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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vi1 (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi. (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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TRI-STATE is a registered trademark of National Semiconductor Corporation.

These commodities, technology or software, must be exported in accordance with the export administration
regulations of the exporting country. Diversion contrary to the law of that country is prohibited.

e The information in this document is current as of November 2008. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

e No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

e NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

o Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

o NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-

designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)
(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

M8E 02.11-1
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Major Revisions in This Edition

A13941EJ7VODMO0 — A13941EJ8V1DMO0

Page Description
p.16 Modification of Table 1-2. Number of Pins Necessary for Testing Mega Macro
pp.83, 84 Addition of 5.1 Overview
p.87 Modification of 5.2.1 Pin function list
pp.90 to 93 Addition of 5.2.2 Pin Descriptions
p.94 Addition of Note.3 in Figure 5-1. Initialization Pattern

Correction of the waveform of CSB in Figure 5-1

p.96 Addition of 5.3.3 Notes on Creating Test Pattern

p.108 Addition of 5.6 (16) Timing in transmission READY FIFO mode (DMA mode = 0)
p.108 Modification of 5.6 (17) Timing in transmission READY FIFO mode (DMA mode = 1)
pp.112 to 122 Addition of 5.8.2 Register Description

p.123 Addition of 5.9 Typical Applications

The mark <R> shows major revised points.
The revised points can be easily searched by copying an "<R>" in the PDF file and specifying it in the "Find what:" field.

To obtain the latest documents when designing, contact an NEC Electronics sales office or a distributer.
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INTRODUCTION

This manual explains how to design gate arrays using the mega macros (large-scale function blocks) of NEC’s
CMOS-9HD Series gate arrays.

Thoroughly read this manual for smooth LSI design.
Be sure to observe the points (general information, cautions, and limitations) described in this manual; otherwise,
the quality and performance of the LS| may be degraded and the LS| may malfunction.

Lineup of Mega Macros

Mega Macro Name Function General-Purpose Models with
Equivalent Functions
NA51A Serial control unit #PD71051
NA54A Programmable timer/counter #PD71054
NA59A Interrupt control unit uPD71059
NZ16550A UART with FIFO PC16550D

Because the gate placement and routing of each macro are predetermined, the internal timing specification of a
macro is the same before and after placement and routing. However, the shape of the macro and the shape of the
master, as well as the number of cells of the macro, must be taken into consideration when selecting the master on
which the macro is to be mounted because the shape of the occupied cell area is fixed. In particular, when using two
or more mega macros and when other hard macros (such as memory macros) are mounted, the combination of the
shapes of the macros is complicated and mounting separate macros must be studied. In this case, consult NEC.
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Related Documents

The related documents indicated in this publication may include preliminary versions. However, preliminary

versions are not marked as such.

e CMOS-9HD Series Design Manual

e CMOS-9HD Series, EA-9HD Series Block Library

e CMOS-9HD Series, EA-9HD Series Memory Block Library

¢ CMOS-9HD Series, EA-9HD Series Mega Macro Design Manual
¢ Design For Test User’'s Manual

e 4PD71059 User's Manual

e 1PD71059 Data Sheet

Note Only Japanese version is available.
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CHAPTER 1 COMMON INFORMATION

This chapter explains the points that always apply when designing a gate array using mega macros. Also refer to
the related documents of each series.

1.1 Development Flow

Figure 1-1 Gate Array Development Flow When Mounting Mega Macros shows a development flowchart

illustrating how mega macros are mounted on a gate array. The points to be noted when mounting mega macros are
explained below.
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Figure 1-1. Gate Array Development Flow When Mounting Mega Macros
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CHAPTER 1 COMMON INFORMATION

1.2 System Design

The points to be considered when studying the specifications of the gate array on which mega macros are mounted

are described in this section.

1.2.1 Selecting master

Because the shape of a mega macro is determined in advance, some mega macros cannot be used, depending on

the master, and the number of cells and shape of the macro. Table 1-1 lists the masters that can be selected when

each mega macro is mounted.

When mounting two or more mega macros or memory macros, a separate study is necessary. Consult NEC.

Table 1-1. Mega Macro Mountable Masters

Master Name

NA51A

NA54A

NAS59A

NZ16550A

1PD65943

<

2

2

<

(PD65944

1PD65945

1PDB5946

1PD65948

1PD65949

HuPD65951

1PDB5954

1PDB5956

uPD65958

< | 2| 2| 22| 2= 2| =

< | 2|22 2 2| <

P R - D ) - e

< | 2| 2| 22| 2|2

Remark +: Supported

Design Manual A13941EJ8V1DM
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1.2.2 Number of pins

To enable NEC to confirm the operation of a mega macro, the user is requested to create a test circuit. Connect
the pins of the test circuit so that the operation of the macro can be monitored from outside the gate array without
inverting the logic of several pins of the macro and without going through a sequential circuit.

Therefore, assign test pins to the gate array. Table 1-2 shows the number of pins necessary for testing each mega
macro. Take these values into consideration when studying the number of pins.

Table 1-2. Number of Pins Necessary for Testing Mega Macro

Mega Macro Name NA51A NA54A NA59A NZ16550A
Necessary number of test Input Dedicated" "’ 1 1 1 1
pins Multiplexed"*>* 23 22 38 32
Output Multiplexed"'*** 15 11 29 20
Notes 1. Be sure to provide a signal for selecting the test mode.

2. When clamping CSE, CSD, and TTHR, the number of pins can be reduced.

3. Be sure to output any pins you do not use.

4. Do not share the test pin of one macro.

16
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1.2.3 Number of test patterns

The test circuit tests each mega macro. The number of patterns necessary for testing each macro is determined

as shown in Table 1-3.

The maximum number of test patterns of a gate array is limited by the series. Because the number of test patterns

of a mega macro is included in this maximum number, create a test pattern that satisfies the conditions indicated

below. Note that the test pattern of each mega macro is prepared by NEC and used only when delivering the LSI, and

is not submitted to the user.

“Maximum number of test patterns for each series”

> ¥ “Number of mega macro test patterns

»Note 1

+ X “Number of user test patterns

»sNote 2

Notes 1. Including when two or more instances of the same mega macro are mounted

2. Including the initialization pattern of the mega macro

Table 1-3. Number of Test Patterns of Each Mega Macro (Per Macro)

Mega Macro Name Number of Test Patterns
NA51A 12874
NA54A 3483
NA59A 7335
NZ16550A 14889

Design Manual A13941EJ8V1DM
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1.2.4 Delay time
When roughly estimating the delay time, use the methods described below. To estimate the delay time more
accurately, use a simulator or delay analysis tool.

(1) Input timing
Use the fanin of the input pins, the AC characteristics, and the block name of each mega macro to investigate the
input timing.

(2) Output timing
Use the fanout of the output pins, the AC characteristics, and the block name of each mega macro to investigate
the output timing.
For reference, expressions to estimate delay time are shown below.

<1> Delay time of input buffer and internal function block
tro =too + (X F/O + 1) xt1 (ns)

<2> Delay time of internal bus
tro=too+ (X F/O+ 1+ (N—-1)x0.96) x t1 (ns)

trp: Propagation delay time (ns)
too: Basic delay time without load (ns)
F/O: Fanout value
I:  Wiring capacitance connected to each output pin
(Refer to the CMOS-9HD Series Design Manual (A12985E)).
t1i:  Delay coefficient of block output pin
N:  Number of 3-state buffers connected to bus

18 Design Manual A13941EJ8V1DM
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1.2.5 Power consumption
The power consumption of each mega macro is calculated by using the operating frequency or read/write access
cycle. The expressions to calculate the power consumption are shown below. These expressions are at Vop = 3.3 V,

Ta =85°C.

