring in the lines through Port A to the DPLD.

9.1.2 The GPLD

The structure of the General Purpose PLD consists of a programmable AND ARRAY and
3 sets of I/O Macrocells. The ARRAY has 61 input signals, same as the DPLD. From these
inputs, “ANDed” functions are generated as product term inputs to the macrocells. The I/0
Macrocell sets are named after the 1/0O Ports they are linked to, e.g., the macrocells
connected to Port A are named PA Macrocells. The 3 sets of macrocells, PA, PB and PE,
are similar in structure and function.

Figure 6 shows the output/input path of a GPLD macrocell to the Port pin with which it is
associated. If the Port pin is specified as a GPLD output pin in PSDsoft, the MUX in the I/O
Port Cell selects the GPLD macrocell as an output of the Port pin. The output enable signal
to the buffer in the 1/O cell can be controlled by a product term from the AND ARRAY.

If the Port pin is specified as a ZPLD input pin, the MUX in the GPLD macrocell selects the
Port input signal to be one of the 61 signals in the ZPLD Input Bus.

14
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Figure 5. DPLD Logic Array
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The PSD5XX 9.1.2.1 Port A Macrocell Structure
Architecture Figure 6a shows the PA Macrocell block, which consists of 8 identical macrocells.
(cont.) Each macrocell output can be connected to its own 1/O pin on Port A. There are 3 user

programmable global product terms output from the GPLD’'s AND ARRAY which are
shared by all the macrocells in Port A:

O PA.OE
Enable or tri-state Port A output pins

Q PAPR
Preset D flip flop in the macrocells

J PA.RE
Reset/Clear D flip flop in the macrocells

Two other inputs, CLKIN and MACRO-RST, are used as clock and clear inputs to the D flip
flop. The CLKIN comes directly from the CLKIN input pin. The MACRO-RST is the same as
the Reset input pin except it is user configurable.

The circuit of a Port A Macrocell is shown in Figure 7. There are 6 product terms from the
GPLD’s AND ARRAY as inputs to the macrocell. Users can select the polarity of the output,
and configure the macrocell to operate as:

[J Registered Output
Select output from D flip flop

(J Combinatorial Output
Select output from OR gate

(J GPLD Input
Use Port A pin as dedicated input

O GPLD Output
Use Port A pin as dedicated output

Q GPLDI/O
*Use Port A pin as bidirectional pin

(J Macrocell Feedback
Register feedback for state machine implementations or expander feedback
from the combinatorial output, to expand the number of product terms available to
another macrocell.

In case of "Buried Feedback", where the output of the macrocell is not connected to a
Port A pin, Port A can be configured to perform other user defined 1/0O functions.

The two global product terms assigned for asynchronous clear (PA.RE) and preset (PA.PR)
are mainly for proper Port A Macrocell initialization. The macrocell flip-flop can also be
cleared during reset by MACRO-RST, if such an option is chosen. The clock source is
always the input clock CLKIN.
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Figure 6. GPLD Macrocell Input/Output Port
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iagram

6a. PA Macrocell Block D

Figure
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Figure 7. PA Macrocell

The PSD5XX
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The PSD5XX 9.1.2.2 Port B Macrocell Structure
Architecture Figure 8 shows the PB Macrocell block, which consists of 8 identical macrocells. Each
(cont.) macrocell output can be connected to its own I/O pin on Port B. The two inputs, CLKIN and

MACRO-RST, are used as clock and clear inputs to all the macrocells. The CLKIN comes
directly from the CLKIN input pin. The MACRO-RST is the same as the Reset input pin
except it is user configurable.

The circuit of a PB Macrocell is shown in Figure 9. There are 10 product terms from the
GPLD’s AND ARRAY as inputs to the macrocell. Users can select the polarity of the output,
and configure the macrocell to operate as:

(J Registered Output
Select output from D flip flop.

[J Combinatorial Output
Select output from OR gate.

Q GPLD input
Use Port B pin as dedicated input.

(J GPLD Output
Use Port B pin as dedicated output.

J GPLD /O
Use Port B pin as bidirectional pin.

J Macrocell Feedback
Register feedback for state machine implementations or expander feedback
from the combinatorial output, to possibly expand the number of product terms
available to another macrocell.

In case of "Buried Feedback", where the output of the macrocell is not
connected to a Port B pin, Port B can be configured to perform other user
defined I/O functions.

Each D flip flop in the macrocells has its own dedicated asynchronous clear, preset and
clock input. The signals are defined as follow:

(J PRESET .
Active only if defined by a product term (PBx.PR)

(J CLEAR
Two selectable inputs: Reset input or user defined product term (PBx.RE)

O CLK
Two selectable inputs — CLKIN input or user defined product term (PBx.CLK).
The macrocell is operated in Synchronous Mode if the clock input is CLKIN, and is in
Asynchronous Mode if the clock is a product-term clock defined by the user.
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iagram

8. PB Macrocell Block D
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Figure 9. PB Macrocell
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The PSD5XX
Architecture
{cont.)

9.1.2.3 Port E Macrocell Structure

Figure 10 shows the PE Macrocell block, which consists of 8 identical macrocells. Each
macrocell output can be connected to its own 1/O pin on Port E. There are 3 user
programmable global product terms output from the GPLD’s AND ARRAY which are shared
by all the macrocells in Port E:

[} PE.OE
Enable or tri-state Port PE output pins

J PE.PR
Preset D flip flop in the macrocells

J PE.RE
Reset/Clear D flip flop in the macrocells

Two other inputs, CLKIN and MACRO-RST, are used as clock and clear inputs to the D flip
flop. The CLKIN comes directly from the CLKIN input pin. The MACRO-RST is the same as
the Reset input pin except it is user configurable.

The circuit of a PE Macrocell is shown in Figure 11. There are 4 product terms from the
GPLD’s AND ARRAY as input to the macrocell. Users can select the polarity of the output
and configure the macrocell to operate as:

O Registered Output
Select output from D flip flop

(J Combinatorial Output
Select output from OR gate

(J GPLD Input
Use Port E pin as dedicated input

(J GPLD Output
Use Port E pin as dedicated output

J GPLD /O
Use Port E pin as bidirectional pin

(J Macrocell Feedback
Register feedback for state machine implementations or expander feedback from the
combinatorial output, to possibly expand the number of product terms available to
another macrocell.

In case of "Buried Feedback", where the output of the macrocell is not connected
to Port E pin, Port E can be configured to perform other user defined 1/O functions.
If pins PEQ and PE1 are used as bus control signal inputs (ALE, PSEN/BHE), the
corresponding macrocells' feedbacks are disabled. The bus control signals are
connected to the ZPLD Input Bus.

The two giobal product terms assigned for asynchronous clear (PE.RE) and preset (PE.PR)
are mainly for proper PE Macrocell initialization.

The macrocell flip-flop can also be cleared during reset by MACRO-RST, if such an option
is chosen. The clock source is always the input clock CLKIN.
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Figure 10. PE Macrocell Block Diagram
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Figure 11. PE Macrocell
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The PSD5XX
Architecture
(cont.)

9.1.3 The PPLD

The Peripheral Programmable Logic Device (PPLD) provides a powerful mechanism for
the user to control the operations of the Counter/Timer and Interrupt Controller. Figure 12 is
the PPLD block diagram. There are six Peripheral Macrocells, four are dedicated to the
Counter/Timer, and two to the Interrupt Controller.

The outputs from the four Peripheral Macrocells, MC2TMR[3:0], are used as
load/store/enable inputs to the Counter/Timer (multiplexed with pin inputs TIMER[3:0]_IN).
The remaining two macrocell outputs (MC2INT[6:7]), together with two other product terms
(PT2INT4, PT2INT5), can generate up to 4 user defined interrupts to the Interrupt
Controller. The watch-dog output of the Timer (WDOGZ2PLD) and Interrupt Controller
(INTR2PLD) are available as inputs to the ZPLD’s AND ARRAY.

The structure of a Peripheral Macrocell is shown in Figure 13. The cell has two product term
inputs from the AND ARRAY. The user can select the registered or combinatorial output of
the macrocell, as well as the output polarity. The registers are clocked by the CLKIN clock,
and are cleared by the RESET input during power up.

9.1.4 The ZPLD Power Management

The ZPLD implements a Zero Power Mode, which provides considerable power savings
for low to medium frequency operations. To enable this feature, the ZPLD Turbo bit in the
Power Management Mode Register 0 (PMMRO) has to be turned off.

If none of the 61 inputs to the ZPLD are switching for a time period of 70ns, the ZPLD puts
itself into Zero Power Mode and the current consumption is minimal. The ZPLD will resume
normal operation as soon as one or more of the inputs change state.

Two other features of the ZPLD provide additional power savings:

1. Clock Disable:
Users can disable the clock input to the ZPLD and/or macrocells, thereby reducing AC
power consumption.

2. Product Term Disable: »
Unused product terms in the ZPLD are disabled by the PSDsoft Software automatically
for further power savings.

The ZPLD power configuration is described in the Power Management Unit section.
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Figure 12. PPLD Block Diagram
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92 The Bus Interface is very flexible and can be configured to interface to most
Bus microcontrollers with no glue logic. Table 4 lists some of the bus types to which the Bus
Interface Interface is able to interface.

Table 4. Typical Microcontroller Bus Types

Multiplexed Data Bus Bus Control Microcontroller
Width Signals

Mux 8 WR, RD, PSEN, A0 8031/80C51
Mux/Non-mux 8/16 R/W, E, BHE, A0 68HC11
Mux 8/16 WR, RD, BHE, A0 80C196/80C186
Mux 16 WRL, RD, WRH, A0 80C196SP
Non-mux 16 R/W, LDS, UDS 68302
Non-mux 8/16 R/W, DS, SIZ0, A0 68340
Non-mux 16 R/W, DS, BHE, BLE 68330, 68331
Non-mux 8 RD, WR 68HCO5C
Non-mux 16 R, E, LSTRB, A0 68HC12
Non-mux 16 R/W, DS 68HC16

9.2.1 Bus Interface Configuration

The Bus Interface Logic is user configurable. The type of bus interface is specified by

the user in the PSDsoft software (PSD configuration). The bus control input pins have
multi-function capabilities. By choosing the right configuration, the PSD5XX is able to
interface to most microcontrollers, including the ones listed in Table 4. In Table 5, the
names of the bus control input signal pins and their multiple functions are shown. For
example, Pin PEO can be configured by the PSD configuration software to perform any one
of the five functions. Examples on the interface between the PSD5XX and some typical
microcontrollers are shown in following sections.

Table 5. Alternate Pin Functions

Pin Name Pin Pin Pin Pin Pin
Function Function Function Function Function
1 2 3 4 5
RD RD E DS LDS
WR WR R/W WRL
PEO BHE PSEN WRH UDS SI20
PE1 ALE
ADO A0 BLE

9.2.2 PSD5XX Interface To a Multiplexed Bus

Figure 14 shows a typical connection to a microcontroller with a multiplexed bus. The ADIO
port of the PSD5XX is connected directly to the microcontroller address/data bus
(ADO-AD15 for 16 bit bus). The ALE input signal latches the address lines internally. In a
read bus cycle, data is driven out through the ADIO Port transceivers after the specified
access time. The internal ADIO Port connection for a 16 bit multiplexed bus is shown in
Figure 15. The ADIO port is in tri-state mode if none of the PSD5XX internal devices are

selected.

TE =S = =
F—F—
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9.2.3 PSD5XX Interface To Non-Multiplexed Bus

Figure 16 shows a PSD5XX interfacing to a microcontroller with a non-multiplexed
address/data bus. The address bus is connected to the ADIO Port, and the data bus is
connected to Port C and/or Port D, depending on the bus width. There is no need for the
ADIO Port to latch the address internally, but the user is offered the option to do so in the
PSD5XX PSDsoft Software. The data ports are in tri-state mode when the PSD5XX is not
accessed by the microcontroller.

9.2.4 Data Byte Enable

Microcontroliers have different data byte orientations with regard to the data bus. The
following tables show how the PSD5XX handles the byte enable under different bus
configurations. Even byte refers to locations with address A0 equal to “0”, and odd byte as
locations with AD equal to “1”.

Table 6. 8-Bit Data Bus

BHE A0 D7 - DO
X 0 Even Byte
X 1 Odd Byte

Table 7. 16-Bit Data Bus With BHE

BHE A0 D15 - D8 D7 - DO
0] 0 Odd byte Even byte
0 Odd byte -
1 0 - Even byte
Table 8. 16-Bit Data Bus With WRH and WRL
WRH WRL D15 - D8 D7 - DO
0 0] Odd byte Even byte
0 1 Odd byte -
1 0] - Even byte
Table 9. 16-Bit Data Bus With SI20, A0
LY/ {1] A0 D15 - D8 D7 - DO
0 0 Even byte Odd byte
1 0] Even byte -
1 - Odd byte
Table 10. 16-Bit Data Bus With UDS, LDS
LDS UDS (A0) D15 - D8 D7 - DO
0 0 Even byte QOdd byte
1 0 _ Even byte -
0 1 - Odd byte
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Figure 14. Bus Interface - Multiplexed Bus, 8 or 16-Bit Data Bus
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Figure 15. ADIO Port, 16-Bit Multiplexed Bus Interface
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Figure 16. Bus Interface — Non-Multiplexed, 8 or 16-Bit Data
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9.2.5 Optional Features
The PSD5XX provides two optional features to add flexibility to the Bus Interface:

1. Address In

Port A can be configured as high order address (A16-A23) inputs to the ZPLD for
EPROM or other decoding. Inputs are latched by ALE/AS if Multiplexed Bus is selected.
Other ports can be configured as address input ports for the ZPLD. These inputs should
not be used for EPROM decoding and are not latched internally.

2. Address Out

For multiplexed bus only. Latched address lines AQ-A15 are available on
Port A, B, C, D, or E.

Details on the optional features are described in the I/O Port section.

9.2.6 Bus Interface Examples

The next four figures show the PSD5XX interfacing with some popular microcontrollers.
The examples show only the basic bus connections; some of the pin names on the
PSD5XX parts change to reflect the actual pin functions.

Figure 17 shows an interface to the 80C31. The 80C31 has a 16 bit address bus and an
8-bit data bus. The lower address byte is multiplexed with the data bus. The RD and WR
signals are used for accessing the data memory (SRAM) and the PSEN signal is for reading
program memory (EPROM). The ALE signal is active high and is used to latch the address
internally. Port C provides latched address outputs A[7:0]. Ports A, B, D, and E (PE2-PE7)
can be configured to perform other functions. The RSTOUT reset to the 80C31 is generated
by the ZPLD from the RESET input. This configuration eliminates any reset race condition
between the 80C31 and the PSD5XX.

Figure 18 shows the 68HC11 interface, which is similar to the 80C31 except the PSD5XX
generates internal RD and WR from the 68HC11’s E and R/W signals.

In Figure 19, the Intel 80C 196 microcontroller is interfaced to the PSD5XX. The 80C196
has a multiplexed 16-bit address and data bus. The BHE signal is used for data byte
selection. Ports C and D are used as output ports for latched address A[15:0]. Pins PE6
and PE7 can be programmed as ZPLD outputs to provide the READY and BUSWIDTH
control signals to the 80C196.

Figure 20 shows Motorola’s MC68331 interfacing to the PSD5XX. The MC68331 has a
16-bit data bus and a 24-bit address bus. D15-D8 from the MC68331 are connected to
Port D, and D7 — DO are connected to Port C.
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Figure 17. Interfacing PSD5XX With 80C31
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Figure 18. Interfacing PSD5XX With 68HC11
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Figure 19. Interfacing PSD5XX With 80C196
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Figure 20. Interfacing PSD5XX With Motorola 68331
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9.3
1/0 Ports

There are 5 programmable 8-bit I/O ports: Port A, Port B, Port C, Port D and Port E. These
ports all have multiple operating modes, depending on the configuration. Some of the basic
functions are providing input/output for the ZPLD, the Counter/Timer, or can be used for
standard /0. Each port pin is individually configurable, thus enabling a single 8-bit port to
perform multiple functions. The i/O ports occupy 256 bytes of memory space as defined by
“CSIOP”. Refer to the System Configuration section for /O register address offset.

To set up the port configuration the user is required to:

1. Define 1/0 port chip select (CSIOP) in the ABEL file.

2. Initialize certain port configuration registers in the user’s program and/or
3. Specify the configuration in the PSD5XX PSDsoft Software.

4. Unused input pins should be tied to V¢ or GND.

The following is a description of the operating modes of the I/O ports. The functions of the
port registers are described in later sections.

9.3.1 Standard MCU I/0

The Standard MCU 1/0 Mode provides additional I/O capability to the microcontroller.
In this mode, the ports can perform standard I/O functions such as sensing or controlling
various external I/O devices. Operation options of this mode are as follows:

(Q Configuration
1. Declare pins or signals which are used as |/O in the ABEL file (PSDsoft).

2. Set the bit or bits in the Control Register to "1".

3. As Output Port
— Wirite output data to Data Out Register

— Set Direction Register to output mode

4. As Input Port
— Set Direction Register to input mode

— Read input from Data In Register

The port remains an output or input port as long as the Direction Register is not changed.

9.3.2 PLD1/0

The PLD 1/O mode enables the port to be configured as an input to the ZPLD, or as an
output from the GPLD macroceli. The output can be tri-stated with a control signal defined
by a product term from the ZPLD. This mode is configured by the user in the PSD5XX
PSDsoft Software, and is enabled upon power up. For a detailed description, see the
section on the ZPLD.

( Configuration
1. Declare pins or signals in the ABEL file (PSDsoft)

2. Write logic equations in the ABEL file.
3. PSDcompiler maps the PLD function to the PSD.
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(Cont.)

9.3.3 Address Out

For microcontrollers with a multiplexed address/data bus, the I/O ports in Address-Out
mode are able to provide latched address outputs (A0 — A15) to external devices. This
mode of operation requires the user to:

1 Configuration
1. Declare the pins used as address line outputs in the ABEL file PSDsoft.

2. Write “0” to the corresponding bit in the Control Register associated
with each 1/O port.

3. Set the Direction Register to Output Mode.

9.3.4 Address In

1. For Port A — as other address line (A2 — A7 and A16 — A23) inputs to the DPLD.
Additional address inputs included in the EPROM decoding must come from Port A.
The address inputs are latched internally by ALE/AS if Multiplexed Bus is specified in
PSDsoft.

2. For Ports C and D — as adress inputs to the ZPLD for general decoding, should not be
used in EPROM decoding.

(J Configuration
1. Declare pins or signals used as Address In in the ABEL file (PSDsoft).
2. Write latch equations in the ABL file, e.g., A16.LE = ALE

3.Include latched address in logic equations.

9.3.5 Data Port

In this mode, the port is acting as a data bus port for a microcontroller which has a
non-multiplexed address/data bus. In this configuration, the Data Port is connected to the
data bus of the microcontroller and the ADIO port is connected to the address bus.

(' Configuration
Select the non-multiplexed bus option in PSD configuration (PSDsoft).

9.3.6 Special Function Out

This mode is per-pin configurable. When enabled, the special function assigned to the
particular pin is driven out. Special functions consist of Timer and Interrupt outputs.

(J Configuration
1. Specify the output function in the PSD configuration (PSDsoft).

2. PSD compiler assigns pins for the selected function.

3. Write “1” to the corresponding bit in the Special Function Register.
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9.3.7 Altemnate Function In

This mode is per-pin configurable and enables the user to define the pins in Port E to
perform Alternate function. Alternate Function includes inputs to Counter/Timers and APD
clock.

(d Configuration
1. Select input functions in PSD configuration

2. PSD compiler assigns pins for the selected function.

9.3.8 Peripheral I/0

This mode enables the microcontroller to read or write to a peripheral though Port A.
When there is no read/write operation, Port A is tri-stated. One of the applications of
Peripheral I/0 is in a DMA based design.

( Configuration
1. Declare the pins used as Peripheral I/O in the ABEL file.

2. Write logic equations for PSELO and PSEL1.

3. Write a “1” to the PIO bit in the VM Register to activate the Peripheral /O operation.
See the section on Peripheral I/0O for a detailed description.

9.3.9 Open Drain Outputs

This mode enables the user to configure Port C and D pins as open drain outputs. CMOS
output is the default configuration. Writing “1” to the corresponding bit in the Open Drain
Register changes the pin to open drain output.

The following table summarizes the operating modes of the 1/O ports. Not all functions are
available to every port.

Table 11. Operating Modes of the 1/0 Ports

Port Mode PortA Port B Port C Port D Port E
Standard MCU IO Yes Yes . Yes Yes Yes
PLD I/O Yes Yes Input Only | Input Only Yes
Address Out Yes Yes Yes Yes Yes
Address In Yes Yes* Yes* Yes* Yes™
Data Port Yes Yes
Special Function Out Yes Yes Yes
Alternate Function In : Yes
Peripheral I1/0 Yes
Open Drain Yes Yes

*For external decoding. Cannot be latched by ALE.
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9.3.10 Port Registers

There are two sets of registers per I/O port: the Port Configuration Registers (PCR) which
consist of four 8-bit registers; and the Port Data Registers (PDR) which include three 8-bit
registers. The PCR is used for setting up the port configuration, while the PDR enables the
microcontroller to write or read port data or status bits. Tables 12 and 13 show the names
and the registers and the ports to which they belong.