(1) Power consumption of NA51A macro (P51)

Series

Expression

CMOS-9HD

P51 =133 x f (uW)

f: Clock frequency (input pin CLK, in MHz)

(2) Power consumption of NA54A macro (P54)

Series

Expression

CMOS-9HD

P54 = 240 x (f0 + f1 + f2) (W)

f0: Counter 0 clock frequency (input pin CLKO, in MHz)
f1: Counter 1 clock frequency (input pin CLK1, in MHz)
f2: Counter 2 clock frequency (input pin CLK2, in MHz)

(3) Power consumption of NA59A macro (P59)

Series

Expression

CMOS-9HD

P59 = 120 x 1/T (4W)

T: Read/write access cycle (us)

(4) Power consumption of NZ16550A macro (P16550)

Series

Expression

CMOS-9HD

P16550 = 361 x f (uW)

f: Clock frequency (input pin XIN, in MHz)

Design Manual A13941EJ8V1DM
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1.3 Circuit Design

Keep in mind the following two points when embedding a mega macro in a circuit. Details of circuit design are
explained from 1.3.1 onwards.

(1) Processing of output pins of mega macro
A mega macro is provided with 3-state output control signals so that a bus can be configured. Because there is a
possibility that the input signal of a cell may float inside the ASIC, therefore, provide a circuit that prevents floating
when using 3-state output signals.

(2) Test circuit for each mega macro
Because the operation of each mega macro is tested using NEC’s test pattern, be sure to design the test circuit
so that the operation of each macro can be monitored from the external pins of the gate array without inverting the
logic of the test pins of the macro and without going through a sequential circuit. Conduct a through path test as
your application requires.

1.3.1 Internal configuration of mega macro
Figure 1-2 shows the internal configuration of the mega macro. The mega macro is provided with an output control

circuit and a test circuit in the block that realizes the functions of the mega macro.

Figure 1-2. Internal Circuit Configuration of Mega Macro

Normal pin ©—{ 1 Mega macro 0 | o o
function block o
TBIx O—| 0 — 1 I/X (3-state output)
TESTB ©

\ © Cxxx
CSD © ) (3-state output control

or through path)

Normal pin © 1 0 j>
TBIx O 0 ! !
CSE ©

Normal pin ©O—| 1 g =0 XxxXX
TBIX G~ o 1 (output)

Normal pin O——— 1
TBIx O——| 0 :)—4—(@ SXxX
T (dedicated to through path)

TTHR ©
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1.3.2 Mode

The mega macro has several modes to facilitate application design and creating circuits. To control these modes,
the following pins are provided:

e TESTB: Selects a test mode for each mega macro.

e TTHR: Selects a through path test mode.

e CSE: Forcibly enables the 3-state output pin of the mega macro. Fix the level of this pin by using F091.
e CSD: Controls the 3-state control pin of the mega macro.

(1) Operation mode of mega macro
The operation mode of the mega macro is selected by a combination of the TESTB and TTHR pins. Table 1-4

shows the truth table. Control the 3-state output pin separately.

Table 1-4. Operation Modes of Mega Macro

TTHR TESTB Normal Input Pin Test Input Pin Mode
0 0 Invalid Valid Mega macro test mode
0 1 Valid Invalid Normal operation
1 0 Invalid Valid Post-macro stage test mode

(through path test)

1 1 Valid Invalid Pre-macro stage test mode
(through path test)

¢ Mega macro test mode
In this mode, the test input pins of the mega macro become valid and operate normally. The result of the
normal operation is output from a function block of the mega macro to the output pins.

¢ Normal operation
In this mode, the normal input pins of the mega macro become valid and operate normally. The result of the
normal operation is output from a function block of the mega macro to the output pins.

¢ Post-macro stage test mode (through path test)

In this mode, the test input pins of the mega macro become valid. The signals of the corresponding test input
pins are output to the output pins as is.

¢ Pre-macro stage test mode (through path test)

In this mode, the normal pins of the mega macro become valid. The signals of the corresponding normal input
pins are output to the output pins as is.
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(2) Output control mode of mega macro

Table 1-5. Output Control Truth Table of Mega Macro

TTHR CSE CSD 3-State Output 3-State Control Other Output Pins Output Pin Dedicated
Pin"*? Pin Through Path™*?
0 0 0 Hi-Z 0 Normal operation 0
0 0 1 Normal operation Normal operation
0 1 0 Hi-Z is not output. 0
0 1 1 Normal operation
1 0 0 Hi-Z Through path Through path Through path
1 0 1 Through path
1 1 X

Notes 1. Control the output buffer by using the CSD pin when CSE = 0 for the through path test.

2. Some macros do not have a dedicated through path output pin.

Exercise care in controlling the 3-state output pin of the mega macro so that a high impedance is not input to the

circuit in the stage succeeding the mega macro.

control the control signals so that the bus does not float or fight.

22
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1.3.3 Connecting mega macro and user circuit

(1) Basic rule

<1>

<2>

<3>

Connection to test each mega macro
Basically, externally connect all the output pins, except the test input and 3-state control pins of the mega
macro, as the pins of the gate array.

Adjusting fanout

Make sure that the fanout limit is not exceeded when connecting the input and output pins of the mega
macro to the user circuit. For the fanin and fanout limits of the mega macro, refer to the description of each
macro.

Handling of unused pins

Fix the input pins not used with the mega macro to “H” or “L” level by using F091. The output pins not used
with the mega macro are used to test each mega macro; therefore, connect all the pins, except the 3-state
control pins, for testing.
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(2) Connection of mega macro and interface block
How to connect the pins of the mega macro to the pins of the gate array via interface block is explained below.

<1> Input pins
Connect input pins to a normal pin and a test pin via an input buffer (this pin is shared between normal

operation and testing each macro).

Figure 1-3. Connection with Input Pins

Outside Inside
gate array gate array
Mega macro
| Normal pin
[_\
/ |
Input buffer
TBIx
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<2> Output pins
Connect the non-3-state output pins of the macro to output pins via an output buffer as is. Connect the 3-
state output pins of the macro to the signal input of the 3-state buffer, and connect the 3-state control pins to
the control signal input of the 3-state buffer. At this time, control CSE and CSD of the macro to make sure
that the signal input of the 3-state buffer does not float.

Figure 1-4. Connection with Output Pins

Inside Outside
gate array gate array

Mega macro

]
N

Non-3-state output

:> 3-state output

| CsSD

H ‘
T CSE

<3> Bidirectional pins
Connecting the input pins or output pins of the mega macro as the gate array pins via a bidirectional buffer is
possible. However, note the following.

e  When connecting input pin to bidirectional pin

Be sure to set the input mode when testing the macro.
e When connecting output pin to bidirectional pin

Be sure to set the output mode when testing the macro.
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(3) Connection of mega macro and function cell

<1> Output and input pins other than 3-state pins
Connect these pins to function cells so that the fanout limitations are satisfied. In doing so, make sure that
all the input pins and all the output pins except the 3-state control pins can be monitored from outside the
gate array.

<2> 3-state output pins
Because a high impedance may be output to the output pin of the macro, take countermeasures against the
high impedance in any of the following three ways:

e By using AND, NAND, OR, or NOR gate in the next stage
Connect an AND, NAND, OR, or NOR gate with three inputs or less, and input signals including the
control signals. When making this connection, determine the logic so that the output value of the AND,
NAND, OR, or NOR gate is determined regardless of the 3-state output of the macro when the control
signal is inactive. Do not use any gate other than above.