All the registers in the PCR and PDR are 8-bits wide and each bit is associated with a pin in
the I/O port. In Table 14, the LSB of the Data In Register of Port A is connected to pin PAD,
and the MSB is connected to PA7. This pin configuration also applies to other registers and
ports. For example, in the Direction Register of Port A, writing a hex value of 07 to the
register configures pins PAO — PA2 as output pins, while PA3 — PA7 remain as input pins.

Registers can be accessed by the microcontroller during normal read/write bus cycles.
The I/O address offset of the registers are listed in the System Configuration section.

Table 12. Port Configuration Registers (PCR)

Register Name Port Write/Read
Control Register AB,C,D,E Write/Read
Direction Register AB,CD,E Write/Read
Open Drain Register C,D Write/Read
Special Function Register AB,E Write/Read
PLD - I/O Register ABE Read

Table 13. Port Data Registers (PDR)

Register Name Port Read/Write
Data In Register AB,C,D,E Read
Data Out Register AB.C,D,E Write/Read
Macrocell Out Register AB,E Read
Table 14.
Data In Register - Port A
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0

PA7 Pin | PA6 Pin | PA5Pin | PA4Pin | PA3Pin | PA2 Pin | PA1 Pin | PAQ Pin

Direction Register - Port A
(Example: Pins PAO - PA2 as Output, PA3 - PA7 as Input)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PA7 Pin | PA6 Pin | PA5Pin | PA4 Pin | PA3Pin | PA2Pin | PA1 Pin | PAO Pin

=0 =0 =0 =0 =0 =1 =1 =1
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Control Register

This register is used in both Standard MCU I/O Mode and Address Out modes. For setting
a Standard MCU 1/O Mode, a “1” must be written to the corresponding bit in the register.
Writing a “0” to the register is required for the Address Out mode. The register has a default
value of “0” after reset.

Direction Register

This register is used to control the direction of data fiow in the I1/O ports. Writing a “1” to
the corresponding bit in the register configures the port to be an output port, and a “0”
forces the port to be an input port. The I/O configuration of the port pins can be determined
by reading the Direction Register. After reset, the pins are in input mode.

Open Drain Register

This regisfer determines whether the output pin driver of Port C or D is a CMOS driver or
an Open Drain driver. Writing a “0” to the register selects a CMOS driver, while a “1” selects
an Open Drain driver.

Special Function Register

Writing a “1” bit to this register sets up the corresponding pin to operate in Special Function
Out mode.

PLD - I/0 Register

This is a read only status register. Reading a "1" indicates the corresponding pin is
configured as a PLD pin. A "0" indicates the pin is an I/O pin.

Data In Register
This register is used in the Standard MCU /O Mode configuration to read the input pins.

Data Out Register

This register holds the output data in the Standard MCU I/O Mode. The contents of the
register can also be read.

" Macrocell Out Register

This register enables the user to read the outputs of the GPLD macrocell (PA, PB, and PE
macrocells).

1/0 Register Address Offset

The I/O Register can be accessed by the microcontroller during normal read/write bus
cycles. The address of a register is defined as:

CSIOP + register address offset

The CSIOP is the base address that is defined in the ABEL file and occupies a 256 byte
space. The register address offset lies within this 256 byte space. Tables 15 and 15a are
the address offset of the registers.
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(Cont.) Address Offset
Register Name Port A Port B PortC | PortD Port E
Data In 00 01 10 11 20
Control 02 03 12 13 22
Data Qut 04 05 14 15 24
Direction 06 07 16 17 26
Open Drain 18 19
Special Function 08 09 28
PLD - I/O 0A 0B 2A
Macrocell Out oC 0D 2C

Table 15a. Register Address Offset
(For 16-bit Motorola Microcontrollers in 16-bit mode. Use Table 15 if 8-bit mode is selected.)

Address Offset

Register Name Port A Port B Port C Port D Port E
Data In 01 00 " 10 21
Control 03 02 13 12 23
Data Out 05 04 15 14 25
Direction 07 06 17 16 27
Open Drain 19 18

Special Function 09 08 ) 29
PLD - /O 0B 0A 2B
Macrocell Out oD oC 2D
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9.3.11 Port A - Functionality and Structure

Port A is the most flexible of all the |/O ports. It can be configured to perform one or more
of the following functions:

Q Standard MCU I/O Mode

Q PLD /O

[ Address Out — latched address lines assigned to pins PA[0-7]

(J Address In — input port for other lines, inputs can be latched by ALE.

(J Special Function Out — pins PAO — PA3 can be configured as dedicated timer outputs.
J Peripheral I/O

Figure 21 shows the structure of a Port A pin. I the pin is configured as an output port, the
multiplexer selects one of its four inputs as output. If the pin is configured as an input, the
input connects to :

1. Data In Register as input in Standard MCU I/O Mode

or

2. PA Macrocell as PLD input

or

3. PA Macrocell as Address In input (latched for multiplexed bus).

9.3.12 Port B - Functionality and Structure

Port B is similar to Port A in structure. It can be configured to perform one or more of the
following functions:

[d Standard MCU I/O Mode
1 PLD /O

(J Address Out — address lines A[0-7] for 8-bit multiplexed bus, or address lines
A[8-15] for 16-bit multiplexed bus are assigned to pins PB[0-7].

(J Special Function Out — pins PBO - PB3 are configured as dedicated Timer outputs.

Figure 22 shows the structure of a Port B pin. If the pin is configured as an output port, the
multiplexer selects one of its four inputs as output. If the pin is configured as input, the input
connects to : .

(J Data In Register as input in Standard MCU 1/O Mode
or
(J PB Macrocell as PLD input
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Figure 21. Port A Pin Structure
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Figure 22. Port B Pin Structure
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9.3.13 Port C and Port D - Functionality and Structure
Port C and D are identical in function and structure and each can be configured to perform
one or more of the following operating modes:
(d Standard MCU I/O Mode
(J PLD Input — direct input to ZPLD
[ Address Out — latched address outputs
— Port C: A[0-7] are asigned to pins PC[0-7]
~ Port D: A[0-7] for 8-bit multiplexed bus, or A[8-15] for 16-bit multiplexed bus are
assigned to pins PD[0-7]
(J Data Port
— Port C: D[0-7] for 8-bit non-muitiplexed bus
— Port D: D[8-15] for 16-bit non-multiplexed bus
(J Open Drain — select CMOS or Open Drain driver

Figures 23 and 24 show the structure of a Port C or D pin. If the pin is configured as output
port, the multiplexer selects one of the two inputs as output. If the pin is configured as input,
the input connects to :

[J Data In Register as input in the Standard MCU 1/O Mode
or
(J ZPLD input

9.3.14 Port E - Functionality and Structure
Port E can be configured to perform one or more of the following functions:

J Standard MCU I/O Mode
Q PLD 11O
(J Address Out — latched address lines A[0-7] are assigned to pins PE[0-7].

(J Special Function Out - in this mode, Port E pin is configured as an output port for the
following signals:
PE2 — INTERRUPT - interrupt output from Interrupt Controller
PE4 — Terminal Count output, Timer0
PES — Terminal Count output, Timer1
PE6 — Terminal Count output, Timer2
PE7 — Terminal Count output, Timer3

[ Alternate Function In — in this mode, the inputs to Port E pins are:
PEO — BHE/ or PSEN/ or WRH/ or UDS/ or SIZ0
PE1 — ALE
PE3 — TIMERO-IN :load/store/enable/ disable input to Timer 0
PE4 - TIMER1-IN :load/store/enable/disable input to Timer 1
PE5 - TIMER2-IN :load/store/enable/disable input to Timer 2
PE6 — TIMER3-IN :load/store/enable/disable input to Timer 3
PE7 — APD CLK :clock input for Automatic Power Down Counter

Figure 25 shows the structure of a Port E pin. The Control Logic block selects one of four
sources through the multiplexer for pin output. If the pin is configured as input, the input
goes to:

(J Data In Register as input in Standard MCU I/O Mode
or

O PE Macrocell as PLD input

or

(1 Alternate Function In
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Figure 23. Port C Pin Structure
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Figure 24. Port D Pin Structure
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Figure 25. Port E Pin Structure
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9.4
Memory
Block

The PSD5XX provides EPROM memory for code storage and SRAM memory for scratch
pad usage. Chip selects for the memory blocks come from the DPLD decoding logic and are
defined by the user in the PSDsoft Software. Figure 26 shows the organization of the
Memory Block.

All PSD families use Zero-power memory techniques that place memory into standby
between MCU accesses. The memory becomes active briefly after an address transition,
then delivers new data to the outputs, latches the outputs, and returns to standby. This'is
done automatically and the designer has to do nothing special to benefit from this feature.

9.4.1 EPROM

The PSD5XX provides three EPROM densities: 256Kbit, 512Kbit or 1Mbit. The EPROM

is divided into four 8K, 16K or 32K byte blocks. Each block has its own chip select signals
(ESO - ES3). The EPROM can be configured as 32K x 8, 64K x 8 or 128K x 8 for
microcontrollers with an 8-bit data bus. For 16-bit data buses, the EPROM is configured as
16K x 16, 32K x 16, or 64K x 16.

9.4.2 SRAM

The SRAM has 16Kbits of memory, organized as 2K x 8 or 1K x 16. The SRAM is enabled
by the chip select signal RS0 from the DPLD. The SRAM has a battery back-up (STBY)
mode. This back-up mode is invoked when the V¢ voltage drops under the VSTBY voltage
by 0.6 V. The VSTBY voltage is connected only to the SRAM and cannot be lower than

2.7 volts. The SRAM Data Retention voltage is 2 volts.

9.4.3 Memory Select Map

The EPROM and SRAM chip select equations are defined in the ABEL file in terms of
address and other DPLD inputs. The memory space for the EPROM chip select

(ESO — ES3) should not be larger than the EPROM block (8KB, 16KB or 32KB) it is
selecting.

The following rules govern how the internal PSD5XX memory selects/space are defined:

[J The EPROM blocks address space cannot overlap
(J SRAM, internal I/O and Peripheral I/O space cannot overlap

(J SRAM, internal I/O and Peripheral I/QO space can overlap EPROM space, with briority
given to SRAM or I/O. The portion of EPROM which is overlapped cannot be accessed.

The Peripheral /O space refers to memory space occupied by peripherals when Port A is
configured in the Peripheral /O Mode.
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Figure 26. Memory Block Diagram (128KB EPROM)
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9.4.4 Memory Select Map For 8031 Application

The 8031 family of microcontrollers has separate code memory space and data memory
space. This feature requires a different Memory Select Map. Two modes of operation are
provided for 8031 applications. The selection of the modes is specified in the PSD5XX
PSDsoft Software (PSDconfiguration):

(1 Separate Space Mode
In this mode, the PSEN signal is used to access code from EPROM, and the RD signal
is used to access data from SRAM. The code memory space is separated from the data
memory space.

[J Combined Space Mode
In this mode, the EPROM can be accessed by PSEN or RD. The EPROM is used for
code and data storage. The memory block's address space cannot overlap.

If data and code memory blocks must overlap each other, the RD signal can be included as
an additional address input in generating the EPROM chip select signals (ESO — ES3). In
this case the EPROM access time is from the RD valid to data valid. Figures 27a and 27b
show the memory configuration in the two modes.

In some applications it is desirable to execute program codes in SRAM. The PSD5XX
provides this option by enabling PSEN to access SRAM. To activate this option, the
SRCODE bit of the VM Register must be set to “1” (see Table 16). SRAM space can
overlap EPROM space and has priority when PSEN is used.

Table 16. VM Register

Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bito
* * * * * * SRCODE PIO
1=0ON [ 1=0ON

* = Reserved for future use, bits set to zero.
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Figure 27a. 8031 Memory Modes
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Peripheral I1/0

9.4.5 Peripheral 1/0

The Peripheral /0 Mode is one of the operating modes of Port A. In this mode, Port A
is connected to the data bus of peripheral devices. Port A is enabled only when the
microcontroller is accessing the devices, otherwise the Port is tri-stated. This feature
enables the microcontroller to access external devices without requiring buffers and
decoders. Figure 28 shows the structure of Port A in the Peripheral /O Mode.

The memory address space occupied by the devices are defined by two signals: PSELO
and PSEL1. The signals are direct outputs from the DPLD. Whenever any of the signals is
active, the Port A driver is enabled, and the direction of the data flow is determined by the
RD/WR signals.

The Peripheral /0O Mode and the peripheral select signals are configured and defined in the
PSDsoft Software (see the section on /O Port for configurations). The PIO bit in the VM
Register (see Table 16) also needs to be set to “1” by the user to initialize the Peripheral I/O
Mode.

The Peripheral I/O mode can be used, for example, in DMA applications where the
microcontroller does not support DMA operations, such as tri-stating the address/data bus.
Figure 29 shows a block diagram of a microcontroller and PSD5XX based design that
makes use of this mode. In this application, the microcontrolier has a multiplexed bus which
is connected to the ADIO port. The C and D ports connect to the peripheral address bus
and are both configured in Address Out Mode. Port A is configured in the Peripheral /O
mode and is connected to the peripheral data bus. Port B and E are used to generate
control signals.

During normal activity, the microcontroller has access to any peripheral (memory or 11O
device) through the PSD5XX device. When there is a DMA request, the microcontroller
tri-states the address bus on Port C and D by writing a “0” to the port Direction Registers.
The DMA controller then takes over the data and address buses after receiving
acknowledgement from the microcontroller.

Figure 28. Port A In Peripheral I/0 Mode
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Figure 29. PSD5XX Peripheral I/0 Configuration
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Power
Management
Unit

The PSD5XX provides many power saving options. By configuring the PMMRs (Power
Management Mode Registers), the user can reduce power consumption. Table 17 shows
the bit configuration of the PMMRO0 and PMMR1. The microcontroller is able to control the
power consumption by changing the PMMR bits at run time.

9.5.1 Standby Mode
There are two Standby Modes in the PSD5XX:

(J Power Down Mode
(J Sleep Mode

9.5.2 Power Down

In this mode, the internal devices are shut down except for the 1/O ports. There are three
ways the PSD5XX can enter into the Power Down Mode: by controlling the CSl input,
by activating the Automatic Power Down (APD) Logic, or when none of the inputs are
changing and the turbo bit is off.

Q The CSI

The CSl input pin is an active low signal. When low, the signal selects and enables the
PSD5XX. The PSD5XX enters into Power Down Mode immediately when the signal
turns high. This signal can be controlled by the microcontroller, external logic or it can
be grounded.

The CSI turns off the internal bus buffers in standby mode. The address and control
signals from the microcontroller are blocked from entering the ZPLD as inputs.

(1 The APD Logic
The APD unit enables the user to enter a power down mode independent of controlling
the CSl input. This feature eliminates the need for external logic (decoders and latches)
to power down the PSD. The APD unit concept is based on tracking the activity on the
ALE pin. If the APD unit is enabled and ALE is not active, the 4-bit APD counter starts
counting and will overflow after 15 clocks, generating a PD (Power Down) signal
powering down the PSD. If sleep mode is enabled, then PD signal will also activate the
sleep mode. Immediately after ALE starts pulsing the PSD will get out of the power
down or sleep mode.

The operation of APD is controlled by the PMMR (see Figure 30a). PMMR1 bit O selects
the source of the APD counter clock. After reset the APD counter clock is connected to
PE7 (APD_CLK) on the PSD. In order to guarantee that the APD will not overflow there
should be less than 15 APD clocks between two ALE pulses. If CLKIN frequency is
adequate, then it can be connected to the APD and PE7 is used for other functions.

The next step is to select the ALE power down polarity. Usually, MCUs entering power
down will freeze their ALE at logic high or low. By programming bit 1 of PMMRO the
power down polarity can be defined for the APD. If the APD detects that the ALE is

in the power down polarity for 15 APD counter clocks then the PSD will enter a power
down mode. To enable the APD operation, bit 2 in the PMMRO should be set high.

9.5.3 Sleep Mode

The Sleep Mode is activated if the SLEEP EN bit, the APD EN bit, and the ALE Polarity bit

in the PMMR are set, and the APD Counter has overflowed after 15 clocks (see Figure 30).
In Sleep Mode the PSD5XX consumes less power than the Power Down Mode, with typical
lce reduced to 10 pA (1 pA for ZPSD5XX devices).

In this mode, the Counter/Timers, the Interrupt Controller and the ZPLD stili monitor their
inputs and respond to them. As soon as the ALE starts pulsing, the PSD5XX exits the
Sleep Mode.

The PSD access time from Sleep Mode is specified by t ypyi. The ZPLD response time to
an input transition is specified by t ypya.
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Figure 30. Power Management Unit
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Table 17. Power Management Mode Registers (PMMRO, PMMR?1)

PMMRO
Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
TMRCLK| ZPLD ZPLD ZPLD CMISER APD ALE I?D *
RCLK ACLK TURBO ENABLE | Polarity
1=0FF | 1=0FF | 1=0FF | 1=0FF 1=0N 1=0ON [ 1=HIGH
Bit0 * = Should be set to High (1) to operate the APD.

Bit1 0 = ALE Power Down (PD) Polarity Low.
1 = ALE Power Down (PD) Polarity High.
Bit2 0 = Automatic Power Down (APD) Disable.
1 = Automatic Power Down (APD) Enable.
Bit3 0 = EPROM/SRAM CMiser is OFF.
1 = EPROM/SRAM CMiser is ON.
Bit4 0 = ZPLD Turbo is ON. ZPLD is always ON.
1 = ZPLD Turbo is OFF. ZPLD will Power Down when inputs are not changing.
Bit5 0 = ZPLD Clock input into the Array from the CLKIN pin input is connected. Every
Clock change will Power Up the ZPLD when Turbo bit is OFF.
1 = ZPLD Clock Input into the Array from the CLKIN pin input is disconnected.
Bit6 0 = ZPLD Clock Input into the the MacroCell registers from the CLKIN pin input
is connected.
1 = ZPLD Clock Input into the the MacroCell registers from the CLKIN pin input
is disconnected.
Bit7 0 = In the PSD5XX Clock Input is connected to the Timer.
1 = In the PSD5XX Clock Input is disconnected from the Timer.
PMMR1
Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Sleep APD CLK
L * * * * *
Mode
1=0ON |1=CLKIN
Bit0 0 = Automatic Power Down Unit Clock is connected to Port E7 (PE7) alternate
function input.
1 = Automatic Power Down Unit Clock is connected to the PSD Clock
input (CLKIN).
Bit 1 0 = Sleep Mode Disabled.

1

= Sleep Mode Enabled.
Bit 2—-7 0 = Reserved for future use, should be set to zero.

Table 18. APD Counter Operation

- ALE Power
APD EN Bit Down Polarity ALE Status APD Counter
0 X X Not Counting
X Pulsing Not Counting
1 1 1 Counting (Activates Standby
Mode After 15 Clocks)
1 0 0 Counting (Activates Standby
Mode After 15 Clocks)

...,“
iy
iy
|
m!
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9.5.4 Other Power Saving Options

The PSD5XX provides additional power saving options. These options, except the SRAM
Standby Mode, can be enabled/disabled by setting up the corresponding bit in the PMMR.

QO EPROM

The EPROM power consumption in the PSD is controlled by bit 3 in the

PMMRO0 - EPROM CMiser. Upon reset the CMiser bit is OFF. This will cause the
EPROM to be ON at all times as long as CSl is enabled (low). The reason this mode is
provided is to reduce the access time of the EPROM by 10 ns relative to the low power
condition when CMiser is ON. If CSl is disabled (high) the EPROM will be deselected
and will enter standby mode (OFF) overriding the state of the CMiser.

If CMiser is set (ON) then the EPROM will enter the standby mode when not selected.
This condition can take place when CSl is high or when CSl is low and the EPROM is
not accessed. For example, if the MCU is accessing the SRAM, the EPROM will be
deselected and will be in low power mode.

An additional advantage of the CMiser is achieved when the PSD is configured in the
by 8 mode (8 bit data bus). In this case an additional power savings is achieved in the
EPROM (and also in the SRAM) by turning off 1/2 of the array even when the EPROM
is accessed (the array is divided internally into odd and even arrays).

The power consumption for the different EPROM modes is given in the DC
Characteristics table under Igc (DC) EPROM Adder.

O SRAM Standby Mode

The SRAM has a dedicated supply voltage Vgygy that can be used to connect a
battery. When V¢ becomes lower than Vgrgy —0.6 then the PSD will automatically
connect the Vgrgy as a power source to the SRAM. The SRAM Standby Current (Istgy)
is typically 0.5 uA.

SRAM data retention voltage Vpr is 2 V minimum.

Q Zero Power ZPLD

ZPLD power/speed is controlled by the ZPLD_Turbo bit (bit 4) in the PMMRO. After
reset the ZPLD is in Turbo mode and runs at full power and speed. By setting the bit to
“1”, the Turbo mode is disabled and the ZPLD is consuming Zero Power current if the
inputs are not switching for an extended time of 100 ns. The propagation delay time will
be increased by 10ns after the Turbo bitis set to “1” (turned off) if the inputs change at a
frequency of less than 15 MHz.
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Power Q Input Clock

Management The PSD5XX provides the option to turn off the clock inputs to save AC power
Unit consumption. The clock input (CLKIN) is used as a source for driving the following
(Cont.) modules:

(J ZPLD Array Clock Input

(1 ZPLD MacroCell Clock Flip Flop
(J APD Counter Clock

[ Counter/Timers Clock

During power down or if any of the modules are not being used the clock to these
modules should be disabled. To reduce AC power consumption, it is especially important
to disable the clock input to the ZPLDS array if it is not used as part of a logic equation.

The ZPLD Array Clock can be disabled by setting PMMRO bit 5 (ZPLD ACLK). The ZPLD
MacroCell Clock Input can be disabled by setting PMMRO bit 6 (ZPLD RCLK). The Timer
Clock can be disabled by setting PMMRO bit 7 (TMR CLK). The APD Counter Ciock

will be disabled automatically if Power Down or Sleep Mode is entered through the APD
unit. The input buffer of the CLKIN input will be disabled if bits 5 — 7 PMMRO are set and
the APD has overflowed.

The Counter/Timers can operate in Sleep Mode if the TMR CLK bit is low, but the power
consumption will be based on the frequency of operation (CLKIN frequency).

Summary of PSD5XX Timing and Standby Current During Power Down

and Sleep Modes
PLD PLD Access Access
Propagation Recovery Time Recovery

Delay Time To Time To
Normal Normal
Operation Access

Power Down Normal tpp 0 No Access tvov

. (Note 1) .
Sleep tvove twova No Access tLvpv
(Note 2) (Note 3)

NOTES: 1. Power Down does not affect the operation of the ZPLD. The ZPLD operation in this mode is based
only on the ZPLD_Turbo Bit.
2. In Sleep Mode any input to the ZPLD will have a propagation delay of t;ypva.
3. PLD recovery time to normal operation after exiting Sleep Mode. An input to the ZPLD during the
transition will have a propagation delay time of t\ypva.

Table 20. 1/0 Pin Status During Power Down And Sleep Mode

Port Configuration Pin Status

IO Port Unchanged
ZPLD Output Depend on Inputs to the ZPLD
Address Out Undefined

Data Port Tri-stated
Special Function Out Depending on Status of Clock Input
Peripheral I/O Tri-stated
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9.6
PSD5XX
Counter/Timer

General Description

The PSD5XX contains a powerful set of four 16 bit Counter/Timers, each controlled by
either PPLD outputs, external pins or Software. The Counter/Timers aid the user in
counting external events and/or generating accurate delays. These can be operated

as Counters or Timers. In Event-count, time capture and WatchDog modes, the
Counter/Timers work as Counters, whereas in Waveform and Pulse modes they work as
Timers. All Counter/Timers are capable of generating interrupts through the On-Board
Interrupt Controller. Each of the Counter/Timers consist of a Counter/Timer Command
register, Counter/Timer Image register and Counter/Timer register. All four Counter/Timers
share a Global command register, a Software Load/Store register, a Freeze command
register and the Status register. Counter/Timer 2 can support WatchDog operations.

All Counter/Timers share a common clock input and Delay Cycle register used in scaling
down the input clock to the Counter/Timer. The maximum resolution of the Counter/Timer
is the input clock of the PSD5XX divided by four. The maximum input clock frequency to
the PSD5XX is 30 MHz. Figures 31 and 32 describe the general features of the
Counter/Timers.

Features
[J Four 16 bit Counter/Timers.

(J Five modes of operation
- Waveform Mode

Pulse Mode

Event Counter Mode

Time Capture Mode

WatchDog Mode*

Each Counter/Timer can be controlled by an input pin, dedicated PPLD macrocell or
software.

[

(W

Each Counter/Timer has an output to the Interrupt Controller.

C o

The WatchDog output is routed through the PLD and can be programmed to be
output at any PLD output pin.

U

Programmable input and output polarity.

()

Counter/Timer can be programmed as UP or DOWN Counter, except in
WatchDog mode.

[ All Counters have the operating frequency range of DC to 7.0 MHz
(i.e 143 ns maximum resolution at 7.0 MHz). Higher resolution can be achieved
by using in conjunction with the GPLD macrocelis.

(3 High resolution Divisor unit for Counter clocking purposes.

[d Can easily interface with any 8 or 16 bit Microcontroller or Microprocessor.

See Process Change Notice related to Event Count Mode on page 148.

(*) Counter/Timer-2 can operate in WatchDog mode.
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Figure 31. Counter/Timer
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Counter/Timer and Interrupt Controller Interface with Other Internal Blocks

Figure 32.
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9.6.1 Counter/Timer Operation

There are four identical 16 bit Counter/Timers CNTRO,CNTR1,CNTR2 and CNTR3 and
associated Counter/Timer image registers IMGO0,IMG1,IMG2 and IMG3. Refer to Table 21
for counter name and register correspondence. All Counter/Timers share a common clock
source. Each Counter/Timer can be operated in either WAVEFORM / PULSE mode or
EVENT COUNTER/TIME CAPTURE mode. Counter 2 can be set up as a Watchdog timer in
both modes. Note that in Event Counter/Time Capture mode COUNTER 2 can only be set
up as a Watch Dog Counter/Timer, whereas in the Waveform/Puise mode Counter 2 can be
configured as a Pulse or Waveform generator or as a Watchdog timer. Refer to Table 24 for
possible combinations of Counter/Timer modes and refer to Figure 33 for additional details.

Each Counter/Timer can be controlled by an input pin or through a dedicated PPLD
macrocell output or by software. Counter/Timer outputs are available through port A or
port B pins in alternate function mode (Refer to the chapter on 1/O ports). Polarity of
these inputs/outputs is software programmable. The following sections describe various
command and data registers that need to be initialized for proper function of these
Counter/Timers.

9.6.1.1 Counter/Timer Operating Modes

The PSD5XX Counter/Timer has five basic modes of operation: The Waveform and Pulse
or Event Counter, Time Capture, and Watchdog. The Waveform and Pulse modes cannot
be used in conjunction with Event and Time Capture modes. Both Waveform/Pulse or
Event Count/Time Capture modes can set Counter 2 into the fifth mode of operation, the
“WatchDog” mode.

The basic functional element used in all these modes is the Counter/Timer unit (CTU)
illustrated in Figure 33. This block consists of a 16 bit increment/decrement Counter, and a
16 bit image register with various control signals. The key function of the image register is
to enable microcontroller access of the Counter without asynchronously interrupting the
Counter. Software can configure each Counter/Timer using the associated Command
register. The Counter/Timer of the PSD5XX employs four CTUs to realize the various
modes of operation.

Table 21. Registers Used By Counters

Counter Name - Counting Register Image Register
Counter 0 CNTRO IMGO
Counter 1 CNTR1 IMG1
Counter 2 CNTR2 IMG2
Counter 3 CNTR3 IMG3
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Figure 33. Inside of Each CTUx (x
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9.6.1.2 Waveform Mode

In Waveform mode, the Counter/Timer is capable of producing various pulse-width
modulated (PWM) signals. The Waveform mode in the PSD5XX is realized using two CTUs
(COUNTER/TIMER UNITs) in the following combinations:

CTUO & CTU1 or CTU2 & CTUS.

The outputs of CTUO and CTUZ2 are available at Port A and Port B. Refer to Tables 25 and
26 for further details and configuration of these ports. CTU1 and CTUS3 are internally
connected to CTUO and CTU2. The Waveform mode is illustrated in Figure 34 which shows
a typical PWM waveform and the time slots in which two CTUs are active. The Waveform
period is the sum of the counts for CTUQ and CTU1 (see equation 1), while the duty cycle is
given by equation 2. The Duty cycle of a waveform can be changed by loading a new value
into the corresponding IMAGE register, and as soon as a Terminal Count is generated this
new value gets loaded into the CTU. Note that the end of a CTU time slot is indicated with
Terminal Count signal of the active CTU. The Terminal Count signals are used to signal the
transfer of active status between CTUs. The Terminal Count is true whenever the Counter
underflows while decrementing or when the Counter overflows while incrementing.

PERIOD of the waveform generated
= COUNT HIGH + COUNT LOW..(1)

DUTY Cycle of the Waveform Generated
_ COUNT HIGH
COUNT HIGH + COUNT LOW......(2)

The timing of various pulses that create a Waveform signal in the above example is defined
by the Microcontrolier via image register updates of the CTUO and CTU1. The contents of
an image register are loaded or copied to the associated Counter under any of the following
conditions:

J Terminal Count of CTU1 and/or CTU3 pulses to transfer active status to CTUO
and/or CTU2.

(O An input pin (port E) pulses (If enabled by software).
(1 A PPLD macrocell output pulses (If enabled by software).

[J A command register bit is written to by the Microcontroller, i.e., a software
Load/Store (load).

A Waveform output is first initialized and then later modified by setting its two corresponding
software Load/Store bits after loading of the Image Registers. If the Counter/Timer register
is directly loaded by the MCU, it gets overwritten by the associated Image register contents
as soon as the Counter/Timer is active. The configuration of the CTU in the waveform mode
is schematically illustrated in Figure 35.

The output polarity during the CTUO time slot is controlled by bit 3 in the Counter/Timer
command register. The output polarity during the CTU1 time slot is defined as the
complement of the CTUO polarity. Similarly, the polarity of the input pin is controlled by bit 4
in the Counter/Timer command register. This description of the waveform mode of operation
applies to CTU2 and CTU3 also.

In order to change the image register values, use the Freeze/Freeze Acknowledge protocol
as described in the Freeze Command Register section.
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Figure 34. Sample Waveform (PWM) and CTU Time Slots
(Using Counters/Timers 0 and 1)

TERMINAL
COUNT O
TERMINAL
COUNT 1

OUTPUT
WAVEFORM

| CTU1ACTIVE | CTUOACTIVE | CTU1ACTIVE | CTUOACTIVE |

CTUO ACTIVE

* Output Waveform is available at pin PAO or PBO depending on the PSDsoft fitter pin assignment.
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9.6.1.3 Pulse Mode

In Pulse mode, the Counter/Timer is capable of generating a one shot pulse. The Pulse
width of the generated pulse is defined by the value loaded into the associated image
register of the timer. If the Counter/Timer register is directly loaded by the MCU, it gets
overwritten by the associated Image register contents as soon as the Counter/Timer

is active. Each CTU is capable of pulse mode. As soon as the Timer is active,

i.e. decrementing or incrementing, a pulse is output until the Timer underflows or overflows.
The pulse waveform is illustrated in Figure 36. The active level of this pulse is defined
again by a command register bit. As can be seen in Figure 37, the pulse is triggered by any
of the following events:

[ Transition on the input pin (Port E) (If enabled by software).
J PPLD magcrocell output pulses (If enabled by software).
O Command register bit is written to by a Microcontroller (Software load).

As in the waveform mode, the polarity of the input pin is defined by a command register
bit and the Freeze/Freeze Acknowledge must be used whenever the image register is
modified.

The outputs of CTUO, CTU1, CTU2 and CTU3 are available at Port A and Port B. Refer to
Tables 25 and 26 for further details and configuration of these ports.

9.6.1.4 Event Counter Mode

In this mode, the Counter/Timer uses the CTU to count a number of events. An event is
defined as a signal-transition on the Counter’s input pin as defined by the input polarity
configuration bit in the Command Registers or a Low to High transition on the PPLD
Macrocell output. In this mode, the image register of the CTU is used to store the contents
of the Counter at the rising edge of the Load/Store signal. This is opposed to the previous
two modes in which the image register was used to load the Counter. Figure 38 shows the
configuration of the CTU for the event-Counter mode. Notice that the enable signal is edge
sensitive. Its source is either:

(d Pin Driven.
[ PPLD Macrocell Driven.

All Counter/Timer registers must be assigned values during initialization in the Event
Counter mode. During normal operation, the CTU increments or decrements its count
when an event occurs. The image register is then immediately updated with the current
count. The microcontroller can read the contents of the image register by first setting the
command-register Freeze bit in order to disable count updates of the image register during
its read operation. The microcontroller waits for a freeze acknowledge and then accesses
the image register in the usual fashion. The Freeze signal effectively guarantees stable
image register data during microcontroller read access, even though the CTU continues to
count events. During the Freeze Acknowledge active state, the counter continues counting.
Note that for an event to be counted the events must be separated by at least one timer
clock period plus two CLKIN clock periods.
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Figure 36. Sample Pulse-Mode Waveform

OUTPUT
WAVEFORM

TERMINAL
COUNT

PULSE
TRIGGER
EVENT

CTU INACTIVE /P

CTU ACTIVED BY A
LOAD/STORE PULSE

CTU INACTIVE
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Figure 37. CTU Control Signals For Pulse Mode
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9.6.1.5 Time Capture Mode

In the time capture mode, the Counter/Timer is capable of measuring the time

(by counting clock pulses) between events. Figure 39 shows the CTU configuration for
time capture. All the Counter/Timer registers must be cleared during initialization of the
Time Capture mode. Here the Counter is enabled to count via software only. The CTUs
continuously count. A Load/Store pulse triggers the storing of the Counter’s contents into
the associated image register. The image register effectively contains a “snap shot” of the
Counter at the time of the pulse. The CTU Store input is edge-triggered by events, the
events being:

{J Pin Driven.
(1 PPLD Macrocell Driven.

(1 Software Driven.

A Freeze signal is used to ensure that image data is stable during Microcontroller reads
which is similar to the description of event Counter Microcontroller read accesses. Two
CTUs in time capture mode can be used to capture the rising and the falling edges of a
pulse, the difference of the measurements being the pulse width. The counter continues to
count regardless of the Freeze Acknowledge state.

Note that the time span between two consecutive edges of Time Capture must be greater
than one timer clock cycle in order to be captured.

9.6.1.6 WatchDog Counter/Timer

Counter/Timer-2 can be operated as a WatchDog Timer in both Waveform/Pulse and Event
count/time capture modes. In Event count/time capture mode, Counter/Timer-2 can be
configured only as WatchDog. Figure 40 shows the control signals of the CTU when in
WatchDog mode. When the WatchDog mode is active, CTUZ2 counts down and at the
terminal count of Counter-2 a WatchDog condition occurs. To avoid the WatchDog from
occurring, a "Write" to the Software Load/Store Bit-2 in the "Software Load/Store Register"
has to take place before the Counter-2 underflows. This action reloads the Counter-2 with
the initial count value in the Image Register-2. Note that this initial count value cannot be
changed after the WatchDog mode is enabled.

The Terminal Count signal of a WatchDog could result in a pulse width that is equal to the
count value loaded into the Image Register of Counter/Timer-2. The active high WatchDog
pulse from Counter 2 is routed through the PPLD, enabling the user to inverse its polarity or
implement any other logic before driving the WatchDog output on a user defined I/O pin.
This signa! could be used to drive a RESET pin or trigger a Non-Maskable interrupt on a
processor. Once Counter/Timer-2 is set to the WatchDog mode, it cannot be reconfigured
by software and it can get out of the WatchDog mode only by a RESET.

When the WatchDog is enabled in Power Down and Sleep modes, it remains active
regardiess of the state of bit 7 (TMR CLK) in Power Management Mode Register PMMRO.

The WatchDog mode is enabled by setting the WatchDog bit in the global command
register. Setting up the command register for CTU2 is not required except when CTU3 is
configured in pulse mode. In this case, bit 0 of the command register for CTU2 is set to “1”.
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Figure 39. CTU Control Signals For Time Capture Mode
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Figure 40. CTU Control Signals For WatchDog Mode
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9.6.1.7 Terminal Counts (TCs)

The terminal counts (TCO — TC3) generated by the Counter/Timers are made available

at Port E as outputs or as feedbacks to the ZPLD. Refer to Table 27a for pin assignments.
The terminal counts can be used to concatenate the 16-bit Counter/Timers into a

larger counter. Only the trailing edge of the TC signal can be used as input to another
Counter/Timer. For example, concatenating CTUO and CTU1 requires the following

PPLD equation in the PSDabel file:

mc2tmrl = ltcO;
In order for a TC signal to come out, its respective bit in the Port E Special Function Out
Register must be set to 1. TC signals on Port E pins can be used as inputs to the ZPLD.

A TC signal goes high for the duration of at least four CLKIN periods whenever its
corresponding Timer Counting-Register overflows or underflows.

Figure 41 gives the timing relationship between CLKIN and the TC signal.

Figure 41. Timing Relationship Between CLKIN and the TC Signal.

4 CLKIN PERIODS

|
|

CLKIN

30ns 30ns

TC - SIGNAL

NOTES: 1. Overflow occurs when a counter vaiue changes from FFFFh to 0000h during incrementing.
2. Underflow occurs when a counter value changes from 0000h to FFFFh during decrementing.

9.6.1.8 Counter/Timer Clock Input

All Counter/Timers 0 through 3 have a common clock source. The Counter/Timers are
clocked from the output of a highly flexible and high resolution Divisor unit. The Divisor's
input is the external Clock input pin. The Divisor DIV is a number in the range of

4 <= DIV <= 280. Refer to Table 22 for exact values of DIV for different clock values.
Figure 42 details the PSD5XX Counter clock generation.

The Counter/Timer CLOCK input
_ (External Clock input)
(DIV)

where DIV= N*K and N = (4 + DLCY).

The value of K depends on the Scale-Bit (Bit 0 in the Global Command Register) in the
“Global Command Register” , K = 8 when Scale-Bit is set to 1 and K = 1 when Scale-Bit is
set to 0. DLCY is the number of Delay Cycles in the range of 0 <= DLCY <= 31 set up in the
Delay Cycle Register. The fastest clock to service the Counter/Timer is = (Clock input / 4).
The maximum External Clock input value is 28 MHz and the fastest internal count frequency
is 7.0 MHz, i.e., a resolution of 143 ns. (Higher resolution can be achieved by using in
conjunction with GPLD macrocells). The default value of DIV is 4 (following a reset both K
and DLCY contain zeroes).
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g{,’,%at’ on Table 22. DLCY, Scale Bit and DIV to Generate Different Clock Divisions

DLCY Scale Bit DIV DLCY Scale Bit DIV
0 0 4 1 1 40
1 0 5 2 1 48
2 0 6 3 1 56
3 0 7 4 1 64
4 0 8 5 1 72
5 0 9 6 1 80
6 0 10 7 1 88
7 0 1 8 1 96
8 0 12 9 1 104
9 0 13 10 1 12
10 0 14 1 1 120
1 0 15 12 1 128
12 0 16 13 1 136
13 0 17 14 1 144
14 0 18 15 1 152
15 0 19 16 1 160
16 0 20 17 1 168
17 0 21 18 1 176
18 0 22 19 1 184
19 0 23 20 1 192
20 0 24 21 1 200
21 0 25 22 1 208
22 0 26 23 1 216
23 0 27 24 1 224
24 0 28 25 1 232
25 0 29 26 1 240
26 0 30 27 1 248
27 0 31 28 1 256
28 0 32 29 1 264
29 0 33 30 1 272
30 0 34" 31 1 280
31 0 35

Sample Calculation of Timer Input Clock
External input clock to the PSD5XX is 8 MHz.

If required Counter/Timers 0 — 3 count frequency is 1 MHz then
The Counter/Timer CLOCK Input

(External Clock input)
- o

8 MHz
(DIV)

1MHz =

=> (DIV) = 8

Therefore from Table 22 when (DIV) = 8, the Scale-Bit in the “Global Command Register” is
set to a 0 and the DLCY register to a value of 4.
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9.6.2 Counter/Timer Registers

Registers CNTRO,CNTR1,CNTR2 and CNTR3 serve as actual counting logic. Registers
IMGO,IMG1,IMG2 and IMG3 serve as images of these Counter/Timers. Depending upon the
selected mode of operation, a Counter can load a new value or transfer its content to the
image register. Registers IMGO - IMG3 and CNTRO - CNTR3 are accessible to the
Microcontroller only before setting the start bit (Bit 1 in the Global Command Register).
When CNTRO-CNTR3 are active, the value in the read operation is not guaranteed to be
stable and during a write operation there could be contention between the image register
write and microcontroller write. Therefore the access of registers CNTRO-CNTR3 should
be suspended when the Counter/Timers are active. Only IMGO, IMG1, IMG2 and IMG3
registers are accessible when the Counter/Timers are active.

Tables 23 and 23a give the address map for the various port and Counter/Timer-unit
registers. This address offset map is of the host processor, relative to CSIOP (Chip Select
Input Output Port) i.e. address space allocated by the host Microcontroller to access all the
PSD5XX embedded peripherals.

Table 23a is for 16-bit Motorola Microcontrollers which require different address offsets.

Table 23. Offset Address Map of Counter/Timer-Unit Registers

Ag;;;zsts Register Name Ag#;ists Register Name

+A%h STATUS FLAGS +A8h GLOBAL COMMAND
+ABh DLCY

+A5h SOFTWARE LOAD/STORE +A4h FREEZE COMMAND

+A3h CMD3 +A2h CMD2

+A1h CMD1 +A0Oh CMDO

+9Fh CNTR3 +9Eh CNTR3

+9Dh CNTR2 +9Ch CNTR2

+9Bh CNTR1 ' +9Ah CNTR1

+99h CNTRO +98h CNTRO

+97h IMG3 +96h IMG3

+95h IMG2 +94h IMG2

+93h IMG1 : +92h IMG1

+91h IMGO +90h IMGO
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Counter/Timer Table 23a. Offset Address Map of Counter/Timer-Unit Registers

Registers (For 16-Bit Motorola MCUs in 16-Bit Mode. If 8-Bit Mode is selected, use Table 23.)
(cont) Ag ;;.; t;sts Register Name Ag#ls'zsts Register Name

+A8h STATUS FLAGS +ASh GLOBAL COMMAND

+A7h DLCY

+Adh SOFTWARE LOAD/STORE +A5h FREEZE COMMAND

+A2h CMD3 +A3h CMD2

+A0h CMD1 +A1h CMDo

+9Eh CNTR3 +9Fh CNTR3

+9Ch CNTR2 +9Dh CNTR2

+9Ah CNTR1 +9Bh CNTR1

+98h CNTRO +98h CNTRO

+96h IMG3 +97h IMG3

+94h IMG2 +95h IMG2

+92h IMG1 +93h IMG1

+90h IMGO +91h IMGO

Registers IMGO through IMG3 are written to by the microcontroller to load the
Counter/Timers with required values in Waveform, Pulse and WatchDog mode only.