Figure 1-5. Examples of Using AND and OR Gates

Mega macro

D

N/

T )
|

Mega macro

J
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¢ Configure bus with F091
Assert the control signal of the 3-state block connected to FO91 active when the 3-state output of the
macro is inactive (high-impedance), by using F091 and a 3-state buffer as shown in Figure 1-6.

Figure 1-6. Example of Connecting Bus by Using F091

F091

H
Mega macro

L

T ).
|

* Fix CSE to “H”
If CSE is fixed to “H”, a high impedance is not output to the output pin of the macro. Therefore, no special
countermeasures against high impedance are necessary.
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1.3.4 Assigning test signal

Although test pins are assigned to test each mega macro, a test signal and a normal signal are shared in most
cases. To share a normal signal and a test signal, bear in mind the following three points:

* When pins are shared in the normal mode and test mode, use the control pins of the interface block so that a
test signal can be accurately input or output in the test mode.

* Supply the clock signal of the mega macro from an input pin without sharing the pin with any other output signal,
regardless of whether the pin is for normal input or test input.

* Note that normal pins using a GTL interface buffer, N-ch open-drain buffer, or CMOS 5 V withstand voltage
output buffer cannot be used as test pins.

Figure 1-7. Example of Sharing Input Pin and Normal Output Pin of Mega Macro

Other function block

Mega macro :>

|: — Normal pin

—C0 TBIx

[]
W

|: r—CO TESTB I

Inside
gate array
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1.3.5 Through path test

A through path test is used to test the user circuit connected to the mega macro. The signals input to the normal
pins or test pins are output to the output pin of the macro, bypassing the macro function realization block.

By selecting a normal pin or test pin by using TESTB, the pre-macro-stage circuit and post-macro-stage circuit can
be tested. To test the pre-macro-stage circuit, the output signals of the user circuit connected to the input pins of the
mega macro are output to an output pin of the macro as is. To test the post-macro-stage, the signals input from the
test pins of the mega macro are supplied to the user circuit via the output pins of the macro and tested.

Figure 1-8. lllustration of Normal Operation

Pre-macro- Post-macro-

stage circuit stage circuit
Input ! Mega macro 0
pin 0 function block 1 1 ® Output

0 pin
TESTB ® Inside
mega macro
TTHR ©
Inside
gate array
Figure 1-9. lllustration of Testing Each Mega Macro
Pre-macro- Post-macro-
stage circuit stage circuit
1 0
Input © Mega macro
pin 0 function block 1 1 Output
0 pin
TESTB O Inside
mega macro
TTHR ©
Inside
gate array
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30

Figure 1-10. lllustration of Testing Pre-Macro-Stage Circuit (Through Path Test)

Pre-macro- Post-macro-
stage circuit stage circuit
1 0
Input  © Mega macro
pin 0 function block 1 1 ® Output
0 pin
TESTB ® Inside
mega macro ﬂ
TTHR ©
Inside
gate array
Figure 1-11. lllustration of Testing Post-Macro-Stage Circuit (Through Path Test)
Pre-macro- Post-macro-
stage circuit stage circuit
1 0
Input  © Mega macro
pin 0 function block 1 1 Output
0 pin
TESTB QO Inside
mega macro
TTHR ©
Inside
gate array
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1.3.6 Circuit example
An example of a circuit when mounting multiple mega macros is shown below.

Figure 1-12. Example of Circuit When Mounting Multiple Mega Macros

Mega macro A

Normal Normal

Input pin [>— input output — > Output pin

Txxxx

TESTB
| CSD
—| CSE

Mega macro B

Normal Normal
input output

TXXXX

TESTB
CSD
CSE

[

Pre-macro-stage circuit
Post-macro-stage circuit

Mega macro C

Normal Normal
input output

TXXXX

TESTB
t— CSD
—| CSE

Test
input pin D

H

Test decoder Test output selector

TOAX
TOBx
TOCx

F091

TOx : > Test output pin

TESTBB
TESTBC

TESTB TESTBA
SEL1
SELO

SEL1
SELO
TESTB

TESTB [
SEL1 [
SELO [
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Table 1-6. Test Decoder Truth Table

macro is “0” and TESTB of other mega macros is “1”.

32
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Take care to avoid floating because the mega macro outputs include 3-state outputs.

Input Output
TESTB SELA1 SELO TESTBA TESTBB TESTBC
1 X X 1 1
0 0 0 0 1
0 0 1 1 0
0 1 0 1 1
X: “0” Or “1 ”
Table 1-7. Test Output Selector Truth Table
Input Qutput
TESTB SEL1 SELO TOAx TOBx TOCx TOx
1 X X X X X X
0 0 0 TOAX X X TOAX
0 0 1 X TOBx X TOBx
0 1 0 X X TOCx TOCx
% “0” or “1”

During the mega macro test, create the circuit and initialization pattern so that only TESTB of the target mega
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1.4 Notes on Creating Test Pattern
This section describes notes on creating a test pattern.

1.4.1 Notes on creating a mega macro initialization pattern

Because the internal circuit of the mega macro is not initialized unless an initialization pattern is used, be sure to
add an initialization pattern for the mega macro at the beginning of the test pattern. Moreover, because the
initialization pattern differs depending on the mega macro, initialize each macro by referring to the corresponding field
of each macro.

Initialization may not be performed correctly because of the circuit configuration if a loop circuit exits between the
mega macro and other user circuits. Therefore, also initialize any sequential circuit that constitutes a loop.

If the test pattern is divided, provide an initialization pattern for each test pattern.

1.4.2 Notes on creating a mega macro test setting pattern
The following six cautions must be observed to ensure normal operation of mega macro test patterns.

(1) Timing specification is prohibited
Do not specify RZ or the NRZ modulation.

(2) Initialization of a user logic other than a mega macro
Initialize so that a defined value is input to the mega macro normal pin from the user logic.

(3) Input of an undefined value (X) and Hi-Z to the gate array input pin is prohibited
Input a defined value to the gate array input pin.

(4) Expected values from pins other than the mega macro test output pin
Handle expected values from pins other than the mega macro test output pin as “don’t care”.
Input an expected value to the oscillation block output.

(5) Defining input mode for the input/output buffer
Define the direction of input/output, regardless of the output state of the mega macro test pin.

(6) Dealing with a mega macro that cannot be accessed directly
Settings to ensure that the mega macro is visible from outside the gate array should also be incorporated as a
mega macro test setting pattern if the TESTB pin cannot be directly accessed externally or the unit does not have
a decoder configuration.
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test input

plnNote 2

Input pin“ee3® [

Notes 1.
2.

34

Mega macro
test input
Bidirectional
pinNote 2

Mega macro C

Bidirectional C)*%
>

Figure 1-13. Creating a Mega Macro Test Setting Pattern

C|rCU|t
|n|t|a||zat|on

Defined value

input to normal pin

\

User logic

L[ Normal
\ input pin

7}Test
input pin

Mega macro

Normal
output pin

{

User logic

User logic

Inside gate array

Output pinNete?

Mega macro
test output

SEL! D E:> Mega macro
test output

D—E:} Output pinNete

don’t care
Define input/output direction

During input: defined value input

During output: don’t care
Defined value input
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1.4.3 Limit of maximum number of test patterns
A test pattern is configured as shown in Figure 1-14. Make sure that the total number of these patterns does not
exceed the maximum number of test patterns determined for each series.