To retrieve the count or time in Event count or Time capture modes, Counter/Timers store
their values into IMGO through IMG3.

Any access to the Image Registers must conform to the Freeze/Freeze Acknowledge
protocol, described later in the Freeze Command paragraph.
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9.6.2.1 Global Command Register
This is used to specify the operation mode of the Counter/Timer and to start or stop the

Counter/Timer. Therefore during the initialization of the Counter/Timer registers, the Global
Command Register should always be configured last.

Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
* * * * Watch Global Counter | Scale
Dog Mode Start

NOTE: * = Not used.
At RESET all bits come up as 0’s.

Watch Dog Bit:

When this bit is

0: Watch Dog mode is NOT selected.

1: Watch Dog Counter/Timer (Counter 2) is active. This bit can be
turned off by RESET only.

NOTE: Whenever this bit is set to 1, the COUNTER START bit should
also be set to 1. Otherwise the Counter/Timer will always be off,

i.e., once this bit is set, access to Counter 2 Registers and the Global
Command Registers are blocked.

Global Mode Bit:

When this bit is setto a

0: All Timers/Counters are set to Waveform or Pulse Mode.

1: All Timers/Counters are set to operate in Event Counter or Time
Capture Mode.

NOTE: Further selection of modes is done in individual CMD registers.

Counter Start Bit:

When this bit is set to
0: ALL CTUs are disabled and can be re-initialized.
1: ALL CTUs are enabled.

Scale Bit: -

When this bit is set to
0: The clock to all Counter/Timers is divided by 1.
1: The clock to all Counter/Timers is divided by 8.
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Counter/Timer 9.6.2.2 Command Registers for Counter/Timers CMDO, CMD1, CMD2, CMD3:

Registers Each of the Counter/Timer units (CTU) has one Command Register associated with it.

(Cont.) A description of these various CTU command bits is provided below. Refer to CSIOP
Tables 23 and 24 for their addresses and selection details. Figure 43 describes the
Command Register bits.

The following is the description of Counter/Timer0 CMDO register bits. Bits in CMD1, CMD2
and CMD3 have similar descriptions. Refer to Figure 43 also.

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Enable/ Software Pin/ Input Output Select Increment/| Mode
Disable Gating PPLD Polarity Polarity Counter | Decrement| Select
Using Bit for Macrocell
Pin, Load/

PPLD Store cmd
Macrocell | Using Pin
or or PPLD

Software | Macrocell

NOTES: 1. At RESET these bits come up as Os.
2. In WatchDog Mode, CMD2 register bits are Don't Cares.

Mode Select Bit (0): This bit selects the Counter/Timer0 operation mode. After
RESET Counter/Timer0 initializes in waveform/event count
mode. When this bit is set to
1: The Counter/Timer0 operates in Pulse/Time capture

modes.
0: The Counter/Timer0 operates in Waveform/Event count
modes.

NOTE: See Table 24 for details of Timer mode set up.

Increment/Decrement Bit (1): This bit is used to set the Counter/Timer in increment or
-decrement mode. The RESET state is Decrement mode.
When this bit is set to
1: The Counter/Timer0 is in increment mode.
0: The Counter/Timer0 is'in decrement mode.

NOTE: In WatchDog mode Counter #2 is in decrement
mode only.

Select Counter Bit (2): This bit is used to select or deselect Counter/TimerO0.
At RESET this bit initializes as 0 which means
Counter/TimerQ is deselected. When this bit is set to
1: Counter/Timer0 is selected (counting enabled).
0: Counter/Timer0 is deselected (counting disabled).

After a Counter/Timer is started by the Global Command Register, it can be re-configured by
changing the individual Command Register. The steps to re-configure a Counter/Timer are:

1. Disable the Counter/Timer by writing a “0” to the Select Counter Bit (bit 2) of the
Command Register.

2. Change the Counter/Timer configuration by writing the new value (bit 2 remains at “0”)
to the Command Register.

3. Enable the Counter/Timer again by writing the new value with bit 2 set to “1” to the
Command Register.

...,,,
i
i
p[

;
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Command Registers for Counter/Timers CMDO, CMD1, CMD2, CMD3 (Cont.)

Output Polarity Bit (3):

This bit is valid only in Waveform or Pulse mode and is
used to select the polarity of the Active output signal

of the Counter/Timer0. At RESET this bit initializes as 0
which means the Active output state is LOW. When this bit
is setto a

1: The Active output state is HIGH.

0: The Active output state is LOW.

Input Polarity Bit (4):

The state of this bit determines the polarity of the Active
input control signal to the Counter/Timer0 and is valid only
for input pin. At RESET this bit initializes as 0 which means
that the input Active is HIGH. When this bit is set to a

1: The input Active is LOW.

0: The input Active is HIGH.

Pin / PPLD Macrocell Bit (5):

This bit determines whether the Counter/Timer0 gets its
input command for Load/Store and Enable/Disable from
the PSD5XX PIN or from the PPLD macrocell output.
At RESET this bit initializes as 0 which means that the
input command is coming from the PSD5XX PPLD
macrocell. When this bit is set to a
1: The Counter/Timer0 input command is coming from
the PIN.

0: The Counter/Timer0Q input command is coming
from the PPLD macrocell output.

Software Gating Bit for
Load/Store Commands (6):

This bit gates the Load/Store command activated by the
PSD5XX PIN or PPLD macrocell. At RESET this bit
initializes as 0 which means that the Load/Store command
activated by the PIN or macrocell is permitted through.
When this bit is set to

1: Load/Store operation activated by PIN or Macrocell is
NOT permitted through.

0: Load/Store operation activated by PIN or macrocell is
permitted through. To further decide between the PIN
and PPLD macrocell, use bit 5 (PIN/PPLD macrocell).

Enable/Disable Using PIN,
PPLD Macrocell or Software
Bit (7):

This bit determines whether the Enable/Disable

command is activated by the PSD5XX Pin, PPLD macrocell
or by Software. At RESET this bit initializes as 0, which
means that the Enable/Disable command is activated by
the PIN or PPLD macrocell. When this bit is set to

1: Enable/Disable command by PIN or macrocell is
overridden by Software (only Bit 2 of this register will
enable or disable the counter).

0: Enable/Disable command is activated by PIN or
Macrocell output. To further decide between the PIN and
PPLD macrocell use bit 5 (PIN / PPLD macrocell bit).
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9.6.2.3 Configuring the Mode of Operation of the Counter/Timers:

Using the GLOBAL MODE bit of the Global Command register and MODE SELECT bit of
the Command register of Counter/Timers 0-3, individual Counter/Timer modes of operation
can be set up. Refer to Table 24. Notice that all the Counter/Timers can either operate in
Waveform/Pulse or Event Count/Time Capture modes, but not in all four modes at the same
time.

Table 24. Counter/Timer Modes

Mode Select Bit
Global Mode Bit [{Command Wodes Modes
(Global Command c:;sggr% ist:ers 00unt:r/1' imers of
Register) 0 - 3 CMDO, CMDT, 0, 1and 3 Counter/Timer2

CMD2 and CMD3)

0 0 Waveform w:;:gg or

Pulse or

0 1 Pulse WatchDog

1 0 Event Counter WatchDog Only

1 1 Time Capture WatchDog Only

9.6.2.4 Freeze Command Register

When a Microcontroller needs to access the contents of the Image Registers (IMGO-IMG3)
it does so by first setting the Command Register Freeze bit in order to disable the timer
state-machine accesses of the Image Register. The Microcontroller waits for the Freeze
Acknowledge bit in the Counter/Timer Status Register to be set to 1 and then it accesses
the Image Register as an address location. The freeze acknowledge signal effectively guar-
antees stable Image Register data during Microcontroller read/write cycles even though the
Counter/Timer continues to count. The Freeze Acknowledge bit gets cleared after the
negation of Freeze. The Freeze Command bits are set and cleared by the microcontroller
software. : ’

The Freeze Command Register and the software Load/Store Register should not be set at
the same time. It is recommended that the registers be accessed individually.

Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 BitO
* * * * Freeze Freeze Freeze | Freeze
CTU3 CTu2 CTU1 CTuUO

NOTE: » = Not used.




PSD5XX Family

Counter/Timer

Registers
(Cont.)

9.6.2.5 Software Load/Store Register:

Each bit in this register enables a load to the corresponding Counter/Timer from its
associated Image Register in Waveform, Pulse or WatchDog modes. The actual counts
are stored in their corresponding Image Register in event Counter or time capture modes.
Bit 6 of the Command Register must be set to “1” before writing to the software load/store

register.
Bit7 | Bit6é | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
* * * Software Software Software Software
Load/Store 3 | Load/Store 2 | Load/Store 1 | Load/Store 0

NOTE: * = Not used.

Software Load/Store 0 Bit:

If this bit is set to

1: Counter/Timer0 CNTRO gets loaded from the Image
Register IMGO or CNTRO stores into IMGO based on the
mode of operation™**.

Software Load/Store 1 Bit:

If this bit is set to

1: Counter/Timer1 CNTR1 gets loaded from the Image
Register IMG1 or CNTR1 stores into IMG1 based on the
mode of operation™.

Software Load/Store 2 Bit:

If this bit is set to

1: Counter/Timer2 CNTR2 gets loaded from the Image

Register IMG2.

Software Load/Store 3 Bit:

If this bit is set to

1: Counter/Timer3 CNTR3 gets loaded from the Image
Register IMG3 or CNTR3 stores into IMG3 based on the
mode of operation*”.

**| oad operation takes place in Waveform, Pulse and WatchDog mode.
Store operation takes place in Event Count and Time Capture mode.

The Software load/store bits are automatically cleared by the served Counter.

In addition to four CTU registers, there are delay cycle and Counter/Timer status registers.

These are summarized on the following pages.
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9.6.2.6 Status Flags Register

There are eight READ-ONLY status flags. The lower four bits represent Freeze
Acknowledge bits.

Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
* * * * FrezAck3 FrezAck2 FrezAck1 FrezAckO
NOTES: At RESET all these bits intialize as 0's.
* = Not used.
FrezAck Bits

These Freeze Acknowledge bits are useful in the Freeze/Freeze Acknowledge protocol.
After the Microcontroller senses that the FrezAck bit is being set it proceeds to access the
Image Register for a read or write operation.

FrezAckO Bit: When this bitis
1: Image Register Access is granted.
0: Image Register Access is not granted.

FrezAck1 Bit: When this bitis
1: Image Register Access is granted.
0: Image Register Access is not granted.

FrezAck2 Bit: When this bitis
1: Image Register Access is granted.
0: Image Register Access is not granted.

FrezAck3 Bit: When this bit is
1: Image Register Access is granted.
0: Image Register Access is not granted.

DLCY Register:

Bits <4:0> of the DLCY register are used to assign Delay Cycles to the Counter/Timer.
Various Clock Scaling values possible are 0 through 31°(decimal).

At RESET these bits initialize as 0. If necessary, the user has the option to set these bits up

" to generate Delay Cycles (DLCY) to scale down the Counter/Timer clock (see Table 24).

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

* * * DLCY4 DLCY3 | DLCY2 | DLCY1 | DLCYO

NOTE: » = Notused.
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9.6.2.7 Load/Store

The Load operation transacts an Image Register (e.g. IMGO) write into its Counter/Timer
Register (e.g. CNTRO0), whereas in the Store operation the Counter/Timer Register (e.qg.
CNTRO) writes back into the Image Register (e.g. IMGO).

These signals are valid only when a Counter/timer is active. They are rising edge sensitive
and are used to Load a Counter with a required value or to Store the Counter value in the
associated Image Register.

In Waveform, Pulse and WatchDog modes the microcontroller writes into an Image
Register. The respective Counter/Timer uses that value as its initial counting value. The
data transfer operation from an Image Register into its corresponding counter is called
LOAD. In Event Counting and Time Capture modes the Counter/Timer counts event pulses
or timer clock cycles, respectively. An external event or a software command ¢an cause a
data transfer from the counting element into its Image Register. This operation is defined as
STORE.

These operations are triggered by:

J Software command

U Terminal count (in Waveform mode only)
(J PPLD macrocell output

Q Input Pin

Refer to Counter/Timer Command Register and Figure 43 for specific details.

9.6.2.8 Enable/Disable

These signals are used to enable or disable the counting of the Counter/Timers. These
signals are controlled by:

(J Software command (Bits 2 and 7 of the Command Registers).
O PPLD macrocell output
O Input Pin

Event Count Mode:

In Event Count mode the Enable/Disable signal is edge sensitive and is connected to the
event input signal through the PPLD or pin. In Time Capture mode the Enable/Disable
signal can be set by a software command only.

Refer to Counter/Timer Command Register and Figure 43 for specific details.

9.6.2.9 Counter/Timer Input/Output

Each Counter can use individual control inputs in port E as input Load/Store or
Enable/Disable signals, and Counter/Timer outputs in port A or port B by selecting alternate
and special functions on the pins assigned to them. The outputs are used in waveform and
pulse modes in which the Counters generate output waveforms or pulses. The inputs can
be used in all modes of operation except WatchDog to create the LOAD/STORE and/or
ENABLE/DISABLE control signals. Port E can be configured as outputs for Terminal Count.
Terminal Count is also available as ZPLD inputs (via pin feedback). Refer to Tables 25, 26
and 27 for further details and configuration of these ports.

9.6.2.10 PPLD Macrocell

The enable/disable or load/store inputs of each Counter/Timer can be selected through a
PPLD macrocell, whose inputs are two product terms PTTQ and PTT1 from the PPLD’s
AND-array. The polarity of the PPLD macrocell output is programmable. The output of the
PPLD macrocell which is the enable/disable and/or Load/Store input to the Counter/Timer
can be in a Combinatorial mode or Register mode. Figure 44 shows the details of the PPLD
macrocell. Refer to the “ZPLD” section for further information on the PPLD.
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9.6.2.11 1/0 - PortA, B, E

Ports A, B and E have the capabilities for counter/timer alternate and special functions,
e.g. Counter/Timer out, load/store, enable/disable, etc. Refer also to the chapter on I/O
ports for further details.

Special Function Assignment
Port A:

Timer outputs in Pulse or Waveform modes can be tapped out of these pins: PAO — PA3.
In order for the following timer outputs to drive their corresponding port pins, set the
respective bits in the Special Function Register of Port A to ones.

Table 25.
Port Pin Special Function Out
PAO TimerQ_out
PA1 Timer1_out
PA2 Timer2_out
PA3 Timer3_out
Port B:

Timer outputs in Pulse or Waveform modes can be tapped out of these pins: PBO — PB3.
In order for the following timer outputs to drive their corresponding port pins, set the
respective bits in the Special Function Register of Port B to ones.

Table 26.
Port Pin Special Function Out
PBO TimerO_out
"PB1 Timer1_out (in Pulse Mode Only)
PB2 Timer2_out
PB3 Timer3_out (in Pulse Mode Only)

The decision which of Port A or B pins are used as timer outputs is done by the
PSDsoft fitter.
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(Cont.) Port E:

Timer[3:0] _inputs can have different control functions such as timer LOAD/STORE and/or
ENABLE/DISABLE, based on how these pins are configured in the Timer Command

Registers.
Table 27.
Port Pin Alternate Function In
PE3 TimerQ_in
PE4 Timer1_in
PE5 Timer2_in
PE6 Timer3_in

The Terminal Counts (TCO — TC3) generated by each Counter/Timer are available at Port E
{pins PE4 — PE7) as shown in Table 27a.

Table 27a.
Port Pin Special Function Out
PE4 TCO
PES TC1
PE6 TC2
PE7 TC3

To Connect TCO — TC3 to Port.E pins, set the corresponding bits in the Special Function
Register to “1”.
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9.6.2.12 Sample Counter/Timer0 Initialization In PULSE Mode

Following is a sample initialization routine for Counter/Timer0Q to operate in PULSE mode.
The assembly language commands do not correspond to any particular microcontroller.
Configure CSIOP for Microcontroller access to Counter/Timer registers and I/O ports for
initialization of Counter/Timers. For the values of each register, refer to Tables 30 and 31.

Use PSDsoft supplied by WSI to configure the portion related to Counter/Timers. Also refer
to the Section on the PSD5XX I/O Ports.

Clear All Counter/Timers

LOAD CNTRO, 0000h ; Clear Counter/Timer 0
LOAD CNTR1, 0000h ; Clear Counter/Timer 1
LOAD CNTR2, 0000h ; Clear Counter/Timer 2
LOAD CNTR3, 0000h ; Clear Counter/Timer 3

Scaling of Clock (common to all Counter/Timers)

LOAD DLCY, 02h ;Delay Cycles(DLCY) = 2, k value is selected in
;Global Register by setting Scale-Bit

Counter/Timer 0 Initialization (Command Register0 CMDO)

LOAD CMDO, 6Fh ;Pulse mode (D0 =1)
;Increment (D1 = 1)
;Select Counter/Timer (D2 = 1)
;Output Pulse Active High (D3 = 1)
:Load Signal on Input pin High going transition (D4 = 0)
;input control from PIN (not PPLD macroceli) (D5 = 1)
;:Load&Store control activated by Pin (D6 = 0)
;Enable count (D7 = 1)

LOAD IMGO,FFF7h ;Load Counter/Timer0 Image Register with count (pulse width)
;needed (pulse duration of 8 timer clock cycles)

LOAD Special Reg A,1 ;Configure PAO as A timer = 0 output by writing a “1” to Port A
;Special Function Register

Global Register Configuration

LOAD Giobal, 03h ;Non WatchDog mode
:Pulse mode
;All CTUs enabled
;Scale-Bit = 1
;Input clock is divided by 6

Now if Pin PE3 on port E is input with a high going signal:

(J This signal causes Counter/Timer0 to get a value (FFF7h) loaded from its
associated image register (IMGO) and causes the Counter/Timer0 to start counting
from FFF7h (increment) until it overflows and issues a Terminal Count0 (TCOQ).

(J During counting Port A pin (PA0) outputs a high going one-shot pulse with a width
equal to (Max count possible — initial count value loaded, i.e. 8 timer clock cycles
in this example).

[ If the interrupt controller is configured to receive TCO, it will cause the interrupt
INTO to occur.
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9.7
Interrupt
Controller

General Description

The PSD5XX includes logic for sensing, masking, priority decoding and identifying up to
eight internal interrupts. The PSD5XX interrupt controller can generate interrupts from two
dedicated PPLD product terms, two PPLD Macrocell outputs and four terminal-count
outputs of the Counter/Timer unit.

The four interrupts generated by the PPLD can be user defined using the WSI PSDsoft
Windows compatible PC based software. Figure 45 details the basic building blocks

of the PSD5XX Interrupt Controller and Figure 46 shows its interface with other sections of
the PSD5XX.

Features
The PSD5XX interrupt controller has the following features:
Can accept eight interrupt inputs

PPLD product terms, PPLD Macrocell outputs and Terminal Counts (TCs) of
Counter/Timers can cause interrupts.

Interrupts generated from the PPLD canbe user defined.

All interrupt inputs are priority decoded, IR7 has highest priority and IR0 the
lowest priority.

Each interrupt can be configured as either EDGE or LEVEL sensitive using the
EDGE/LEVEL register.

Each interrupt can be individually masked using a mask register.

At RESET all interrupts are MASKED.

Interrupt Request Latch provides the status of all interrupts.

Reading an Interrupt vector location clears the corresponding pending interrupt.

Any of these interrupts trigger a GLOBAL interrupt output available as an output at port
E (PEZ2) and/or as an input to the PPLD.

ool O oL Qd

9.7.1 Interrupt Operation

On RESET all Registers and Latches are cleared and all interrupts are masked. During
initialization of the interrupt controller, relevant interrupts are un-masked and defined
whether EDGE or LEVEL sensitive. When one or more interrupts are raised high,

- the “interrupt request latch” latches in all the non-masked interrupts. A 3-bit priority encoder

assigns the priority to the non-masked pending interrupts. The MCU (microcontroller)

can clear the Edge-sensitive pending interrupts by reading the “Interrupt Read Clear
Register”. Level-sensitivé interrupts continue to be pending even after the MCU reads’the
“Interrupt Read Clear Register”. The MCU would typically service each interrupt in
sequence according to priority. Refer to Table 28 regarding priorities of various interrupts.
Any of these interrupts trigger a GLOBAL interrupt output available as an input to the PPLD
(INTR2PLD) and as output at port E (PE2). Refer to Figures 45 and 46 for details of the
interrupt architecture.

Table 28. Interrupt Priority Table

Interrupt Priority
IR7 HIGHEST
IR 6 A
IR5 A
IR 4 A
IR3 A
IR 2 A
IR 1 A
IR 0 LOWEST




Figure 45. Interrupt Controller Block Diagram
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Figure 46. Interrupt Controller Interface With Other Internal Blocks
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Interrupt Operation (cont.)