Figure 1-14. Breakdown of Test Pattern

(a) Mega macro initialization pattern and user pattern

Mega macro initialization pattern User pattern
| ¢ |
D)
Initialization pattern Initialization pattern
of mega macro (A) of mega macro (Z)
((
)

(b) Mega macro test setting pattern and mega macro test pattern

Mega macro test setting pattern of

Mega macro test pattern of mega macro (A
mega macro (A) 9 P g (A)

Mega macro test setting pattern of

Mega macro test pattern of mega macro (Z
mega macro (Z) 9 P 9 @)

Remark Indicates configuration when multiple (A) to (Z) mega macros are used.

(1) Mega macro initialization pattern
Create a pattern for each mega macro mounted.

(2) User pattern
This is a test pattern for the circuit created by the user. Change the levels of all the 1/O pins related to the
functions used by the mega macro from “0” to “1” or from “1” to “0”.

(3) Mega macro test setting pattern
Create a pattern for each mega macro mounted.

(4) Mega macro test pattern
This pattern is used by NEC for delivery inspection and does not have to be created by the user. The test pattern
length basically differs depending on the types of and the total number of macros used. For details, refer to Table
1-3 Number of Test Patterns of Each Mega Macro (Per Macro).
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1.4.4 Notes on clock input
Supply a clock signal™® from an input pin, not a bidirectional pin, regardless of whether the pin is a normal pin or
test pin.

Note The “clock signal’ means the signal described as “clock” in the Function column in 2.1, 3.1, 4.1, and 5.2.

1.5 Other Points to Be Noted

(1) Each mega macro and its equivalent general-purpose product may partly differ from each other in terms of
functions. Refer to the description of each mega macro.

(2) Note that an unexpected timing error may occur inside the mega macro when simulation is executed in the
through path mode.

(3) For interfacing, create a mega macro test specification and submit it to NEC by referring to A.1 Mega Macro Test
Specification.
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This chapter explains the functions of the NA51A.
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Block Type Function
NA51A Universal synchronous/asynchronous receiver/transmitter
NA51A
DI0O — —— DOO0 -
TBIO — L DO1 Features
DI1 — — DO2  Compatible functions with xPD71051
Tg:; ] e 882 * Maximum operating frequency: 33 MHz
B2 | Dos * Baud rate: DC to 660 Kbps
DI3 — —— DO6
TBI3 — —— DO7
DIl4 — —— OSYN
TBI4 — —— TXD
DI5 — —— TXRDY Caution
B o oee « Do not input spike to CLK, RXC, TXC,
DI7 — [O— RTSB
TBI7 — (O>— CDB Note 1
CLK — —— CSYN Note 2
TBI8 — —— THRCD
DSRB —(} —— THRCS } Note 3
TBI9 — —— THRRST.
CTSB —(
TBI10 —
RXD —
TBI11 —
RXC —
TBI12 —
TXC —
TBI13 —
SYN —
TBI14 —
WRB —()
TBI15 —
RDB —(}
TBI16 —
CD —
TBI17 —
CSB —(}
TBI18 —
RST —
TBIH9 — | Notes 1. Output control signal of DO7 to DOO
TESTB — 2. Output control signal of OSYN
CSD — 3. Through path output signals of CD, CSB, and RST
GSE — for pre-macro and post-macro-stage test of mega macro
Note 4 TTHR — 4. Through path/normal mode select pin

Remark The input signal pins with “TBI” prefixed are test pins.

Number of cells used (configuration) 2904 (121 x 24)

Mega macro test pattern length 12874
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2.1 NAS51A Pins

Pin Name /0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
DIO Input Data bus input signal (LSB) TBIO 2.4 F424
DI Input Data bus input signal TBI 2.4 F424
DiI2 Input Data bus input signal TBI2 2.4 F424
DI3 Input Data bus input signal TBI3 2.4 F424
Dl4 Input Data bus input signal TBI4 2.4 F424
DI5 Input Data bus input signal TBI5 2.4 F424
Di6 Input Data bus input signal TBI6 2.4 F424
DI7 Input Data bus input signal (MSB) TBI7 2.4 F424
CLK Input System clock signal TBI8 25 F101
DSRB Input General-purpose input pin (Data Set Ready) Low TBI9 2.4 F424
CTSB Input Transmit control input pin (Clear To Send) Low TBI10 1.1 L101
RXD Input Serial data receive pin TBI11 2.4 F424
RXC Input Receive clock signal TBI12 1.1 L101
TXC Input Transmit clock signal TBI13 1.1 L101
SYN Input Used to detect external synchronization in TBI14 1.1 L101
synchronization mode
WRB Input Write signal Low TBI15 1.1 L101
RDB Input Read signal Low TBI16 1.1 L101
CD Input “H”: Control word TBI17 1.1 L101
“L”: Character data
CSB Input Chip select signal Low TBI18 1.1 L101
RST Input System reset signal High TBI19 1.1 L101
TESTB Input Test/normal mode selection - 2.4 F154
“H”: Normal mode
“L”: Test mode
CSD Input 3-state output control - 2.4 F111
CSE Input 3-state output control - 1.1 L111
TTHR Input Through path/normal mode select signal - 2.5 F101
“H”: Through path mode
“L”: Normal mode
DOO0 Qutput Data bus output signal (LSB) - 99.0 F53F
DO1 Output Data bus output signal - 99.0 F53F
DO2 Output Data bus output signal - 99.0 F53F
DO3 Output Data bus output signal - 99.0 F53F
DO4 Qutput Data bus output signal - 99.0 F53F
DO5 Output Data bus output signal - 99.0 F53F
DO6 Output Data bus output signal - 99.0 F53F
DO7 Output Data bus output signal (MSB) - 99.0 F53F
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Pin Name I/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
OSYN Output In synchronous mode: - 98.0 F53G
Internal synchronization detection signal
In asynchronous mode:
break signal
TXD Output Serial data transmit pin - 107.0 F154
TXRDY Output Signal indicating transmit data write enable - 107.0 F154
TXEMP Output Signal indicating that the two transmit data - 107.0 F154
buffers are empty
RXRDY Output Signal indicating receive data read enable - 107.0 F154
DTRB Output General-purpose output pin (data terminal - 107.0 F154
ready)
RTSB Output General-purpose output pin (request to send) - 107.0 F154
CDB Output Enable signal of data bus - 107.0 F154
CSYN Output Enable signal of OSYN - 107.0 F154
THRCD Output Through path output pin - 26.0 F312
THRCS Output Through path output pin - 26.0 F312
THRRST Output Through path output pin - 26.0 F312
TBIO Input Test input - 2.5 F424
TBI1 Input Test input - 2.5 F424
TBI2 Input Test input - 2.5 F424
TBI3 Input Test input - 2.5 F424
TBIl4 Input Test input - 2.5 F424
TBI5 Input Test input - 25 F424
TBI6 Input Test input - 2.5 F424
TBI7 Input Test input - 2.5 F424
TBI8 Input Test input - 2.5 F101
TBI9 Input Test input - 25 F424
TBI10 Input Test input - 1.1 L101
TBI11 Input Test input - 2.5 F424
TBI12 Input Test input - 1.1 L101
TBI13 Input Test input - 1.1 L101
TBI14 Input Test input - 1.1 L101
TBI15 Input Test input - 1.1 L101
TBI16 Input Test input - 1.1 L101
TBI17 Input Test input - 1.1 L101
TBI18 Input Test input - 1.1 L101
TBI19 Input Test input - 1.1 L101
Remark Input: Input pin

40

Output: Output pin
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Remarks 1. TBIx is a test input pin. A signal can be input from TBIx by making the TESTB input low. Make a
connection so that signals can be directly input to the mega macro from outside the gate array in the
test mode. “Directly” here means a circuit configuration where the input signal is not inverted and no
sequential circuit such as a flip-flop is inserted in between.

TESTB Input Pin
1 Normal pin“
0 TBIx

Note Input a defined value of 0 or 1 to the test
input pins in the normal mode (it does not
matter if 0 and 1 are mixed).

2. Functions of CSD input and CSE input
CSE input : Turns on (high or low level) all the 3-state outputs when “1” is input to this pin.
CSD input: Turns off (high-impedance: Hi-Z) of all the 3-state outputs when “0” is input to this pin
while CSE = “0".
When “1” is input, the 3-state outputs are turned on/off by an internal control signal of
the mega macro (normal operation).

CSE CSD Status of Output Pin Status of 3-State Output Pin"™
0 0 Normal operation Hi-Z
0 1 Normal operation Normal operation
1 - Normal operation Hi-Z is not output.

Note 3-state pins are DO7 to DO0 and OSYN.

3. When CSE = “0”, the Hi-Z status of the 3-state output buffer can be checked by monitoring the
output value of the corresponding output control signal.

“Hi-Z” Pin Corresponding Output Control Signal and Output
DO7 to DOO CDB 0
OSYN CSYN 0

When CSE = “1”, the status of the buffer is not affected by the 3-state output control signal (the 3-
state output does not go into a “Hi-Z” state).

4. CSE and CSD can be fixed by clamping. Fix CSD to 1 when clamping it.
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Remarks 5. Operating status of output pin depending on combination of TTHR, CSE, and CSD

TTHR Pin | CSE Pin CSD Pin 3-State Output Pin 3-State Control Pin Other Pins Through Path Pin
(DOx) (CDB(SD)) (Output THRxxx)
0 0 0 Hi-Z 0 Normal operation 0
1 Normal operation Normal operation
1 0 Hi-Z is not output. 0
1 Normal operation
1 0 0 Hi-Z Through path Through path Through path
1 Through path
1 X
6. I/O pin correspondence table in through path test
The input pins corresponding to the mega macro output pins when TTHR = “1” are as follows:
Output Pin Through Path Corresponding Pin Output Pin Through Path Corresponding Pin
TESTB=1 TESTB=0 TESTB =1 TESTB=0
DOO0 ][0} TBIO TXRDY CTSB TBI10
DO1 DI TBI TXEMP RXD TBI11
DO2 DI2 TBI2 RXRDY RXC TBI12
DO3 DI3 TBI3 DTRB TXC TBI13
DO4 Dl4 TBI4 RTSB SYN TBI14
DO5 DI5 TBI5 CDB WRB TBI15
DO6 DI6 TBI6 CSYN RDB TBI16
DO7 DI7 TBI7 THRCD CD TBI17
OSYN CLK TBI8 THRCS CSB TBI18
TXD DSRB TBI9 THRRST RST TBI19
When TTHR = “1” and CSE = “0”, all the 3-state pins are controlled by CSD (selection between
through path and high impedance).
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2.2 NAS51A Initialization Pattern

The internal status of the mega macro is undefined on starting simulation. Therefore, input the following
initialization pattern to determine the internal status when executing simulation.

L O O I T T 1 T e Y < O Y AN O O s DO IO B
TBits [ | | 1 1 | 1 1
Teite [ 1 1 | | 1 | |
TBI18 : i i 3 3 i : 3
IR  n e E B e
TBI9 ! ! ! ! ! ] : :
TESTB 3 | | 3 3 | | :
Input “0” or “1” to the other input pins (normal input and test input).

Exercise care that “X” is not input.

¢ Value of mega macro output pin after initialization pattern

Pin Name Status

DO7 to DOO Hi-Z
OSYN 0
TXD 1
TXRDY 0
TXEMP 1
RXRDY 0
DTRB 1
RTSB 1
CDB 0
CSYN 1
THRCD 0
THRCS 0
THRRST 0

Cautions 1. NA51A is in the standby mode after the initialization pattern.
2. The clock is necessary during reset (the reset pulse width must be at least 6 clocks).
3. Configure the circuit of the following input pins so that spike is not input:
CLK, RXC, TXC, WRB, RDB, RST
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2.3 Delay Time

Refer to 1.2.4 Delay time.

2.4 AC Characteristics (Ta = —40 to 85°C, Vbb = 3.3 £0.3 V)

(1) Read cycle

Parameter Symbol MIN. MAX. Unit
Address (CSB, CD) setup time (to RDB ) tsar 2 ns
Address (CSB, CD) hold time (from RDB T) tHRA 0 ns
RDB pulse width tRRL 30 ns
Data delay time (to RDB {) toRD 3 9 ns
Data float delay time (to RDB T) tFRD 1 3 ns
Port (DSRB, CTSB) setup time (to RDB |) tspr 20 tevk
CDB high delay time (to RDB {) tcomm 1 3 ns
CDB low delay time (to RDB T) tcoLr 1 3 ns
(2) Write cycle

Parameter Symbol MIN. MAX. Unit

Address (CSB, CD) setup time (to WRB 1) tsaw 1 ns
Address (CSB, CD) hold time (from WRB T) tHwa 0 ns
WRB pulse width twwi 30 ns
Data setup time (to WRB T) tsow 1 ns
Data hold time (from WRB T) tHwD 1 ns
Port (DTRB, RTSB), TXEN delay time (to WRB T) towp 8 tevk
Write recovery time When mode is specified trv 6 tevk
Asynchronous mode 12 tevk

Synchronous mode 16 tevk
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(3) Other timing

Parameter Symbol MIN. MAX. Unit
Clock cycle tovk 30 ns
Clock pulse high-level width tKKH 13.5 ns
Clock pulse low-level width kL 13.5 ns
TXD delay time (to TXCB {) toTkTD 1 5 ns
Setup time of all input pins**®" (to CLK T) tsu 10 ns
Transmitter input clock pulse low-level width 1 xBR treTkL 12 tevk
16 x BR, 64 x BR 1 tevk
Transmitter input clock pulse high-level width 1 xBR tTKTKH 15 tevk
16 x BR, 64 x BR 3 tovk
Transmitter input clock frequency 1 xBR fric"e? DC 660 kHz
16 x BR DC 4400 kHz
64 x BR DC 4400 kHz
Receiver input clock pulse low-level width 1xBR tRKRKL 12 tevk
16 x BR, 64 x BR 1 tovk
Receiver input clock pulse high-level width 1xBR tRKRKH 15 tevk
16 x BR, 64 x BR 3 tevk
Receiver input clock frequency 1 xBR fre*e? 600 kHz
16 x BR 4400 kHz
64 x BR 4400 kHz
RXD setup time (to sampling pulse T) tsrosp™®® 1 US
RXD hold time (from sampling pulse ) trsprD""° 1 us
TXEM delay time toTxeP 20 tevk
TXRD delay time (to TXRD T) toTxr 8 tevk
TXRD delay time (to TXRD {) towTxm 2 6 ns
RXRD delay time (to RXRD T) toRxR 26 tevk
RXRD delay time (to RXRD {) tDRRXR 1 4 ns
OSYN output delay time (internal synchronization) torksy 26 tevk
SYN input setup time (external synchronization) tssyrk 18 tevk
Reset pulse high-level width trsT 6 tevk

Notes 1. Excluding test input pins.

2. The frequency of TXC and RXC is limited in respect to CLK as follows:

1 x BR: frk or frk < 1/30 tcvk

16 x BR, 64 x BR: frk or frk < 1/4.5 tcyk

3. Inasynchronous mode (16 x BR, 64 x BR), there is no problem if the bit widths of RXD serial inputs are
equal to the set number of bits or set transfer rate length.
In asynchronous mode (1 x BR) and synchronous mode, 3 x tcyk or more are required for both tsrosp

and tHsPRD.