9.7.1.1 Command Registers

All the eight interrupts can be individually masked using a mask register. Writing “ones”
into these mask bits enables the associated interrupts. RESET masks all interrupts.
Interrupts can also be defined as either LEVEL sensitive or EDGE sensitive using a
sensitivity bit in the interrupt edge/level sensitivity select register.

Tables 29 and 29a give the address map for various port and interrupt Command/Status
Registers. This address offset map is of the host processor, relative to the CSIOP

(Chip Select Input Output Port) i.e., address space allocated by the host Microcontroller to
access all the PSD embedded peripherals.

Table 29. Offset Address Map of Interrupt Registers

Address Register Name Address Register Name
Offset Offset
+D4h Interrupt Read Clear
+D3h Interrupt Mask +D2h Interrupt Edge/Level
Select
+D1h Interrupt Request Latch +D0h Interrupt Priority Status

Table 29a. Offset Address Map of Interrupt Registers
(For 16-Bit Motorola MCUs in 16-Bit Mode. If 8-Bit Mode is selected, use Table 29.)

Address Register Name Address Register Name
Offset Offset
+D5h Interrupt Read Clear
. Interrupt Edge/Level
+D2h Interrupt Mask +D3h Select
+DOh Interrupt Request Latch +D1h Interrupt Priority Status

The Interrupt Registers listed in Tables 29 and 29a are described below.

Interrupt Mask Register

Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Mask7 Mask6 Maskb Mask4 Mask3 Mask2 Mask1 MaskO

Bits mask 0 ... mask 7 correspond to interrupt O ... interrupt 7.
When these bits are set to

1 Unmasked
0 Masked

At RESET these bits initialize as 0 and all interrupts are masked.
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Interrupt Operation (cont.)

Interrupt Edge/Level Select Register

Bit7

Bit 6

Bit5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Sense7

Senseb

Senseb

Sense4d

Sensed

Sense?2

Sense1

Sense0

Bits sense 0 ... sense 7 correspond to interrupt O ... interrupt 7.
When these bits are set to

1 = LEVEL sensitive
0 = EDGE sensitive (positive edge)

At RESET these bits initialize as 0 i.e., all interrupts come up as Edge sensitive.

Interrupt Read Clear Register

This is a read only register. Reading this register during initialization clears all the pending
edge sensitive interrupts.

Interrupt Request Latch Register

Bit 7

Bit 6

Bit5

Bit 4

Bit3

Bit 2

Bit 1

Bit0

ir7

ire

irs

ird

ir3

ir 2

ir 1

iro

Bits ir 0...ir 7 correspond to interrupt O ... interrupt 7.
When any of these bits are set by the interrupt controller to a “1”, the corresponding
Interrupt is pending service.

The MCU can read the interrupt request latch which shows the status of all interrupts. The
entire interrupt request latch can be cleared by reading the Interrupt Read Clear Register,

but Level sensitive interrupts cannot be cleared.

Interrupt Priority Status Register

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

*

*

*

*

vect 2

vect 1

vect O

NOTE: * = Reserved for future use, bits set to zero.

The value of these 3 bits (vect2, vect1 and vect0) indicates the highest priority of the
interrupt to be serviced among multiple interrupts pending. Refer to the table above for
priorities of various interrupts. Reading this register clears the highest pending interrupt.
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Interrupt Operation (cont.)

9.7.2 Input/Output

Interrupt inputs INT4 and INT5 originate from two dedicated PPLD product terms PT2INT4
and PT2INT5. Interrupt inputs INT6 and INT7 originate from the outputs of the PPLD
Macrocells MC2INT6 and MC2INT7 as described in the next section and the remaining
interrupt inputs INTO through INT3 originate from four Terminal-Count (TC) outputs of the
Counter/Timers. If an External event has to cause an interrupt in the PSD5XX, it has to be
routed through the PPLD.

Regarding output from the Interrupt Controller, whenever an unmasked interrupt occurs, a
Global Interrupt signal is generated. The Global Interrupt signal can be used as a ZPLD
input (INTR2PLD). Refer to Figure 45 for details. It can also be driven off the chip by using
the special-function out capability of Port E (PE2) as INTR_OUT. In either case, the Global
Interrupt indicates to the MCU that an internal PSD5XX interrupt has occurred. Refer to the
section on /O ports for specific details of setting up the port functions.

9.7.3 PPLD Macrocell

interrupt inputs INT6 and INT7 originate two dedicated PPLD Macrocells. Each of these
PPLD Macrocells have two product terms as inputs that are inputted into a PPLD Macrocell
as shown in Figure 47. The outputs of both PPLD Macrocells MC2INT6 and MC2INT7 are
either Combinatorial or Register mode. The polarity of the product terms is programmable.
Refer to the section on “ZPLD” for further reference on the PPLD.

9.7.4 Interrupt Flowchart
The flowchart in Figure 48 explains the overall initialization and the servicing
of the interrupts.
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Figure 47. PPLD Interrupt Macrocell
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Figure 48. Interrupt Flowchart
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10.0
Page
Register

The Page Register is 4 bits wide and consists of four D flip flops.The outputs of the Register
(PGRO — PGR3) are connected to the input bus of the ZPLD. By including the four outputs
as inputs to the DPLD, the addressing capability of the microcontroller is increased by a
factor of 16.

Figure 49 shows the Page Register block diagram. Inputs to the four flip flops are connected
to data bus DO-D3. The output of the Register can be read by the microcontroller. The
Register can operate as an independent register to the microcontroller if page mode is not
implemented.

Figure 49. Page Register

RESET ES0-3
DPLD

PGRO | -------

DO Qo
D1 a1 |—EER > GPLD

PGR2
DO - D3 D2 QR2f———»r----- -

ﬁ PGR3

D3 Q3

\
h)
h]
h)
o

PAGE ZPLD
R/IW —— REGISTER

11.0
Security
Protection

The PSD5XX has a programmable security bit which offers protection from unauthorized
duplication. When the security bit is set, the contents of the EPROM, the PSD5XX
non-volatile configuration bits and ZPLD data are prevented from being read by EPROM
programmers.

The security bit is set through the PSDsoft Software and is embedded in the compiled
output file. The security bit is UV erasable and a secured part can be erased and then
re-programmed.
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12.0 The CSIOP signal, which is generated by the DPLD, selects the internal I/0 devices or
System registers. The CSIOP signal takes up 256 bytes of address space and is defined by the user
Confiauration in the PSDSoft Software. The following is an address offset map for the various devices

9 relative to the CSIOP base address.

Some Motorola 16-bit microcontrollers have a different data bus/data byte orientation. This
requires a different address offset for the internal PSD5XX I/O devices or registers. Tables
30a and 31a in this section are for this group of microcontrollers which include the
M68HC16, M68302 and M683XX.

The following table is the address map offset of the I/O port registers.

Table 30. I/0 Register Address Offset

Address Offset

Register Name Port A Port B Port C Port D Port E
Data In 00 01 10 11 20
Control ' 02 03 12 13 22
Data Out 04 05 14 15 24
Direction 06 07 16 17 26
Open Drain 18 19

Special Function 08 09 28
PLD -1/O 0A 0B 2A
Macroceli Out 0oC 0D 2C

Table 30a. I/0 Register Address Offset
(For 16-Bit Motorola MCUs in 16-Bit Mode. If 8-Bit Mode is selected, use Table 30.)

Address Offset

Register Name Port A PortB Port C PortD Port E
Data In 01 00 11 10 21
Control 03 02 13 12 23
Data Qut 05 04 15 14 25
Direction 07 06 17 16 27
Open Drain 19 18

Special Function 09 08 29
PLD - 11O 0B 0A 2B
Macrocell Out oD 0C 2D
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Table 31. Other Register Address Offset

Register Name Agg,; ists Register Name Ag;;; Zsts
PAGE REGISTER EO
INTR. READ CLEAR D4
INTR. MASK D3 INTR. EDGE/LEVEL D2
INTR. REQUEST D1 INTR. PRIORITY DO
LATCH STATUS
VM Co
PMMRH1 B1 PMMRO BO
STATUS FLAGS A9 GLOBAL COMMAND A8
DLCY A6
D DT ORE A5 FREEZE COMMAND A4
CMD3 A3 CMD2 A2
CMD1 A1 CMDO A0
CNTR3 9F CNTR3 9E
CNTR2 9D CNTR2 9C
CNTR1 9B CNTR1 9A
CNTRO 99 CNTRO 98
IMG3 97 IMG3 96
IMG2 95 IMG2 94
IMGH1 93 IMG1 92
IMGO 91 IMGO 90
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Table 31a. Other Register Address Offset
(For 16-Bit Motorola MCUs in 16-Bit Mode. If 8-Bit Mode is selected, use Table 31.)

Register Name A:;_; Zsts Register Name Ag;;zsts
PAGE REGISTER E1
INTR. READ CLEAR D5
INTR. MASK D2 INTR. EDGE/LEVEL D3
INTR. REQUEST DO INTR. PRIORITY D1
LATCH STATUS
VM C1
PMMR1 BO PMMRO B1
STATUS FLAGS A8 GLOBAL COMMAND A9
DLCY A7
Eg;g\gﬁggE A4 FREEZE COMMAND A5
CMD3 A2 CMD2 A3
CMD1 A0 CMDO Al
CNTR3 9E CNTR3 9F
CNTR2 9C CNTR2 9D
CNTR1 9A CNTR1 9B
CNTRO 98 CNTRO 99
IMG3 96 IMG3 97
IMG2 94 IMG2 g5
IMG1 92 IMG1 93
IMGO 90 IMGO 91
Table 32. I/0 Register Function
Register Name Register Function
Data In This Register is used to read the input on the port pins.
Control A "0” sets the corresponding port pin in Address Out Mode.
A 1" sets the pin in MCU I/O Mode.
Data Qut Holds the output data in the MCU 1/O Mode.
Direction This register is used to control the data flow in the 1/O ports.
A 0" sets the corresponding pin as an input pin.
A 1" sets the pin as an output pin.
Open Drain A "0" sets the corresponding pin driver as a CMOS driver.

A "1” sets the pin driver as an Open Drain Driver.

Special Function

A "1"” sets the corresponding port pin as Timer or Interrupt Output.

PLD - 1/O

A read only status register; a "1"” indicates the corresponding pin
is configured as a PLD pin.

Macrocell Qut

This register holds the outputs of the GPLD macrocells.
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Table 33. Other Register Function

Register Name

Register Function

PAGE REGISTER

A 4-bit register that supports paging.

INTR. READ Reading this register clears all the pending edge sensitive
CLEAR interrupts.

INTR. Define interrupt input as level or edge sensitive.
EDGE/LEVEL

INTR. MASK Mask selected interrupt input.

INTR. A "1” in the register indicates the corresponding interrupt is
REQUEST LATCH pending.

INTR. The register indicates which pending interrupt has the highest

PRIORITY STATUS

priority.

1. Configures the PSD SRAM to be accessed by "PSEN” as

VM program space (8031 design).

2. Enable the Peripheral I/O Mode of Port A.
PMMRO Power management registers; enable the PSD Power Down Mode
PMMR1 and other power saving configurations.
STATUS FLAGS Counter/Timer Freeze Acknowledge bits.
GLOBAL Specifies the Counter/Timer operation mode; and to start or stop
COMMAND the Counter/Timers.
DLCY Specifies the delay cycles to the Counter/Timers.
SOFTWARE This register enables a load (to the Counter/Timer) or store
LOAD/STORE (in the Image Register) operation.
FREEZE This register disables the timer state-machine before access to the
COMMAND Image Register is allowed.
CMD3-0 Command Registers for the configuration of the Counter/Timers.
CNTR3 - 0 The four 16-bit Counter/Timers. '
IMG3 -0 The Image Registers for CNTR3 — 0.
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12.1 Reset Input

The reset input to the PSD5XX (RESET) is an active low signal which resets some of

the internal devices and configuration registers. The Timing Diagram in the AC/DC
characterization section shows the reset signal timing requirement. The active low range has
a minimum T1 duration. After the rising edge of RESET, the PSD5XX remains in

reset during T2 range. (See Figure 59). The PSD5XX must be reset at power up before it
can be used.

12.2 ZPLD and Memory During Reset

While the Reset Input is active, the ZPLD generates outputs as defined in the PSDabel
equations. The EPROM and SRAM blocks respond to the microcontroller bus cycle during
reset, but the data is not guaranteed.

12.3 Register Values During and After Reset

Table 34 summarizes the status of the volatile register values during and after reset. The
default values of the volatile registers are “0” after reset.

12.4 ZPLD Macrocell Initialization

The D flip flops in the macrocells in the GPLD can be cleared by:

[ A product term (.RE) defined by the user, in PSDabel or

(J The MACRO-RST (Reset) input, enabled and defined in PSDabel.

The Timer and Interrupt Controller macrocells in the PPLD are always cleared by the
Reset input.

Table 34. Registers Reset Values

Register Name Device Reset State
Control PortA,B,C,D, E Set to “0” (Address Out Mode)
Data Out (data or address) | PortA,B,C,D, E Set to “0”

Direction PortA,B,C, D, E Set to “0” — Input Mode
Open Drain PortC, D Set to “0” — CMOS Outputs
Page Register Page Logic Set to “0”

PMMRO, PMMR1 Power Management Unit | Setto “0”

VM ’ Volatile Memory Set to “0”

DLCY Timer Set to “0"

CMDO - CMD3 Timer Set to “0”, Clear

Status Flags Timer Set to “0”, Clear

Global Command Timer Set to “0”, Clear
I(IIMN(?F(I):{E) I—MCGI\?TR 3 Timer Undefined

Interrupt Interrupt Controller Set to “0”, Disabled

Table 35. 1/0 Pin Status During Reset and Standby Mode

Port Configuration Reset Standby Mode

Port IO Iinput Unchanged

ZPLD Output Active Depend on Inputs to the ZPLD
Address Out Tri-stated Not Defined

Data Port Tri-stated Tri-stated

Depending on Status of

Tri-stated Clock Input to the Counter/Timer

Special Function Out

Peripheral /O Tri-stated Tri-state
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13.0
Specifications

13.1 Absolute Maximum Ratings

Symbol Parameter Condition Min Max | Unit
Tsta Storage Temperature CLDCC —65 +150 c
PLDCC -65 +125 °C
Commercial 0 +70 °C
Operating Temperature | Industrial -40 +85 °C
Military -55 + 125 °C
Voltage on any Pin With Respectto GND | -0.6 +7 \
Vop gﬁ,’,@r’\’,’c‘;‘lgge With RespecttoGND | —0.6 | +14 | V
Vece Supply Voltage With Respectto GND | -0.6 +7 Vv
ESD Protection >2000 \

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to Absolute Maximum Rating conditions for
extended periods of time may affect device reliability.

13.2 Operating Range

Speed Grades Available
Type Temperature Vee | Vo Tolerance Ld
-70 | -90 | -15 | -20 | -25
. +5V + 10% X X
Commercial 0° Cto +70°C
+3V + 10% X | X
_ +5V + 10% X
Industrial —-40° C to +85°C
+3V + 10% X
13.3 Recommended Operatihg Conditions
Symbol | Parameter Condition Min | Typ | Max | Unit
Vee Supply Voltage All Speeds 4.5 5.0 5.5 \"
ZPSD5XXV Versions
Vee Supply Voltage Only, All Speeds 2.7 3.0 5.5 \
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13.4 AC/DC Parameters
The following tables describe the AC/DC parameters of the PSD5XX family:
(J DC Electrical Specification
(J AC Timing Specification
® ZPLD Timing
— Combinatorial Delays

— Synchronous Clock Mode
— Asynchronous Clock Mode

® Microcontroller Timing
— Read Timing
~ Write Timing
— Peripheral Mode Timing
— Power Down and Reset Timing

® PSD5XX Specific Timings
— Counter/Timer Timing
— Interrupt Controller Timing

Following are some issues concerning the parameters presented:
(3 In the DC specification, the Supply Current is given for different modes of operation.
Before calculating the total power consumption, determine the percentage of time that

the PSD5XX is in each mode. Also the current is considerably different if the
ZPLD_TURBO bit is "OFF" and EPROM_CMISER is "ON".

(d The AC power component provides the ZPLD, EPROM, SRAM and TIMER mA/MHz
specification. Figure 50 shows the ZPLD mA/MHz as a function of the number
of Product Terms (PT) used.

[ In the ZPLD timing parameters add the required delay when ZPLD_TURBO is "OFF".

(3 In the MCU timing specification, add the required time delay when EPROM_CMISER
is "ON".

Figure 50. ZPLD Typical I;¢/Frequency Consumption (5 V)
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Specifications Figure 51. ZPLD Typical I¢ ¢/ Frequency Consumption (ZPSD5XXV Devices) (3 V)
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13.5 Example of PSD5XX Typical Power Calculation at Voo = 5.0 V

Conditions

Composite PLD input frequency (Freq PLD) = 8 MHz

MCU ALE frequency (Freq ALE) = 4 MHz
% EPROM Access = 80%
% SRAM access = 15%

% 1/O access
Operational Modes

5% (no additional power above base)

% Normal = 10%

% Sleep = 90%
Number of product terms used

(from fitter report) 45 PT

% of total product terms
Turbo = off )
CMiser = on
8-bit bus mode

29/118 = 24.6%

Calculation (typical numbers used)

Isleep x %sleep + %normal x (Icc (ac) + Icc (dc))

= lIsleep x %sleep + % normal x (%EPROM x 0.8 mA/MHz x Freq ALE
+ %SRAM x 1.4 mA/MHz x Freq ALE

+ %PLD x (from graph using Freq PLD))

10 A x0.90 + 0.1 x (0.8 x0.8 mA/MHz x 4 MHz
+0.15x 1.4 mA/MHz x4 MHz + 0.95 x 23

0.9 uA + 0.1 x (2.56 + 0.84 + 21.85)
09 uA +0.1x253
0.9 A + 253 mA

2.53 mA

Standby current consumption is handled similarly to sleep mode shown above.
Calculation based on lgyt = 0 mA.

Icc total
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13.6 DC Characteristics (5V + 10% Versions)

Symbol Parameter Conditions Min | Typ Max Unit
Vee Supply Voltage All Speeds 45 5 5.5 \
Viy High Level Input Voltage 45V <V <55V 2 Vee + 0.5 \
Vi Low Level Input Voltage 45V <Vec <55V -0.5 0.8 Vv
ViHi Reset High Level Input Voltage (Note 1) 0.8 Vo Vee + 05 \Y
Vil Reset Low Level Input Voltage (Note 1) -0.5 0.2 Ve 0.1 Vv
Vivs Reset Pin Hysteresis 0.3 Vv
Voo Output Low Voltage loo=20uA, Vec =45V 0.01 0.1 \
loL=8mA, Vec =45V 0.15 0.45 v
Vou 6utput High Voltage lon=~20 yA, Vec =45V 4.4 4.49 \
loH=—2mA, Vgc =45V 2.4 3.9 Vv
Vsgy SRAM Standby Voltage 27 Vee \
Isgy SRAM Standby Current Vee=0V 0.5 1 HA
lioLe Idle Current (Vstpgy Pin) Vee > Vsey -0.1 0.1 UA
Vor SRAM Data Retention Voltage Only on Vgrgy 2 \
lsg1 Standby Supply | Power Down Mode | CSI >Vcc-0.3 V (Note 2) 50 100 uA
(PSD5XX) | Current Sleep Mode CSl >Vcc —0.3 V (Note 3) 20 40 uA
lsg2 Standby Supply Power Down Mode | CSI >Voe =0.3 V (Note 2) 25 50 UA
(ZPSD5XX)| Current Sleep Mode CSl >Vcc —0.3 V (Note 3) 10 20 uA
I Input Leakage Current Vgg < Vin< Ve -1 +0.1 1 LA
ho Output Leakage Current 0.45 < V)N < Ve -10 +5 10 LA
ZPLD_TURBO = OFF, See lgg+
f = 0 MHz (Note 4) and Isgy HA
lec (DC) | Operating ZPLD Adder ZPLD_TURBO = ON,
(ﬁgte 4a) | Supply Current f=0MHz 400 700 HAPT
EPROM Adder f=0MHz 0 mA
SRAM Adder f=0MHz 0 mA
ZPLD AC Adder | Note 4 See 40 | mAMHz
Fig. 50
EPROM AC Adder gﬁﬁus g}l:(::)d o8 ? mAMHz
Icc (AC) All other cases 1.8 4 mA/MHz
(Note 4a) gz"b'ieb'u“s on ;:)d 14 27 | mAMHz
SRAM AC Adder (C1“£Its)irb_u sOrl:l‘ :(;1:) 5 4 mA/MHz
CMiser = OFF 38 7.5 mA/MHz
NOTES: 1. Resetinput has hysteresis. V| is valid at or below 0.2V —0.1. V) is valid at or above 0.8Vcc.

2. CSlis high or internal Power Down mode is active.

3. Sleep mode bit is set and internal Power Down is active.
4. See ZPLD Icc/Frequency Power Consumption graph for details.