Remarks

. BR: Baud rate

Design Manual A13941EJ8V1DM

1. The system clock must be input during reset.
2. Updating the status is delayed by up to 28tcvk after an event has influenced the status.

3. The output load conditions of the propagation delay time are fanout: 1, wiring length: 0 mm.
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2.5 Timing Charts

(1) Write data timing

CD

tsaw

CsSB

tHwa

twwi

WRB

tHwp

tsow

DI7 to DIO

towp

DTRB, RTSB

towTxr

TXRDY /

46
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(2) Read data timing

CD
tsar tHRA
CSB
trRRL
RDB XV 7/
tFrRD
torRD
i~ Hi-Z
DO7 to DOQ ===~ SR S o o S
tsPr
DSRB, CTSB
tDRRXR
RXRDY /_
tcoHR tcoLr

CDB

Design Manual A13941EJ8V1DM
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(3) Receiver clock and RXD

tRKRKL tRKRKH
RXC /
(1 xBR) tk
3tevk 3tevk
Internal { S
sampling 7 K
pulse
‘ tsrosp tHSPRD
RXD Start bit 7Z 1st data bit ><
8 RXCLK 8 RXCLK 16 RXCLK tRKRKH
cycle cycle cycle
\ |
RXC { S
(16 x BR)
tovk| tRKRKL]
KKH 3tevk
Internal n
sampling 7 K
pulse
tsrosp tHSPRD
RXD Start bit 7Z 1st data bit ><

48

Design Manual A13941EJ8V1DM



CHAPTER 2 NA51A MACRO

(4) Transmitter clock and TXD

TXC
(1 x BR)

TXD

TXC
(16 x BR)

TXD

tTKTKL

tTKTKH

toTkTD

totkTD

16 TXCLK cycle

totkTD

AVAVAVAVA

toTkTD

tTkTKL

tTKTKH
]
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(5) Timing of flag

TXEMP

TXRDY

toTxr

toTxerP

WRB /

Note

Note

e XX/ L X XS

Stop Start

RXRDY

\

RDB

torxR

Note

__/

o XX/ N XX A X

Stop Start

Note 1/2 bit.

Rising of the 8th clock if x16 clock is used for sampling.
Rising of the 32nd clock if x64 clock is used for sampling.
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(6) Timing of RXD, SYN, and OSYN

OSYN
(internal synchronization)

tbRKsY

S RVAVAVAVAVAVAVAN

X X X X X X XX

Sync character <—— | — Data character

SYN
(external synchronization)

tssyrk

RXC m
X XX XX

— Data character

Note 1/2 bit.
Rising of the 8th clock if x16 clock is used for sampling.
Rising of the 32nd clock if x64 clock is used for sampling.

(7) Write recovery time

WRB

trv

(8) Main clock

kKL tkkH

CLK x N /

tovk

Design Manual A13941EJ8V1DM
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(9) All input pins (excluding test input pins) and main clock

Input pin

tsu

CLK \
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This chapter explains the functions of the NA54A.
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Block Type Function
NA54A Programmable timer/counter
NA54A
Features
Tg:g ] | 88(1) e Compatible functions with uPD71054
DI1 —] L DO2 * Maximum operating frequency: 33 MHz
TBIH — —— DO3
DI2 — —— DO4
TBI2 —] —— DO5
DI3 — —— DO6
TBI3 — —— DO7
DI4 — —— CNTOUTO ——————————Caution
TBl4 — —— CNTOUTH1 ) ]
DI5 —| L CNTOUT?2 ¢ Do not input spike to CLKO, CLK1,
TBI5 —] [O)— CDB Note 1 CLK2, GATEO, GATE1, GATE2, WRB,
DI6 — —— THRA1 and RDB.
TBI6 — —— THRGATEO
DI7 — —— THRGATEH1
TBI7 — —— THRGATE2 Note 2
CLKO — —— THRWR
TBI8 — —— THRRD
CLK1 — —— THRCS
TBI9 —]
CLK2 —
TBIHO —
A0 —
TBIH1 —
Al —
TBIH2 —
GATEO —
TBI13 —
GATE1 —
TBIH4 —
GATE2 —
TBIH5 —
WRB —()
TBI16 —
RDB —()
TBH7 —
CSB —()
TBI18 — Notes 1. Output control signal of DO7 to DOO
TESTB —(J 2. Through path output pins of A1, GATEO, GATE1,
GSD — GATE2, WRB, RDB, and CSB when pre-/post-mega-
Note 3 T'IQIEE ] macro stage is tested
3. Through path/normal mode select pin
Remark The input signal pins with “TBI” prefixed are test pins.
Number of cells used (configuration) 5076 (141 x 36)

3483

Mega macro test pattern length

54
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3.1 NAS54A Pins

Pin Name /0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
DIO Input Data bus input signal (LSB) TBIO 2.6 F424
DIt Input Data bus input signal TBI1 2.7 F424
DI2 Input Data bus input signal TBI2 2.9 F424
DI3 Input Data bus input signal TBI3 2.9 F424
Di4 Input Data bus input signal TBIl4 2.9 F424
DI5 Input Data bus input signal TBI5 2.9 F424
Dié Input Data bus input signal TBI6 2.7 F424
DI7 Input Data bus input signal (MSB) TBI7 2.7 F424
CLKO Input Clock of counter #0 TBI8 1.1 L111
CLK1 Input Clock of counter #1 TBI9 1.6 L111
CLK2 Input Clock of counter #2 TBI10 1.4 L111
AO Input Address (LSB) TBI11 1.4 L424
Al Input Address (MSB) TBI12 1.7 L424
GATEO Input Gate input of counter #0 TBI13 1.2 L111
GATEA1 Input Gate input of counter #1 TBI14 1.4 L111
GATE2 Input Gate input of counter #2 TBI15 1.4 L111
WRB Input Write signal Low TBI16 1.2 L111
RDB Input Read signal Low TBI17 1.3 L111
CSB Input Chip select signal Low TBI18 1.3 L111
CSD Input 3-state output control - 1.4 L101
CSE Input 3-state output control - 1.6 L111
TTHR Input Through path/normal mode select signal - 3.0 F112
“H”: Through path mode
“L”: Normal mode
TESTB Input Test/normal mode select signal - 2.7 F154
“H”: Normal mode
“L”: Test mode
DOO0 Output Data bus output signal (LSB) - 25.0 F532
DO1 Output Data bus output signal - 25.0 F532
DO2 Qutput Data bus output signal - 25.0 F532
DO3 Qutput Data bus output signal - 25.0 F532
DO4 Output Data bus output signal - 20.0 F532
DO5 Output Data bus output signal - 25.0 F532
DO6 Qutput Data bus output signal - 25.0 F532
DO7 Qutput Data bus output signal (MSB) - 25.0 F532
CNTOUTO | Output Output of counter #0 - 24.0 F101
CNTOUT1 Output Output of counter #1 - 24.0 F101
CNTOUT2 | Output Output of counter #2 - 23.0 F101
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Pin Name I/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
CDB Output Enable signal of data bus - 436.0 F15A
THRA1 Output Through path output pin - 22.0 F312
THRGATEO | Output Through path output pin - 26.0 F312
THRGATE( Output Through path output pin - 23.0 F312
THRGATE2 | Output Through path output pin - 26.0 F312
THRWR Output Through path output pin - 22.0 F312
THRRD Output Through path output pin - 22.0 F312
THRCS Output Through path output pin - 22.0 F312
TBIO Input Test input - 2.6 F424
TBI1 Input Test input - 2.8 F424
TBI2 Input Test input - 2.9 F424
TBI3 Input Test input - 2.9 F424
TBIl4 Input Test input - 2.8 F424
TBI5 Input Test input - 2.9 F424
TBI6 Input Test input - 2.8 F424
TBI7 Input Test input - 2.6 F424
TBI8 Input Test input - 1.3 L111
TBI9 Input Test input - 1.5 L111
TBI10 Input Test input - 1.3 L111
TBI11 Input Test input - 1.4 L424
TBI12 Input Test input - 1.6 L424
TBI13 Input Test input - 1.3 L111
TBI14 Input Test input - 1.3 L111
TBI15 Input Test input - 1.4 L111
TBI16 Input Test input - 1.1 L111
TBI17 Input Test input - 1.2 L111
TBI18 Input Test input - 1.2 L111
Remark Input: Input pin
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Output: Output pin
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Remarks 1. TBIx is a test input pin. A signal can be input from TBIx by making the TESTB input low. Make a
connection so that signals can be directly input to the mega macro from outside the gate array in the
test mode. “Directly” here means a circuit configuration where the input signal is not inverted and no
sequential circuit such as a flip-flop is inserted in between.

TESTB Input Pin
1 Normal pin“
0 TBIx

Note Input a defined value of 0 or 1 to the test
input pins in the normal mode (it does not
matter if 0 and 1 are mixed).

2. Functions of CSD input and CSE input
CSE input: Turns on (high or low level) all the 3-state outputs when “1” is input to this pin.
CSD input: Turns off (high-impedance: Hi-Z) of all the 3-state outputs when “0” is input to this pin
while CSE = “0".
When “1” is input, the 3-state outputs are turned on/off by an internal control signal of
the mega macro (normal operation).

CSE CSD Status of Output Pin Status of 3-State Output Pin"™
0 0 Normal operation Hi-Z
0 1 Normal operation Normal operation
1 - Normal operation Hi-Z is not output.

Note 3-state pins are DO7 to DOO.

3. When CSE = “0”, the Hi-Z status of the 3-state output buffer can be checked by monitoring the
output value of the corresponding output control signal.

“Hi-Z” Pin Corresponding Output Control Signal and Output

DO7 to DOO CDB 0

When CSE = “1”, the status of the buffer is not affected by the 3-state output control signal (the 3-
state output does not go into a “Hi-Z” state).

4. CSE and CSD can be fixed by clamping. Fix CSD to 1 when clamping it.
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Remarks 5. Operating status of output pin depending on combination of TTHR, CSE, and CSD

TTHR Pin | CSE Pin CSD Pin 3-State Output Pin 3-State Control Pin Other Pins Through Path Pin
(DOx) (CDB(SD)) (Output THRxxx)
0 0 0 Hi-Z 0 Normal operation 0
1 Normal operation Normal operation
1 0 Hi-Z is not output. 0
1 Normal operation
1 0 0 Hi-Z Through path Through path Through path
1 Through path
1 X

6. 1/O pin correspondence table in through path test

The input pins corresponding to the mega macro output pins when TTHR = “1” are as follows:

Output Pin Through Path Corresponding Pin Output Pin Through Path Corresponding Pin
TESTB =1 TESTB=0 TESTB =1 TESTB=0

DOO0 ][0} TBIO CNTOUT2 CLK2 TBI10
DO1 DI TBI CDB A0 TBI11
DO2 DI2 TBI2 THRA1 Al TBI12
DO3 DI3 TBI3 THRGATEO GATEO TBI13
DO4 DI4 TBI4 THRGATE1 GATE1 TBI14
DO5 DI5 TBI5 THRGATE2 GATE2 TBI15
DO6 Dl6 TBI6 THRWR WRB TBI16
DO7 DI7 TBI7 THRRD RDB TBI17

CNTOUTO CLKO TBI8 THRCS CSB TBI18

CNTOUT1 CLK1 TBI9

When TTHR = “1” and CSE = “0”, all the 3-state pins are controlled by CSD (selection between
through path and high impedance).
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3.2 NAS54A Initialization Pattern

The internal status of the mega macro is undefined on starting simulation. Therefore, input the following

initialization pattern to determine the internal status when executing simulation.

1 L 5 L ‘101 L ‘151 L |[Example of initialization pattern|
WRB | [ | [ | ! o
! ! ! Mode setting is initialized.
csB I : : — :
! i ! Example of setting counters
w 1 w #0 through #2 in mode 0
A0 to A1 ! ! !
D1 to D7 10H | 50H 90H . OOH
GATERNete | | |
CLKnvee | [T | | M
TESTB ! : 1
RDB 1 1 1

Note n: 0,1,0r2

Input “0” or “1” to the other input pins (normal input and test input).
Exercise care that “X” is not input.

¢ Value of mega macro output pin after initialization pattern

Mode DO7to DOO | CNTOUT2 to CcDB THRA1, THRGATEZ2 to
CNTOUTO THRGATEO, THRWR

0 Hi-Z 0 0 0

1 Hi-Z 1 0 0

2 Hi-Z 1 0 0

3 Hi-Z 1 0 0

4 Hi-Z 1 0 0

5 Hi-Z 1 0 0

Caution Configure the circuit of the following input pins so that spike is not input:
CLKO, CLK1, CLK2, GATEO, GATE1, GATE2, WRB, RDB

The values of CNTOUT2 to CNTOUTO are output when the register of the corresponding counter

is set. If the register is not set, the value is x (undefined).
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3.3 Delay Time

Refer to 1.2.4 Delay time.

3.4 AC Characteristics (Ta = —40 to 85°C, Vbb = 3.3 £0.3 V)

(1) Read cycle

Parameter Symbol MIN. MAX. Unit
Address setup time (to RDB |) tsar 3 ns
Address hold time (from RDB T) tHRA 0 ns
CSB setup time (to RDB |) tscr 1 ns
Low-level RDB pulse width tRRL 30 ns
Data delay time (to RDB {) toRD 4 24 ns
Data float delay time (to RDB T) tFRD 9 20 ns
Data delay time (to address) toap 5 25 ns
Read recovery time tRv 30 ns
CDB high delay time (to RDB |) tcoHm 9 19 ns
CDB low delay time (to RDB T) tcoLr 9 20 ns

(2) Write cycle

Parameter Symbol MIN. MAX. Unit
Address setup time (to WRB 1) tsaw 0 ns
Address hold time (from WRB T) tHwa 10 ns
CSB setup time (to WRB ) tscw 0 ns
Low-level WRB pulse width twwi 30 ns
Data setup time (to WRB T) tsow 4 ns
Data hold time (from WRB T) tHwo 0 ns
Write recovery time trRv 30 ns

60
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(3) Clock, gate timing

Parameter Symbol MIN. MAX. Unit
Clock cycle tevk 30 ns
High-level clock pulse width tKkH 13.5 ns
Low-level clock pulse width kKL 13.5 ns
High-level gate pulse width tagH 15 ns
Low-level gate pulse width teaL 15 ns
Gate setup time (to CLKn T)"* tsek 7 ns
Gate hold time (from CLKn T)"* tHka 1 ns
Clock delay time (to WRB T) (number of counts) towk 0 ns
Clock delay time (to WRB 1) (latch command) tskw 0 ns
Gate delay time (to WRB T) towa 0 ns
Output delay time (to GATEn |)** tpco 4 ns
Output delay time (to CLKn J)** toko 13 ns
Output (initial OUT) delay time (to WRB T) towo 6 ns
Note n=0,1,0r2
Remark The output load conditions of the propagation delay time are fanout: 1, wiring length: 0 mm.
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3.5 Timing Charts