4a. ]OUT =0 mA.
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13.7 AC/DC Parameters ~ ZPLD Timing Parameters (5 V + 10% Versions)

Combinatorial Delays (5 V + 10% Versions)

-70 -90** -15
ZPLD_TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
I/O Input or Feedback to
tep Combinatorial Output PortB, E 25 30 34 Add 10 ns
Registered Input to
trrPD Combinatorial Output (Note 1) 27 32 36 Add 10 ns
tea Input to Output Enable Any Input 25 28 32 Add 10 ns
ter Input to Output Disable Any Input 25 28 32 Add 10 ns
tamp Register Clear or Preset Any Input 27 30 34 Add 10 ns
Delay
Register Clear or Preset
tARPW Pulse Width Any Input 20 25 29 ns
tarD Array Delay 16 18 22 ns
NOTE: 1. Ports A, C, D and latched address from ADIO (A0, A1, A8-A15).
*If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 10 ns to the timing parameters.
**The -90 speed is available only on Industrial Temperature Range product.
Synchronous Clock Mode (5V + 10%)
-70 -90** -15
ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
Maximum Frequency .
External Feedback 1/(ts + teco) 30.30 27.03 25.00 MHz
Maximum Frequency _ ;
futax Internal Feedback (fon) 1/(ts+tco—10) 43.48 37.04 31.25 MHz
Maximum Frequency
Pipelined Data 1/{tcy + tel) 50.00 41.67 35.71 MHz
ts input Setup Time Any Input 15 17 20 Add 10 ns
th Input Hold Time Any Input 0 0 0 0 ns
tcH Clock High Time Clock Input 10 12 15 0 ns
teL Clock Low Time Clock Input 10 12 15 0 ns
tco Clock to Output Delay Clock Input 18 20 22 0 ns
tarD Array Delay for Product
Term Expansion Any Macrocell 16 18 22 0 ns
tavin Minimum Clock Period |tcu+toL 20 24 29 0] ns

*If ZPLD_TURBQ is off and the ZPLD is operating above 15 MHz, there is no need to add 10 ns to the timing parameters.
**The -90 speed is available only on Industrial Temperature Range product.
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AC/DC Parameters - ZPLD Timing Parameters (5V : 10% Versions)

Asynchronous Clock Mode (5V = 10% , Note 1)

-70 -90** -15
ZPLD_TURBO

Symbol Parameter Conditions Min | Max | Min | Max | Min | Max OFF* Unit

Maximum Frequency

External Feedback 1/{tsa + tcoa) 26.32 25.00 21.74 MHz

Maximum Frequency 1/(tsa+tcoa—10)
fmaxa | Internal Feedback (Note 1) 35.71 33.33 27.78 MHz

(fonra)

Maximum Frequency

Pipelined Data 1/(toH + teoL) 41.67 41.67 35.71 MHz
tsa Input Setup Time Any Input 8 8 12 Add 10 ns
tHA Input Hold Time Any Input 8 8 12 0 ns
tcHa Clock High Time Any Input 12 12 15 0 ns
tcla Clock Low Time Any Input 12 12 15 0 ns
tcoa Clock to Output Any Input

Delay to Port B 30 32 37 Add 10 ns
tarRD Array Delay for

Product Term Any Macrocell 16 18 22 0 ns

Expansion
tmina | Minimum Clock

Period 1fienT 28 30 43 0 ns

NOTE: 1. Only Port B has asynchronous outputs. Clock into Macrocell Flip Flop is generated by a product term.

**The -90 speed is available only on Industrial Temperature Range product.
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13.8 Microcontroller Interface - AC/DC Parameters (5V : 10% Versions)

Explanation of AC Symbols for Non ZPLD Timing.

Example: tayLx Time from Address Valid to ALE Invalid.

A — Address L — Logic Level Low or ALE T-RW

C - Power Down N — Reset t — Time

D Input Data P — Port Signal V - Valid

E-E Q - Output Data . X — No Longer a Valid Logic Level
H- Logic Level High R - WR, UDS, LDS, DS, IORD, PSEN Z — Float

1 - Interrupt S — Chip Select

Read Timing (5 V + 10% Versions)

- - * -
70 90 15 EPROM_CMiser
Symbol Parameter Conditions | Min Max | Min | Max | Min | Max ON Unit
tiix | ALE or AS Pulse Width 18 20 28 0 ns
tavix Address Setup Time (Note 4) 5 6 10 0 ns
tixax | Address Hold Time (Note 4) 7 8 11 0] ns
tavav | Address Validto Data | (yote 4) 70 90 150 |  Add 10 ns
tstav | CS Valid to Data Valid 80 100 150 Add 10 ns
RD to Data Valid
8/16-Bit Bus (Note 1) 20 32 40 0 ns
' RD to Data Valid 8-Bit
RLQV | Bus, 8031 Separate (Note 2) 32 38 45 0 ns
Mode
RD to Data Valid from | (Note 3) 32 38 45 0 ns
Interrupt Controller
tanax | RD Data Hold Time (Note 1) 0 0 0 0 ns
tRLRH RD Pulse Width (Note 1) 30 32 38 0 ns
truaz | RD to Data High-Z (Note 1) 22 25 33 0 ns
tener | E Pulse Width 30 32 38 0] ns
teee | R/W Hold Time After
Enable 0 0 0 0 ns
In 16-Bit Data Bus
tavpv | Address Input Valid to | Mode (Note 5) 20 30 38 0 ns
Address Output Delay | | 8-Bit Data Bus
Mode (Note 5) 22 32 48 0 ns

NOTES: 1. B_—D timing has the same timing as PSEN, DS, LDS, UDS signals.
2. RD and PSEN have the same timing for 8031 mode.
3. Read to Data Valid of the Interrupt Request Latch and Interrupt Priority Status. RD timing has the same timing as PSEN, DS,
LDS, UDS signals.
4. Any input used to select an internal PSD5XX function.
5. In multiplexed mode latched address generated from ADIO delay to address output on any Port.

*The -90 speed is available only on Industrial Temperature Range product.
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Microcontroller Interface - AC/DC Parameters (5 V + 10% Versions)

Write Timing (5V + 10%)

- - * -
70 90 15 EPROM_CMiser

Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max ON Unit
twix | ALE or AS Pulse Width 18 20 28 ns
tavix Address Setup Time (Note 1) 5 6 10 ns
txax Address Hold Time (Note 1) 7 8 11 ns

Address Valid to
t _

AWL || oo ding Edge of WR (Notes 1 and 3) 18 20 30 ns

CS Valid to Leading
t ]

SLWL Edge of WR (Note 3) 22 25 35 ns
tovwn | WR Data Setup Time | (Note 3) 12 15 22 ns
twhox | WR Data Hold Time (Note 3) 5 5 5 ns
twiwn | WR Pulse Width (Note 3) 18 20 28 ns

Trailing Edge of WR to
t
WHAX | Address Invalid (Note 3) 0 0 0 ns
Trailing Edge of WR to
t
WHPV | o Output Valid (Note 3) 25 30 38 ns
In 16-Bit Data Bus
20 30 38 ns
¢ Address Input Validto | Mode (Note 2)
AVPV | Address Output Delay | |, 8-Bit Data Bus 2 2 48 .
Mode (Note 2)
NOTES: 1. Anyinput used to select an internal PSD5XX function.

2. In muitiplexed mode latched address generated from ADIO delay to address output on any Port.
3. WR timing has the same timing as E, DS, LDS, UDS, WRL, WRH signals.

*The -90 speed is available only on Industrial Temperature Range product.
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Microcontroller Interface - AC/DC Parameters (5V + 10% Versions)

Port A Peripheral Data Mode Read Timing (5V + 10%)

-70 -90** -15
ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
tavav (pa) | Address Valid to
Data Valid (Note 3) 45 55 62 Add 10 ns
tsLav pay | &S Valid to Data 55 55 62 | Add10 ns
t RD to Data Valid (Notes 1 and 4) 22 26 45 0 ns
ALAV®A 1 RD to Data Valid 2 28 45 0 N
8031 Mode
tpvav (pa) | Data In to Data Out
Valid 22 22 26 0 ns
taxrH pa) | RD Data Hold Time | (Note 1) 0 0 0 0 ns
tRLRAH (PA) RD Pulse Width {Note 1) 25 30 38 ns
taraz pa) | RD to Data High-Z | (Note 1) 20 25 33 ns
Port A Peripheral Data Mode Write Timing (5V + 10%)
-70 -90** -15
- ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
twiav (Pa) WR to Data
Propagation Delay (Note 2) 25 27 35 0 ns
Data to Port A Data
tovav (PA) Propagation Delay (Note 5). 22 22 26 0 .nS
twHaz (Pa) WR Invalid to
Port A Tri-state (Note 2) 20 25 33 ns
NOTES: 1. RD timing has the same timing as PSEN, E—S_,@Es_signals.
2. WR timing has the same timing as E, DS, LDS, UDS, WRL, WRH signals.
3. Any input used to select Port A Data Peripheral Mode.
4. Data is already stable on Port A.
5. Data stable on ADIO pins to data on Port A.

*If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 10 ns to the timing parameters.
**The -90 speed is available only on Industrial Temperature Range product.
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Microcontroller Interface - AC/DC Parameters (5 V + 10% Versions)

Power Down and Reset Timing (5V = 10%)

-70 -90** -15
ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
twov ALE Access Time from
Power Down 100 120 150 Add 10 ns
ALE or CSI Access Time
tvovi from Sleep 120 150 200 0 ns
ZPLD Propagation Delay
tLvpve in Sleep Mode 600 600 600 0 ns
ZPLD Recovery Time
tovs after Sleep Mode 250 250 250 0 ns
tcHeL APD Clock High Time Using PE7 | 10 12 15 0 ns
toeH APD Clock Low Time Using PE7 | 10 12 15 0] ns
fmax APD Maximum Frequency | Using PE7 35.00 30.00 22.00 0 MHz
tq RESET Active Low Time 150 200 300 0 ns
RESET High to '
t2 Operational Device 150 200 300 0 ns
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AC/DC Parameters - ZPLD Timing Parameters (5V = 10% Versions)

Counter/Timer Timing (5V = 10%)

-70 -90** -15
. - - ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
fmax Maximum Frequency 36.00 30.00 22.00 0 MHz
tcher | Clock High Time 10 12 15 0 ns
tcicn | Clock Low Time 10 12 15 0 ns
tchpy | Clock to Qutput Delay 28 30 33 0 ns
tcupv1 | Clock to Watchdog
Output Dealy 50 50 58 Add 10 ns
twven Input Setup Time
Relative to Rising Pin Input 15 17 20 (ﬁ%?;g) ns
Clock Edge
tvcH1 Input Setup Time PLD
Relative to Rising Combinatorial 25 27 31 (Note 2) ns
Clock Edge Input
tMIN Minimum Clock
Period 1/fmax 28 33 45 0 ns
Interrupt Timing (5V + 10%)
.70 -90** -
7 90 15 ZPLD _TURBO
Symbol Parameter Conditions | Min | Max | Min | Max | Min | Max OFF* Unit
tiv Interrupt Request
g&”;l:f Interrupt (Note 3) 40 50 65 0 ns
taxix Read Vector to
interrupt Request
Clear 30 40 55 0 ns
tL Interrupt Request
Minimum Pulse
Width 18 20 35 0 ns
tmay | RD to Data Valid
Interrupt Controller (Note 1) 32 38 45 0 ns

NOTES: 1.Read to Data Valid of the Interrupt Request Latch and Interrupt Priority Status. RD timing has the same timing as PSEN, DS,

LDS, UDS signals.
2. For inputs which use PPLD only.

3. This timing is only valid when read to the interrupt request latch and priority status latch are not valid.

*If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 10 ns to the timing parameters.
**The -90 speed is available only on Industrial Temperature Range product.
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13.9 DC Characteristics (ZPSD5XXV Versions)
(3.0 V £ 10%)

Symbol Parameter Conditions Min | Typ Max Unit
Vee Supply Volitage All Speeds 27 3 55 \
Vin High Level Input Voltage 27V <Vegc <55V 7 Vee Ve +.5 \
ViL Low Level Input Voltage 27V<Vec<bbsV -0.5 3 Vee v
ViH1 Reset High Level Input Voltage (Note 1) .8 Ve Vee +.5 \
VL Reset Low Leve! Input Voltage (Note 1) -5 2Vee—-.1 \
Vivs Reset Pin Hysteresis 0.3 \
loL =20 uA, Vg =27V 0.01 0.1 Vv
VoL Output Low Voltage oL= =7 #M Yo
loL=4mA, Vg =27V 0.15 0.45 \Y
loy=—-20 yA, Vec =27V 29 2.99 \
Vo Output High Voltage OH H™ Vee
lon=-1mA, V=27V 2.4 26 \)
Vsgy SRAM Standby Voltage 2.7 Vee \%
Issy SRAM Standby Current Vee=0V 0.5 1 LA
lioLe Idle Current (Vgtgy Pin) Vee > Vsay -0.1 0.1 LA
Vpr SRAM Data Retention Voltage Only on Vstey 2 Y
lsg Standby Supply | Power Down Mode CSl >Vc —3 V (Note 2) 5 15 LA
Current Sleep Mode CSl >Vce -3 V (Note 3) 1 5 uA
I Input Leakage Current Vss < Vin< Ve -1 +.1 1 LA
o Output Leakage Current 0.45 < Vin< Ve -10 +5 10 LA
ZPLD_TURBO = OFF, See | JA
sB
Icc (DC) Operating ZPLD Only f =0 MHz (Note 4)
(Note 5) Supply Current ZPLD_TURBO = ON, .
f= 0 MHz 200 400 UA/PT
ZPLD AC Base (Note 4) See 20 | mAMHz
Fig. 51
CMiser = ON
: 04 1.0 mA/MHz
EPROM AC Adder (8-Bit Bus Mode)
All Other Cases 0.9 1.7 mA/MHz
loc (AC) CMi ON and
Not iser = an
(Note 5) 8-Bit Bus Mode 0.7 1.3 mA/MHz
SRAM AC Adder CMiser = ON and
16-Bit Bus MoDe 1 2 mAMHz
CMiser = OFF 1.9 3.8 mA/MHz
NOTES: 1. Resetinput has hysteresis. V| is valid at or below .2V —.1. Vi, is valid at or above .8Vc¢c.
2. CSl deselected or internal PD is active.
3. Sleep mode bit is set and internal PD is active.
4, See ZPLD ICC/Frequency Power Consumption graph for details.
5. loyur=0 mA.
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13.10 AC/DC Parameters - ZPLD Timing Parameters

(ZPSD5XXV Versions)

Combinatorial Delays (3.0V + 10%)

-20 -25
ZPLD TURBO
Symbol Parameter Conditions Min | Max | Min | Max OFF* Unit
I/O Input or Feedback to
teo Combinatorial Output PortB, E 55 80 Add 20 ns
Registered Input to
tRPD Combinatorial Output (Note 1) 55 85 Add 20 ns
tea Input to Output Enable Any Input 50 80 Add 20 ns
ter Input to Output Disable Any Input 50 80 Add 20 ns
tARP Register Clear or Preset Delay Any Input 55 80 Add 20 ns
Register Clear or Preset
tARPW Pulse Width Any Input 30 60 ns
taRD Array Delay 33 35 ns
NOTE: 1. Port A and latched address from ADIO (AO, A1, A8 - A15).
*NOTE: Hf ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 20 ns to the timing parameters.
Synchronous Clock Mode (3.0V + 10%)
-20 -25
ZPLD_TURBO
Symbol Parameter Conditions Min | Max | Min | Max OFF* Unit
Maximum Frequency
External Feedback 1/(ts + tco) 28.57 11114 MHz
Maximum Frequency _
fuax Internal Feedback (fonr) 1/(ts+tco—10) 17.24 12.50 MHz
Maximum Frequency
Pipelined Data (tcn + tey) 31.25 18.52 MHz
ts Input Setup Time Any Input 45 60 Add 20 ns
th input Hold Time Any Input 0 0] 0 ns
tcH Clock High Time Clock Input 16 27 0 ns
toL Clock Low Time Clock Input 16 27 0 ns
tco Clock to Output Delay Clock Input 30 33 0 ns
tarD Array Delay for Product
Term Expansion Any Macrocell 24 35 0 ns
tvin Minimum Clock Period ten +teoL 30 30 0 ns

*NOTE: If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 20 ns to the timing parameters.
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AC/DC Parameters - ZPLD Timing Parameters
(ZPSD5XXV Versions)

Asynchronous Clock Mode (3.0 V + 10%, Note 1)

-20 -25
ZPLD_TURBO
Symbol Parameter Conditions Min | Max | Min | Max OFF* Unit
Maximum Frequency
External Feedback 1/(tsa + tcoa) 14.49 11.11 MHz
Maximum Frequency 1/(tga+tcoa—10)
fuaxa | Internal Feedback (fonma) | (Note 1) 16.95 12.50 MHz
Maximum Frequency
Pipelined Data 1/(tcH + toy) 31.25 18.52 MHz
tsa input Setup Time Any Input 13 30 Add 20 ns
tha Input Hold Time Any Input 13 30 0 ns
tcHA Clock High Time Any Input 25 27 0] ns
toLa Clock Low Time Any Input 16 27 0 ns
tcoa Clock to Output Delay Any Input to Port B 56 60 Add 20 ns
Array Delay for Product
tarD Term Expansion Any Macrocell 33 35 0 ns
tmiNa Minimum Clock Period Nt 59 80 0 ns

NOTE: 1. Only Port B has asynchronous outputs. Clock into macrocell Flip Flop is generated by a product term.

*NOTE: If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 20 ns to the timing parameters.
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13.11 Microcontroller Interface -AC/DC Parameters

(ZPSD5XXV Versions)
Explanation of AC Symbols for Non ZPLD Timing.
Example: tavLx Time from Address Valid to ALE Invalid.
A - Address L - Logic Level Low or ALE T -RW
C - Power Down N — Reset t - Time
D- Input Data P — Port Signal V — Valid
E-E Q - Output Data _ X — No Longer a Valid Logic Level
H- Logic Level High R - WR, UDS, LDS, DS, IORD, PSEN Z — Float
| — Interrupt S - Chip Select
Read Timing (3.0 V + 10%)
-20 -25 EPROM _CMiser
Symbol Parameter Conditions | Min | Max | Min | Max ON Unit
tvix ALE or AS Pulse Width 30 30 0] ns
tavex | Address Setup Time (Note 4) 12 15 0 ns
tixax | Address Hold Time {Note 4) 12 17 0 ns
tavav | Address Valid to Data Valid (Note 4) 200 250 Add 20 ns
tsiqv | CS Valid to Data Valid 200 275 Add 20 ns
RD to Data Valid 8/16-Bit Bus (Note 1) 50 80 0 ns
taay chsios%it:ra\(tae“:agd%n oL (Note 2) 57 90 0 ns
RD to Data Valid from Interrupt Controller | (Note 3) 50 90 0 ns
taHax | RD Data Hold Time (Note 1) 0 0 0 ns
trirH | RD Pulse Width (Note 1) 40 70 0 ns
trHaz | RD to Data High-Z (Note 1) 45 45 0 ns
teper | E Pulse Width 40 70 0 ns
trien | RAW Setup Time to Enable 20 22 0 ns
teeru | R/W Hold Time After Enable 0 0 0 ns
. In 16-Bit Data Bus 3
typy | Address Input Valid to Mode (Note 5) 40 60 0 ns
Address Output Delay In 8-Bit Data Bus
Mode (Note 5) 50 60 0 ns

NOTES: 1. B:D timing has the same timing as PSEN, DS, LDS, UDS signals (in 8031 combined mode).
2. RD and PSEN have the same timing for 8031 separate mode. — _
3. Read to Data Valid of the Interrupt Request Latch and Interrupt Priority Status. RD timing has the same timing as PSEN, DS, LDS,
UDS signals.
4. Any input used to select an internal ZPSD5XX function.
5. In multiplexed mode latched address generated from ADIO delay to address output on any Port.
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Microcontroller Interface - AC/DC Parameters

(ZPSD5XXV Versions)
Write Timing (3.0V = 10%)
-20 -25 EPROM_CMiser
Symbol Parameter Conditions Min | Max | Min | Max oN Unit
tix | ALE or AS Pulse Width 30 30 ns
tavix | Address Setup Time (Note 1) 12 15 ns
tixax | Address Hold Time (Note 1) 12 17 ns
Address Valid to Leading
t YU
AWL | e dge of WR (Notes 1 and 3) 35 50 ns
tsuwe | CS Valid to Leading Edge of WR | (Note 3) 40 60 ns
tovwn | WR Data Setup Time (Note 3) 25 35 ns
twhox | WR Data Hold Time (Note 3) 5 10 ns
twewn | WR Pulse Width (Note 3) 30 30 ns
twHAX Tralllpg Edge of WR to Address (Note 3) 0 0 ns
Invalid
Trailing Edge of WR to Port
t
WHPV Output Valid (Note 3) 50 60 ns
In 16-Bit Data Bus
40 60 ns
i Address Input Valid to Mode (Note 2)
APV 1 Address Output Delay In 8-Bit Data Bus 0
Mode (Note 2) 5 60 ns
NOTES: 1. Any input used to select an internal ZPSD5XX function.

2. In multiplexed mode latched address generated from ADIO delay to address output on any Port.
3. WR timing has the same timing as E, DS, LDS, UDS, WRL, WRH signals.
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PSD5XX Family

Microcontroller Interface - AC/DC Parameters

(ZPSD5XXV Versions)
Port A Peripheral Data Mode Read Timing (3.0 V + 10%)
-20 -25
ZPLD_TURBO
Symbol Parameter Conditions Min | Max | Min | Max OFF* Unit
tavav (pa) | Address Valid to Data Valid (Note 3) 95 120 Add 20 ns
tsLav (Pa) CS Valid to Data Valid 100 120 Add 20 ns
taav (pay | RD to Data Valid (Notes 1 and 4) 50 90 0 ns
tpvav (pay | Data In to Data Out Valid 35 50 0 ns
taxrH pay | RD Data Hold Time (Note 1) 0 0 0 ns
taLRH pa) | RD Pulse Width (Note 1) 40 70 0 ns
tanaz pa) | RD to Data High-Z (Note 1) 35 60 0 ns
Port A Peripheral Data Mode Write Timing (3.0 V + 10%)
-20 -25
ZPLD TURBO
Symbol Parameter Conditions Min | Max | Min | Max OFF* Unit
twLav (Pa) WR to Data Propagation Delay {Note 2) 60 60 0 ns
Data to Port A Data
tovav (pa) Propagation Delay (Note 5) 40 50 0 ns
twHaz (PA) WR Invalid to Port A Tri-state (Note 2) 35 60 0 ns

NOTES: 1. Any input used to select an intemal ZPSD5XX function.
2. WR timing has the same timing as E, DS, LDS, UDS, WRL, WRH signals.
3. Any input used to select Port A Data Peripheral Mode.
4. Data is already stable on Port A.

5. Data stable on ADIO pins to data on Port A.
*NOTE: If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there'is no need to add 20 ns to the timing parameters.
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Microcontroller Interface - AC/DC Parameters

(ZPSD5XXV Versions)
Power Down and Reset Timing (3.0 V + 10%)
-20 -25
ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max OFF* Unit
wov | Poweriown 170 250 | Add20 | ns
tworr | ALEOT CSI Access Time
from Sleep 200 250 0 ns

tiov ﬁPSLge';’idp:c?:“m Delay 600 900 0 ns
tovova éf;:g riecovery Time after 250 400 0 ns
teHeL APD Clock High Time Using PE7 | 16 27 0 ns
tcLeH APD Clock Low Time Using PE7 16 27 0 ns
fmax APD Maximum Frequency Using PE7 20.00 18.52 0 MHz
t, RESET Active Low Time 300 400 0 ns
to RESET High to Operational Device 300 400 0 ns

*NOTE: If ZPLD_TURBO is off and the ZPLD is operating above 15 MHz, there is no need to add 20 ns to the timing parameters.
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AC/DC Parameters ~ ZPLD Timing Parameters
(ZPSD5XXV Versions)

Counter/Timer Timing (3.0 V + 10%)

-20 -25
ZPLD _TURBO
Symbol Parameter Conditions | Min | Max | Min | Max OFF* Unit
fmax Maximum Frequency 20.00 12.50 0] MHz
tohoL Clock High Time 16 22 0 ns
tcLeH Clock Low Time 16 22 0 ns
tcHpy Clock to Output Delay 50 55 0 ns
tcHPv1 Clock to Watchdog Output Delay 90 100 Add 20 ns
Input Setup Time Relative Add 20
fuven to Rising Level Clock Any Input 45 60 (Note 2) ns
tmin Minimum Clock Period 1/fmax 50 80 0 ns
Interrupt Timing (3.0 V + 10%)
-20 -25
ZPLD TURBO
Symbol Parameter Conditions | Min | Max | Min | Max OFF* Unit
tiviv Interrupt Request Input to
Interrupt Output (Note 3) 70 120 0 ns
tRxiIx Read Vector to Interrupt
Request Clear 60 100 0 ns
ti Interrupt Request Minimum
Pulse Width 40 45 0 ns
trLav- RD to Data Valid Interrupt (Note 1) 50 90 0 ns
Controller

NOTES: 1. Read to Data Valid of the Interrupt Request Latch and Interrupt Priority Status. RD timing has the same timing as PSEN, DS, LDS,

2.
3. This timing is only valid when read to the interrupt request latch and priority status latch are not valid.

UDS signals.
For inputs which use PPLD only.

*If ZPLD_TURBQ is off and the ZPLD is operating above 15 MHz, there is no need to add 20 ns to the timing parameters.
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14.0 Timing Diagrams
Figure 52. Read Timing
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Figure 53. Write Timing
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Figure 54. Peripheral I/0 Read Timing
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Figure 55. Peripheral 1/0 Write Timing

ALE/AS x

A

A/D BUS 4( ADDRESS

\

/

DATA OUT

A

r s

J;—» tWHQZ (PA)

A

tWLOL | (PA)
- »| tDVQV (PA)
PORT A

DATA OUT

130




PSD5XX Family

Figure 56. Combinatorial Timing - ZPLD
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Figure 57. Synchronous Clock Mode Timing - ZPLD
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PSD5XX Family

Figure 58. Asynchronous Clock Mode Timing (Product-Term Clock, PB Macrocell Only)
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Figure 60. Asynchronous Reset/Preset
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PSD5XX Family

Figure 61. Reset Timing
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Figure 62. Key to Switching Waveforms
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PSD5XX Family

15.0 Ta=25°C,f=1MHz
‘C’ m . Symbol Parameter’ Conditions | Typical? | Max Unit
apacitance Cin Capacitance (for input pins only) Vn=0V 4 6 pF
Cout | Capacitance (for input/output pins) Vour=0V 8 12 pF
Cvpp | Capacitance (for WR/Vpp or RMW/Vpp) | Vpp=0V 18 25 pF
NOTES: 1. These parameters are only sampled and are not 100% tested.
2. Typical values are for T4 = 25°C and nominal supply voltages.
16.0 Figure 63. AC Testing Input/Output Waveform
AC Testing
3.0v
>< TEST POINT —>>< 1.5V
ov
Figure 64. AC Testing Load Circuit
201V
195 Q
DEVICE
UNDER TEST C_=30pF
(INCLUDING
SCOPE AND JIG
— CAPACITANCE)

17.0 To clear all locations of their programmed contents, expose the window packaged device
Erasure and to an ultra-violet light source. A dosage of 30 W second/cm? is required (40 W second/cm?
Programming for ZPSD5XXV versions). This dosage can be obtained with exposure to a wavelength of

2537 A and intensity of 12000 pW/cm? for 40 to 45 minutes (55 to 60 minutes for
ZPSD5XXV versions). The device should be about 1 inch from the source, and all filters
shouid be removed from the UV light source prior to erasure.

The PSD5XX and similar devices will erase with light sources having wavelengths shorter
than 4000 A. Although the erasure times will be much longer than with UV sources at 2537
A, exposure to fluorescent light and sunlight eventually erases the device. For maximum
system reliability, these sources should be avoided. If used in such an environment, the
package windows should be covered by an opaque substance.

Upon delivery from WSI, or after each erasure, the PSD5XX device has all bits in the PAD
and EPROM in the “1” or high state. The configuration bits are in the “0” or low state. The
code, configuration, and PAD MAP data are loaded through the procedure of programming

Information for programming the device is available directly from WSI. Please contact your
local sales representative.
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PSD5XX Family

18.0
PSD5XX

Pin
Assignments

68-Pin 68-Pin
Pin No. PLDCC/CLDCC Pin No. PLDcc/CLDCC
Package Package
1 GND 35 GND
2 ADIO_7 36 PE2
3 ADIO_6 37 PE1
4 ADIO_5 38 PEO
5 ADIO_4 39 csl
6 ADIO_3 40 RESET
7 ADIO_2 41 RD
8 ADIO_1 42 CLKIN
9 ADIO_0 43 PB7
10 PC7 44 PB6
1 PC6 45 PB5
12 PC5 46 PB4
13 PC4 47 PB3
14 PC3 48 PB2
15 PC2 49 PB1
16 PC1 50 PBO
17 PCO 51 GND
18 vCC 52 VCC
19 GND 53 PD7
20 PA7 54 PD6
21 PA6 55 PD5
22 PA5 56 PD4
23 PA4 57 PD3
24 PA3 58 PD2
25 PA2 59 PD1
26 PA1 60 PDO
27 PAQ 61 ADIO_15
28 Vstby 62 ADIO_14
29 WR 63 . ADIO_13
30 PE7 64 ADIO_12
31 PE6 65 ADIO_11
32 PES5 66 ADIO_10
33 PE4 67 ADIO_9
34 PE3 68 ADIO_8
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PSD5XX
Pin
Assignments

80-Pin

80-Pin
Pin No. TGFP Pin No. TQFP
Package Package
1 PC7 41 PB7
2 PCé 42 PB6
3 PC5 43 PB5
4 PC4 44 PB4
5 PC3 45 PB3
6 PC2 46 PB2
7 PC1 47 PB1
8 PCO 48 PBO
9 Vee 49 GND
10 Vee 59 GND
11 GND 51 Vee
12 GND 52 Vee
13 PA7 53 PD7
14 PA6 54 PD6
15 PA5 55 PD5
16 PA4 56 PD4
17 PA3 57 PD3
18 PA2 58 PD2
19 PA1 59 PD1
20 PAO 60 PDO
21 NC 61 NC
22 NC 62 ADIO_15
23 Vstdby 63 ADIO_14
24 WR 64 ADIO_13
25 PE7 65 ADIO_12
26 PE6 66 ADIO_11
© 27 PE5 67 ADIO_10
28 PE4 68 ADIO_9
29 PE3 69 ADIO_8
30 GND 70 GND
31 GND 71 GND
32 PE2 72 ADIO_7
33 PE1 73 ADIO_6
34 PEO 74 ADIO_5
35 csl 75 ADIO_4
36 RESET 76 ADIO_3
37 RD 77 ADIO_2
38 CLKIN 78 ADIO_1
39 NC 79 ADIO_0
40 NC 80 NC
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PSD5XX Family

Figure 67.
Drawing U2 -
80-Pin

Plastic Thin
Quad Flatpack
(TQFP)
(Package

Type U)
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PSD5XX Family

Drawing J5 - 68-Pin Plastic Leaded Chip Carrier (PLDCC) (Package Type J)

D

aininisisininisininizsiainisisinls)

D1
32168

/

[=]

ininininininininininisinisinisisin]

Family: Plastic Leaded Chip Carrier

Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 4.19 4.57 0.165 0.180
A1 2.41 3.00 0.095 0.118
A2 3.71 3.91 0.1486 0.154
B - 0.33 0.53 0.013 0.021
B1 0.66 0.81 0.026 0.032
C 0.196 0.262 0.0077 0.0083
D 25.02 25.27 0.985 0.995
D1 2413 24.23 0.950 0.954
D2 22.61 23.62 0.890 0.930
D3 20.32 Reference 0.800 Reference
E 25.02 25.27 0.985 0.995
E1 24.13 24.23 0.950 0.954
E2 22.61 23.62 0.890 0.930
E3 20.32 Reference 0.800 Reference
el 1.27 Reference 0.050 Reference
N 68 68

030195R6
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PSD5XX Family

Drawing L5 ~ 68-Pin Pocketed Ceramic Leaded Chip Carrier (CLDCC) - CERQUAD (Package Type L)

D
D1
32168
OOCOOOAAOOAOOOOAT 75— §
7 !
] z To reduce lead damage,
E ] lead tips reside in
[ &= El E pockets on the bottom
] n of the package.
= ]
[ ]
[ ]
O ]
E = View A
(- [
A\ )
HutGUooOoooootoyg

— =—Bi ‘ (o]
[ I T
TR —= T
‘ L B——}L— | ‘ L AT ‘ | o1 | |

View A

D3 E3
D2 E2

Family: Ceramic Leaded Chip Carrier — CERQUAD

Millimeters Inches
Symbol Min Max Notes Min Max Notes

A 3.94 457 0.155 0.180

A1 2.29 2.92 0.090 0.115

A2 3.05 3.68 0.120 0.145

B 0.43 0.53 0.017 0.021

B1 0.66 0.81 0.026 0.032

C 0.15 0.25 0.006 0.010

D 25.02 25.27 0.985 0.995

D1 23.93 24.28 0.942 0.956

D2 22.35 23.88 0.880 0.940

D3 20.32 Reference 0.800 Reference
E 25.02 25.27 0.985 0.995

E1 23.93 24.28 0.942 0.956

E2 22.35 23.88 0.880 0.940

E3 20.32 Reference 0.800 Reference
el 1.27 Reference 0.050 Reference
N 68 68

030195R6
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PSD5XX Family

Drawing U2 -~ 80-Pin Plastic Thin Quad Flatpack (TQFP) (Package Type U)

BHHHHEHEEEEE HEEEEREE
i
m
m

— Standoff:.
HHHHBEOOHHEEEEREEEEERE 0.05 mm Min. o
Al A2 A J - j.l TL—O‘
| Al L ,
gauhlililnlinlnntilillililalilitile s N Y L— ~—
| l Load Coplanarity:
—+—8 et 0.102 mm Max.
Family: Plastic Thin Quad Flatpack (TQFP)
Millimeters Inches )
Symbol Min Max Notes Min Max Notes
o . 0° 8° . 0° 8°
A - 1.60 - 0.063
Al 0.54 0.74 0.021 0.029
A2 1.15 1.55 0.045 0.061
B 0.30 Reference 0.012 Reference
C 0.09 0.20 0.004 0.008
D 15.75 16.25 0.620 0.640
D1 13.90 14.10 0.547 0.555
D3 12.35 Reference 0.486 Reference
E 15.75 16.25 0.620 0.640
E1 13.90 14.10 0.547 0.555
E3 12.35 Reference 0.486 Reference
el 0.65 Reference 0.026 Reference
L 035 | o075 0.014 0.030
N 80 80

030195R1
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PSD5XX Family

PSD5XX
Ordering
Information

20.2 Part Number Construction

Z PSD 413A2 V -A 20 J |

‘ Temperature (Blank = Commercial,

| = Industrial, M = Military)

-

Package Type
Speed (-70 = 70ns, -90 = 90ns, -15 = 150ns

-20 = 200ns, -25 = 250ns)

Revision (Blank = No Revision)

Z = Zero Power Feature)

Supply Voltage (Blank = 5V, V = 3 Volt)
Base Part Number - see Selector Guide

PSD (WSI Programmable System Device) Fam.

Power Down Feature (Blank = Standard,

20.3 Ordering Information

Operating
Speed Temperature
Part Number (ns) Package Type Range
PSD501B1-C-70J 70 68 Pin PLDCC Comm’l
PSD501B1-C-70L 70 68 Pin CLDCC Comm'l
PSD501B1-C-70U 70 68 Pin TQFP Comm'l
PSD501B1-C-90J! 90 68 Pin PLDCC Industrial
PSD501B1-C-90UlI 90 68 Pin TQFP Industrial
PSD501B1-C-15J 150 68 Pin PLDCC Comm'l
PSD501B1-C-15L 150 68 Pin CLDCC Comm'l
PSD501B1-C-15U 150 68 Pin TQFP Comm'l
PSD502B1-C-70J 70 68 Pin PLDCC Comm'l
PSD502B1-C-70L 70 68 Pin CLDCC Comm'l
PSD502B1-C-70U 70 68 Pin TQFP Comm'l
PSD502B81-C-90J! 90 68 Pin PLDCC Industrial
PSD502B1-C-90UI 90 68 Pin TQFP Industrial
PSD502B1-C-15J 150 68 Pin PLDCC Comm'l
PSD502B1-C-15L 150 68 Pin CLDCC Comm'l
PSD502B1-C-15U 150 68 Pin TQFP Comm'l
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PSD5XX Family

PSD5XX Ordering Information

Ordering Operating

Information Speed Temperature

(cont.) Part Number (ns) | Package Type Range
PSD503B1-C-70J 70 68 Pin PLDCC Comm’l
PSD503B1-C-70L 70 68 Pin CLDCC Comm’l
PSD503B1-C-70U 70 68 Pin TQFP Comm’l
PSD503B1-C-90JI 90 68 Pin PLDCC Industrial
PSD503B1-C-90Ul 90 68 Pin TQFP Industrial
PSD503B1-C-15J 150 68 Pin PLDCC Commvl
PSD503B1-C-15L 150 68 Pin CLDCC Comml
PSD503B1-C-15U 150 68 Pin TQFP Comm'l
PSD511B1-C-70J 70 68 Pin PLDCC Comm’l
PSD511B1-C-70L 70 68 Pin CLDCC Comm/l
PSD511B1-C-70U .| 70 68 Pin TQFP Comml
PSD511B1-C-90JI 90 68 Pin PLDCC Industrial
PSD511B1-C-90UI 90 68 Pin TQFP Industrial
PSD511B1-C-15J 150 68 Pin PLDCC Comm'l
PSD511B1-C-15L 150 68 Pin CLDCC Comml
PSD511B1-C-15U | 150 68 Pin TQFP Comm’l
PSD512B1-C-70J 70 68 Pin PLDCC Comml
PSD512B1-C-70L 70 68 Pin CLDCC Comm’l
PSD512B1-C-70U 70 68 Pin TQFP Comm'l
PSD512B1-C-90JI 90 68 Pin PLDCC Industrial
PSD512B1-C-90U} 90 68 Pin TQFP Industrial
PSD512B1-C-15J 150 68 Pin PLDCC Comm'l
PSD512B1-C-15L 150 68 Pin CLDCC Comm’l
PSD512B1:C-15U 150 68 Pin TQFP Comm’l
PSD513B1-C-70J 70 68 Pin PLDCC Comml
PSD513B1-C-70L 70 68 Pin CLDCC Comm'l
PSD513B1-C-70U 70 68 Pin TQFP Comm'l
PSD513B1-C-90J! 90 68 Pin PLDCC Industrial
PSD513B1-C-90UI 90 68 Pin TQFP Industrial
PSD513B1-C-15J 150 68 Pin PLDCC Comm’l
PSD513B1-C-15L 150 68 Pin CLDCC Comm'l
PSD513B1-C-15U 150 68 Pin TQFP Comm'l
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PSD5XX Family

PSD5XX
Product
Ordering
Information
{cont.)

Ordering Information
Operating
Speed Temperature
Part Number (ns) | Package Type Range
ZPSD501B1-C-70J 70 68 Pin PLDCC Comm'l
ZPSD501B1-C-70L 70 68 Pin CLDCC Comm’l
ZPSD501B1-C-70U 70 80 Pin TQFP Comm’l
ZPSD501B1-C-90J! 90 68 Pin PLDCC Industrial
ZPSD501B1-C-90Ul 90 80 Pin TQFP Industrial
ZPSD501B1-C-15J 150 | 68 Pin PLDCC Comm|
ZPSD501B1-C-15L 150 | 68 Pin CLDCC Commv'l
ZPSD501B1-C-15U 150 | 80 Pin TQFP Comm'l
ZPSD501B1V-C-20J | 200 | 68 Pin PLDCC Commvl
ZPSD501B1V-C-20J1 | 200 | 68 Pin PLDCC Industrial
ZPSD501B1V-C-20L | 200 | 68 Pin CLDCC Comm|
ZPSD501B1V-C-20U | 200 | 80 Pin TQFP Comm’l
ZPSD501B1V-C-20Ul | 200 | 80 Pin TQFP Industrial
ZPSD501B1V-C-25J | 250 | 68 Pin PLDCC Comm’l
ZPSD501B1V-C-25L | 250 | 68 Pin CLDCC Comm’l
ZPSD501B1V-C-25U | 250 | 80 Pin TQFP Comm’l
ZPSD502B1-C-70J 70 68 Pin PLDCC Comm’l
ZPSD502B1-C-70L 70 68 Pin CLDCC Comm’l
ZPSD502B1-C-70U 70 80 Pin TQFP Comm’|
ZPSD502B1-C-90JI 90 68 Pin PLDCC Industrial
ZPSD502B1-C-90UI 90 80 Pin TQFP Industrial
ZPSD502B1-C-15J 150 | 68 Pin PLDCC Comm’l
ZPSD502B1-C-15L 150 | 68 Pin CLDCC Comm’l
ZPSD502B1-C-15U 150 | 80 Pin TQFP Comm’l
ZPSD502B1V-C-20J | 200 | 68 Pin PLDCC Comm'|
ZPSD502B1V-C-20JI | 200 | 68 Pin PLDCC Industrial
ZPSD502B1V-C-20L | 200 | 68 Pin CLDCC Comm'l
ZPSD502B1V-C-20U | 200 | 80 Pin TQFP Comm'l
ZPSD502B1V-C-20Ul | 200 | 80 Pin TQFP Industrial
ZPSD502B1V-C-25J | 250 | 68 Pin PLDCC Comm’|
ZPSD502B1V-C-25L | 250 | 68 Pin CLDCC Comm’l
ZPSD502B1V-C-25U | 250 | 80 Pin TQFP Comm’l
ZPSD503B1-C-70J 70 68 Pin PLDCC Comm’l
ZPSD503B1-C-70L 70 68 Pin CLDCC Comm’|
ZPSD503B1-C-70U 70 80 Pin TQFP Comm’|
ZPSD503B1-C-90JI 90 68 Pin PLDCC Industrial
ZPSD503B1-C-90LI 90 68 Pin CLDCC Industrial
ZPSD503B1-C-90Ul 90 80 Pin TQFP Industrial
ZPSD503B1-C-15J 150 | 68 Pin PLDCC Comm'l
ZPSD503B1-C-15L 150 | 68 Pin CLDCC Comm’l
ZPSD503B1-C-15U 150 | 80 Pin TQFP Comm'l
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PSD5XX Family

PSD5XX
Product
Ordering
Information
(cont.)

Ordering Information
Operating
Speed Temperature
Part Number (ns) | Package Type Range
ZPSD503B1V-C-20J | 200 | 68 Pin PLDCC Comm’|
ZPSD503B1V-C-20Ji 200 68 Pin PLDCC Industrial
ZPSD503B1V-C-20L | 200 | 68 Pin CLDCC Comm’|
ZPSD503B1V-C-20U | 200 | 80 Pin TQFP Comm’|
ZPSD503B1V-C-20Ul | 200 | 80 Pin TQFP Industrial
ZPSD503B1V-C-25J | 250 | 68 Pin PLDCC Comm’|
ZPSD503B1V-C-25L | 250 | 68 Pin CLDCC Comm'l
ZPSD503B1V-C-25U | 250 | 80 Pin TQFP Comm’|
ZPSD511B1-C-70J 70 68 Pin PLDCC Comm'l
ZPSD511B1-C-70L 70 68 Pin CLDCC Comm’|
ZPSD511B1-C-70U 70 80 Pin TQFP Comm’l
ZPSD511B1-C-90JI 90 68 Pin PLDCC Industrial
ZPSD511B1-C-90UI 90 80 Pin TQFP Industrial
ZPSD511B1-C-154 150 68 Pin PLDCC Comm'|
ZPSD511B1-C-15L 150 | 68 Pin CLDCC Comm'l
ZPSD511B1-C-15U 150 | 80 Pin TQFP Comm’l
ZPSD511B1V-C-20J 200 | 68 Pin PLDCC Comm’l
ZPSD511B1V-C-20JI | 200 | 68 Pin PLDCC Industrial
ZPSD511B1V-C-20L | 200 | 68 Pin CLDCC Comm’|
ZPSD511B1V-C-20U | 200 | 80 Pin TQFP Comm’|
ZPSD511B1V-C-20UI | 200 | 80 Pin TQFP Industrial
ZPSD511B1V-C-25J 250 | 68 Pin PLDCC Comm’|
ZPSD511B1V-C-25L | 250 | 68 Pin CLDCC Comm’|
ZPSD511B1V-C-25U | 250 | 80 Pin TQFP Comm’|
ZPSD512B0-C-70J 70 68 Pin PLDCC Comm’|
ZPSD512B0-C-70L 70 68 Pin CLDCC Comm’|
ZPSD512B0-C-70U 70 80 Pin TQFP Comm’|
ZPSD512B0-C-90JI 90 68 Pin PLDCC Industrial
ZPSD512B0-C-90UI 90 80 Pin TQFP Industrial
ZPSD512B0-C-15J 150 | 68 Pin PLDCC Comm'l
ZPSD512B0-C-15L 150 | 68 Pin CLDCC Commi
ZPSD512B0-C-15U 150 | 80 Pin TQFP Comm’|
ZPSD512B1-C-70J 70 68 Pin PLDCC Comm’|
ZPSD512B1-C-70L 70 68 Pin CLDCC Comm’|
ZPSD512B1-C-70U 70 80 Pin TQFP Comm’l
ZPSD512B1-C-90JI 90 68 Pin PLDCC Industrial
ZPSD512B1-C-90UI 90 80 Pin TQFP Industrial
ZPSD512B1-C-15J 150 | 68 Pin PLDCC Comm’|
ZPSD512B1-C-15L 150 68 Pin CLDCC Comm’|
ZPSD512B1-C-15U 150 | 80 Pin TQFP Comm’|
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PSD5XX Family

PSD5XX
Product
Ordering
Information
{cont.)

Ordering Information
Operating
Speed Temperature

Part Number (ns) | Package Type Range
ZPSD512B1V-C-20J | 200 | 68 Pin PLDCC Comm'l
ZPSD512B1V-C-20J1 | 200 | 68 Pin PLDCC Industrial
ZPSD512B1V-C-20L | 200 | 68 Pin CLDCC Comm'l
ZPSD512B1V-C-20U | 200 | 80 Pin TQFP Comm’l
ZPSD512B1V-C-20Ul | 200 | 80 Pin TQFP Industrial
ZPSD512B1V-C-25J | 250 | 68 Pin PLDCC Comm'l
ZPSD512B1V-C-25L | 250 | 68 Pin CLDCC Comm’l
ZPSD512B1V-C-25U | 250 | 80 Pin TQFP Comm’l
ZPSD513B1-C-70J 70 68 Pin PLDCC Comm'l
ZPSD513B1-C-70L 70 68 Pin CLDCC Comm'l
ZPSD513B1-C-70U 70 80 Pin TQFP Comm’|
ZPSD513B1-C-90JI 90 68 Pin PLDCC Industrial
ZPSD513B1-C-90Ul 90 80 Pin TQFP Industrial
ZPSD513B1-C-15J 150 | 68 Pin PLDCC Comm'l
ZPSD513B1-C-15L 150 | 68 Pin CLDCC Comm'l
ZPSD513B1-C-15U 150 | 80 Pin TQFP Comm'l
ZPSD513B1V-C-20J | 200 | 68 Pin PLDCC Comm'l
ZPSD513B1V-C-20J1 | 200 | 68 Pin PLDCC Industrial
ZPSD513B1V-C-20L | 200 | 68 Pin CLDCC Comm’l
ZPSD513B1V-C-20U | 200 | 80 Pin TQFP Comm'l
ZPSD513B1V-C-20UI | 200 | 80 Pin TQFP Industrial
ZPSD513B1V-C-25J | 250 | 68 Pin PLDCC Comm'|
ZPSD513B1V-C-25L | 250 | 68 Pin CLDCC Comm'l
ZPSD513B1V-C-25U | 250 | 80 Pin TQFP Comm’l
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21.0

Process
Change Notice,
October 1, 1998

PSD5XX Functional Change:

A change has been implemented in the most recent silicon that improves the way that the
Image Register is updated. This change only applies to Event Count Mode for counter units
CTUO, CTU1, and CTU3.

Previous PSD5XX Silicon:

The Image Register was not updated with the actual event count upon exiting Freeze
mode. As a result, in certain circumstances, the Image Register may not have reflected the
actual event count. Although an incorrect count may have been read from the Image
Register at a given time, no event counts were ever lost because the microcontroller would
eventually read the correct value in the Image Register on subsequent freeze and read
cycles.

Current PSD5XX Silicon:

The Image register is now automatically updated with the actual count upon exiting the
Freeze mode. This ensures that on the very next freeze and read cycle, the microcontroller
will read the actual count from the Image register. There are two restrictions however:

1. If an event occurs within one timer clock period plus two CLKIN periods after the image
register is unfrozen, then the Image Register will not reflect that event on the very next
freeze and read cycle (timer clock period is defined on page 6-79 of the 1996 PSD data
book). Instead, the event will appear in the Image Register on the subsequent freeze
and read cycle.

2. The time between an unfreeze and the beginning of the next freeze has the same time
constraint as number one. There must be at least one timer clock period plus two CLKIN
periods between the end of one freeze cycle and the beginning of the next. This timing
can be controlied by software design.

To reduce the chance of getting a delayed count in the Image Register due to restriction
number 1, execute a software Load/Store command just prior to freezing and reading the
Image Register to force an update to the Image count.

Backwards Compatibility:

This improvement should have no impact on current designs unless these designs

were compensating for lost events. In such cases, compatibility is dependent on the
compensation method that was used. Please contact WSI at apphelp @wsiusa.com if you
think you have an issue or have any questions.
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Customer Feedback Questionnaire
PSD5XX Family

WaferScale Integration, Inc. wishes to continually improve the quality of its documentation.
Therefore, we welcome and appreciate any feedback on this document. If you have read through this
document and have any comments, please fax a copy of this form to us with your feedback. Our

fax number is (510) 657-8495. We appreciate and thank you for taking the time to provide us with
this valuable feedback.

How would you rate the quality of the document based on the following criterion:

Excellent Average Poor Excellent Average Poor

Organization ] | ] Tables | O a
Readability M| d O Table of Contents ] ad O
Understandability 0 O Q Page size/binding [ O ]
lllustrations ] 0 Q Overall Impression QO d Q
Comments:

Please rate the following sections based on your Too Average Too
understanding versus the amount of technical detail. - little detail Detail much detail
Section 1 Introduction a ] Q
Section 2 Key Features a [l a
Section 3 Notation | M| [l
Section 4 ZPSD Background a a O
Section 5 Power Management™ Operation 0 0 O
Section 6 Design Flow 0 0 0O
Section 7 PSD5XX Family 0 0 0
Section 8 PSD5XX Pin Descriptions 0 0O 0O
Section 9 The PSD5XX Architecture 0 0 0
Section 10 Page Register 0 0 0
Section 11 Security Protection

Section 12 System Configuration O Q 0
Section 13 Specifications U g Q
Section 14 Timing Diagrams O Q O
Section 15° Pin Capacitance a W 4
Section 16 AC Testing W | |
Section 17 Erasure and Programming | | 3
Section 18 PSD5XX Pin Assignments | A a
Section 19 Package Information a a |
Section 20 Product Ordering Information | Q 0
Section 21 Process Change Notice O 0 0
Section 22 Data Sheet Revisions O 0 0
Comments

Any Errors?
Anything Missing?
How can this document be improved?

Please supply this information at your descretion: Name, Company, Phone, e-mail.
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PSD5XX Family

22.0
Data Sheet
Revisions

Parts Data Sheet
Date Affected Changes
April, 1994 PSD5XX Initial release.
June, 1995 ZPSD5XX Initial release.
March, 1997 ZPSD5XX Updated specifications.
May, 1998 PSD5XX, ZPSD5XX Updated specifications,

various speed grades removed.

February, 1999

PSD5XX, ZPSD5XX

Combined Data Sheets,
eliminated military parts,
eliminated various speed grades,
updated specifications.
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Notes:




Ws! Worldwide Sales, Service and Technical Support

REPRESENTATIVES

ALABAMA
Rep, Inc.
Tel: (256) 881-9270
Fax: (256) 882-6692

ARIZONA
Summit Sales
Tel: (602) 998-4850
Fax: (602) 998-5274

CALIFORNIA
Earle Assoc., Inc,
Tel: (619) 278-5441
Fax: (619) 278-5443

I Squared, Inc.
Tel: (408) 988-3400
Fax: (408) 988-2079

Tel: (916) 989-0843
Fax: (916) 989-2841

CANADA
Intelatech, Inc.
Tel: (905) 629-0082
Fax: (305) 629-1795

Tel: (905) 629-0082
Fax: (905) 629-1795

Tel: (613) 599-7330
Fax: (613) 599-7329

Tel: (514) 421-5833
Fax: (514) 421-4105

Tel: (605) 434-5699
Fax: (605) 434-5655

COLORADO

Waugaman Associates, Inc.

Tek: (303) 926-0002
Fax: (303) 926-0828

CONNECTICUT
Advanced Tech Sales
Tel: (203) 284-8247
Fax: (203) 284-8232

FLORIDA
QXi of Florida, Inc.
Tek: (954) 341-1440
Fax: (954) 341-1430

Tel: (407) 831-8131
Fax: (407) 831-8112

Tel; (813) 576-3445
Fax: (813) 576-2601

GEORGIA
Rep, Inc.
Tel: (770) 938-4358
Fax: (770) 938-0194

INDIANA

Victory Sales
Tel: (317) 581-0880
Fax: (317) 581-0882

IOWA

Gassner & Clark Co.
Tel: (319) 393-5763
Fax: (319) 393-5799

KANSAS/NEBRASKA

Rush & West Associates
Tel: (913) 764-2700
Fax: (913) 764-0096

KENTUCKY

Victory Sales
Tel: (937) 436-1222
fax: (937) 436-1224

MD/VA/DE/WV

Strategic Sales, Inc.
Tel: (410) 995-1900
Fax: (410) 964-3364

MASSACHUSETTS

Advanced Tech Sales, Inc.
Tel: (978) 664-0888
Fax: (978) 664-5503

MICHIGAN

Victory Sales
Tel: (734) 432-3145
Fax: (734) 432-3146

MINNESOTA

OHMS Technology, Inc.
Tel: (612) 932-2920
Fax: (612) 932-2918

MISSOURI

Rush & West Associates
Tel: (314) 965-3322
Fax: (314) 965-3529

NEW JERSEY

Strategic Sales, Inc.
Tel: (201) 842-8960
Fax: (201) 842-0906

BGR WYCK
Tel: (609) 727-1070
Fax: (609) 727-9633

NEW MEXICO

Summit Sales
Tel: (602) 998-4850
Fax: (602) 998-5274

NEW YORK

Strategic Sales, Inc.
Tel: (201) 842-8960
Fax: (201) 842-0906

Tri-Tech Electronics, Inc.
Tel: (716) 385-6500
Fax: (716) 385-7655

OHIO WORLDWIDE
Victory Sales
Tel: (216) 498-7570 AUSTRALIA

Fax: (216) 498-7574

Tel: (937) 436-1222
Fax: (937) 436-1224

Zatek Components
Tel: 61-2-8-744-5711
Fax: 61-2-9-744-5527

Tel: 61-3-8574-9644

OKLAHOMA
CompTech Fax: 61-3-9574-9661
Tel: (918) 266-1966 AUSTRIA
Fax: (918) 266-1801 Elbatex

Tel: (41) 56-43-75-11-11
Fax: (41) 56-26-14-86

BELGIUM, LUX
Alcom Electronics nv/sa
Tel: 32-3-458-3033
Fax: 32-3-458-3126

BRAZIL
Colgil Comercial Ltda.
Tel: 011-55-11-3666-7660
Fax: 011-55-11-3666-9131

CHINA
Comex Technology
Tel: (86-10) 849-9430/8388
Fax: (86-10) 849-9430

Tek: (86-811) 531-5258
Fax: (86-811) 531-5258

Tel: (86-20) 380-7307/5688
Fax: (86-20) 380-7307

Tek: (86-25) 449-1384
Fax: (86-25) 449-1384

OREGON
| Squared, Inc.
Tel: (503) 670-0557
Fax: (503) 670-7646

PENNSYLVANIA
Victory Sales
Tel: (216) 498-7570
Fax: (216) 498-7574

BGR WYCK
Tel: (609) 727-1070
Fax: (609) 727-9633

PUERTO RICO
QXi of Florida, Inc.
Tel: (954) 341-1440
Fax: (954) 341-1430

SOUTH CAROLINA
Rep, Inc.
Tel: (919) 469-9997
Fax: (919) 481-3879

TENNESSEE
Rep, Inc.
Tel: (423) 475-9012

Microlink Intl’ Co.
Fax: (423) 475-6340

Tel: (602) 276-7808

TEXAS Fax: (802) 276-8211
CompTech Sales
Tel: (817) 640-8200 P&s

Tel: (86) 27 7493500/3506
Fax: (86) 27 7491166

Tel: (86) 10 62549897
Fax: (86) 10 62536518

Tel: (86) 21 64714208
Fax: (86) 21 64714208

Tel: (86) 755 3245517
Fax: (86) 755 3353183

Tel: (86) 28 5575657
Fax: (86) 28 5563631

Tel: (86) 25 4508571
Fax: (86) 25 4526775

Fax: (817) 640-8204

Tel: (512) 257-8553
Fax: (512) 272-9436

WASHINGTON
| Squared, Inc.
Tel: (425) 739-2259
Fax: (425) 739-2221

WISCONSIN
Victory Sales
Tel: (414) 789-5770
Fax: (414) 789-5760

OHMS Technology, Inc.
Tel: (612) 932-2920

Fax: (612) 932-2918 Tel: (852) 23142786

WYOMING Fax: (852) 23142305
Waugaman Associates, .
Inc. Wuhan Liyuan Computer Ltd.

IDAHO
| Squared, Inc.
Tel: (503) 670-0557
Fax: (503) 670-7646

ILLINOIS
Victory Sales
Tel: (847) 490-0300
Fax: (847) 490-1499

Tel: (607) 722-3580
Fax: (607) 722-3774

NORTH CAROLINA
Rep, Inc.
Tel: (919) 469-9997
Fax: (919) 481-3879

Tel: (303) 926-0002
Fax: (303) 926-0828

DISTRIBUTORS

Arrow Electronics

Avnet Electronics Marketing

Marsh Electronics
Port Electronics
Bell Micro Products
Wyle Laboratories
Zeus Electronics

Tel: 86-27-7802986
Fax: 86-27-7802985

DENMARK
Jakob Hatteland A/S
Tel: (45) 42-571000
Fax: (45) 45-166199

EASTERN EUROPE
Elatec Vertriebs
Tel: 49-89-462-3070
fax: 49-89-460-2403

ENGLAND
Micro Call, Ltd.
Tel: 44-1296-330061
Fax: 44-1296-330065

Silicon Concepts, Ltd.
Tel: 44-1428-751-617
Fax: 44-1428-751-603

FINLAND
Avnet Nortec QY
Tel: 358-0613181
Fax: 358-9-692-2326

FRANCE
AXESS Technology
Tet: 33 (1) 49-78-94-94

Fax: 33 (1) 49-78-03-24

Microel
Tel: 33 (1) 69-07-08-24

Fax: 33 (1) 69-07-17-23

GERMANY
Jermyn GmbH
Tel: 49 (06) 431-5080

Fax: 49 (06) 431-508289

Scantec GmbH
Tel: 089/89 91 43-0
Fax: 089/857 65 74

Topas Electronic GmbH
Tel: 0511/9 68 64-0
Fax: 0511/9 68 64-64

GREECE
Radel S.A.
Tel: 301-921-3058
Fax: 301-924-2835
HONG KONG
Comex Technology Ltd.
Tel: 852-2735-0325
Fax: 852-2730-7538

INDIA/PAKISTAN
Pamir Electronics Corp.

Tel: 610-594-8337 (USA)
Fax: 610-594-8559 (USA)

ISRAEL
Star-Tronics, Ltd.
Tel: 972-3-6960148
Fax: 972-3-6960255

ITALY
Comprel SPA
Tel: 39-03624961
Fax: 39-0362496800

Sitverstar
Tel: 39 2661251
Fax: 39 266101359

JAPAN
Internix, Inc.
Tel: B13-3-369-1105
Fax: 813-3-363-B486

Kyocera Corporation
Tel: 813-3-708-3111
Fax: 813-3-708-3372

Nippon Imex Corporation

Tel: 813-3-321-8000
Fax: 813-3-325-0021

KOREA
Semsus Electronics Co.
Ltd.
Tel: 82-2-689-3693
Fax: 82-2-689-3692

MEXICO
CompTech Sales
Tel: (915) 566-1022
Fax: (52) 16-13-21-56

Tel: (52) 83-48-05-69
Fax: (52) 83-47-90-26

Tel: (52) 36-47-83-60
Fax: (52) 36-47-74-03

Tel: (52) 73-18-35-72
Fax: (52) 73-18-55-00

NETHERLANDS
Alcom Electronics bv
Tel: 31-10-288-2500
Fax: 31-10-288-2525

NEW ZEALAND
Apex Electronics
Tel: 644-3853404
Fax: 644-3853483

NORWAY
Henaco A/S
Tel: 47-22-16-21-10
Fax: 47-22-25-77-80

REPUBLIC OF SOUTH
AFRICA
Components & System
Design
Tel: 2711-391-3062
Fax: 2711-391-5130

SINGAPORE
Technology Distribution(s)
Pte, Ltd.
Tel: 65-299-7811
Fax: 65-294-1518

SPAIN, PORTUGAL
Matrix Electronica SL
Tel: 34.1.5602737
Fax: 34.1.5652865

SWEDEN
DipCom Electronics AB
Tel: 46-8-7522480
_Fax: 46-8-7513649

SWITZERLAND
Elbatex
Tel: (41) 56-43-75-11-11
Fax: (41) 56-26-14-86

Laser & Electronic
Equipment

Tel: 41-1-947-50-70

Fax: 41-1-947-50-80

TAIWAN
Ally, Inc.
Tel: 886-02-26967388
Fax: 886-02-26967399

Promate Electronic Co.
Tel: (02) 2659-0303
Fax: (02) 2658-0988

Corporate Headquarters

47280 Kato Road

Fremont, California 94538-7333

Tel: 510-656-5400 Fax: 510-657-5916
800-TEAM-WSI (800-832-6974)

Web Site: http://www.waferscale.com
E-mail: info@waferscale.com

REGIONAL SALES

Midwest

Buffalo Grove, IL
Tel: (847) 215-2560
Fax: (847) 215-2702

Western Area
Irvine, CA

Tel: (949) 453-5992
Fax: (949) 453-5995

Fremont, CA
Tel: (510) 498-1744
Fax: (510) 657-5916

Northeast

Trevose, PA

Tel: (215) 638-9617
Fax: (215) 638-7326

Woburn, MA
Tel: (781) 939-7255
Fax: (781) 939-7253

Southeast
Dallas, TX
Tel: (972) 418-2970
Fax: (972) 418-2971

EUROPE SALES

WSI - France

2 Voie La Cardon
91126 Palaiseau
Cedex, France

Tel: 33 (1) 69-32-01-20

Fax: 33 (1) 69-32-02-19

ASIA SALES

WSI - Asia, Ltd.
Korea Branch

Tel: 82-2-761-1281/2
Fax: 82-2-761-1283
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