(1) Read cycle timing

A0, A1 <
tsar tHRA
CSB
tscr trRRL
RDB XK 7[
torD trrD
toap
DO710DO0 - escnemne- N S /2 A M-z .
tcoHR tcoLr
CcDB
(2) Write cycle timing
A0, A1
tsaw tHwa
CSB
tscw twwi
WRB xi Z
tsow tHwp |
DI7 to DIO

62
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(3) Read/write recovery time

trv

RDB
trRv trRv
WRB Z
trv
tKKH tevk
towk
CLKmNote 1 / \ Z S
kKL tsek tskw
tHkG tHka
tsak
GATEm"°! Z XUZ A
tagH
towa taaL
Mode  CountV? LatchNote3
tbco toko
towo
OUTmNete ! >

Notes 1. m=0,1,0r2
2. Writing of last byte of number of counts

3. Writing of count latch command or multiple latch command
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This chapter explains the functions of the NA59A.
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Block Type Function
NA59A Interrupt control unit
NA59A
Features
Tglg 1 e 88? ¢ Compatible functions with uPD71059
DI — L DO2 (some functions differ from the functions
TBI{ — —— DO3 of uPD71059. For details, refer to 4.6
TB:% ] [ ng Differences Between NA59A and
DIz — L DO6 uPD71059.)
TBI3 — —— DO7 * Maximum operating frequency: 33 MHz
DI4 — —— SAOO0 or equivalent
TBI4 — —— SAO1
DI5 —] —— SAO2
TBI5 —] — SVO
DI6 — —— INTR
TBI6 —] (O)— CDB Note 1
DI7 —] —— CSA Note 2 Caution
Shlo —] [ 28Vcve*3 1. Do not input spike to WRB, RDB,
TBI8 —] —— ESLCA INTAKB, INTP7 to INTPO, and
SAH — — ESLC2 RST.
TBI9 — —— ESLC3
SAI2 —] —— ESLC4
TBIHO — —— ESLC5
SVB —— ESCL6
TBI11 — — ESLC7
CSB —— INTOO
TBI12 — — INTO1
WRB —— INTO2
TBI13 — —— INTOS3
RDB —— INTO4
TBI14 —] — INTO5
A — e
TBI15 — —
INTAKB —( — THRCSB
TBI16 — —— THRWRB
INTPO — —— THRRDB
TBI17 — — THRAO
INTP1 — —— THRINTP3 - Note 4
TBI18 — -—— THRINTP4
INTP2 — —— THRINTP5
TBI19 — —— THRINTP6
INTP3 — —— THRINTP7
TBI20 —
INTP4 —
I-IIZIB"I'IS; 1 Notes 1. Output control signal of DO7 to DOO
TBI22 — 2. Output control signal of SAO2 to SAOO
INTP6 — 3. Output control signal of SVO
ILE_?_ISS ] 4. Through path output pins of CSB, WRB, RDB, A0,
TBI2471 _ | and INTP7 to INTP3 when pre-/post-mega-
IRLO — macro stage is tested
TBI25 —
IRL1 —
TBI26 —
IRL2 —
TBI27 —
IRL3 —
TBI28 —
IRL4 —
TBI29 —
IRL5 —
TBI30 —]
IRL6 —
TBI31 —
IRL7 —
TBI32 —
INTCON —
TBI33 —
TESTB —
RST —
CSD —
CSE —
TTHR —

Remark The input signal pins with “TBI” prefixed are test pins.

Number of cells used (configuration)

2548 (91 x 28)

Mega macro test pattern length

7335
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4.1 NAS59A Pins

Pin Name 1/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
DIO Input Data bus input signal (LSB) TBIO 2.5 F424
DI Input Data bus input signal TBI 2.4 F424
Di2 Input Data bus input signal TBI2 2.5 F424
DI3 Input Data bus input signal TBI3 25 F424
Dl4 Input Data bus input signal TBI4 25 F424
DI5 Input Data bus input signal TBI5 2.8 F424
Di6 Input Data bus input signal TBI6 2.8 F424
DI7 Input Data bus input signal (MSB) TBI7 2.8 F424
SAIO Input Slave address (LSB) TBI8 2.0 L424
SAN Input Slave address TBI9 1.5 L424
SAI2 Input Slave address (MSB) TBI10 1.5 L424
SVB Input Slave input signal Low TBI11 1.4 L424
CSB Input Chip select signal Low TBI12 2.2 L101
WRB Input Write signal Low TBI13 4.0 F101
RDB Input Read signal Low TBI14 3.3 F101
AO Input Specifies command/data when RD or WR TBI15 2.6 L424
INTAKB Input Interrupt acknowledge signal Low TBI16 3.9 F101
INTPO Input Interrupt request input signal (bit 0) TBI17 1.5 L111
INTP1 Input Interrupt request input signal (bit 1) TBI18 1.2 L111
INTP2 Input Interrupt request input signal (bit 2) TBI19 1.2 L111
INTP3 Input Interrupt request input signal (bit 3) TBI20 1.2 L111
INTP4 Input Interrupt request input signal (bit 4) TBI21 1.3 L111
INTP5 Input Interrupt request input signal (bit 5) TBI22 1.5 L111
INTP6 Input Interrupt request input signal (bit 6) TBI23 1.2 L111
INTP7 Input Interrupt request input signal (bit 7) TBI24 1.2 L111
IRLO Input Level edge select signal (bit 0) H = trig TBI25 1.3 L424
IRL1 Input Level edge select signal (bit 1) H = trig TBI26 1.3 L424
IRL2 Input Level edge select signal (bit 2) H = trig TBI27 1.4 L424
IRL3 Input Level edge select signal (bit 3) H = trig TBI28 1.3 L424
IRL4 Input Level edge select signal (bit 4) H = trig TBI29 1.1 L424
IRL5 Input Level edge select signal (bit 5) H = trig TBI30 1.1 L424
IRL6 Input Level edge select signal (bit 6) H = trig TBI31 1.4 L424
IRL7 Input Level edge select signal (bit 7) H = trig TBI32 1.2 L424
INTCON Input INT output select TBI33 1.4 L424
TESTB Input Test/normal mode select signal - 1.3 L101
“H”: Normal mode
“L”: Test mode
CSD Input 3-state output control - 3.2 F112
RST Input Fix the value of OSV, CSA, CSV High - 1.9 L1114
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Pin Name I/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
CSE Input 3-state output control - 5.0 L111
TTHR Input Through path/normal mode select signal - 3.4 F111
“H”: Through path mode
“L”: Normal mode
DOO0 Qutput Data bus output signal (LSB) - 26.0 F531
DO1 Output Data bus output signal - 26.0 F531
DO2 Output Data bus output signal - 25.0 F531
DO3 QOutput Data bus output signal - 25.0 F531
DO4 Qutput Data bus output signal - 25.0 F531
DO5 Output Data bus output signal - 25.0 F531
DO6 Output Data bus output signal - 25.0 F531
DO7 Qutput Data bus output signal (MSB) - 25.0 F531
SAO0 Output Slave address output signal (LSB) - 25.0 F531
SAO1 Output Slave address output signal - 25.0 F531
SAQ2 Output Slave address output signal (MSB) - 26.0 F531
SVO Output Slave output enable - 26.0 F531
INTR Output Interrupt request signal - 24.0 F101
CDB Output Output control signal of DOO0 to DO7 - 435.0 F15A
CSA Output Output control signal of SAOO to SAO2 - 26.0 F111
Ccsv Output Output control signal of SVO - 26.0 F111
ESLCO Output Interrupt reset output 0 (H = RESET) - 23.0 F101
ESLC1 Output Interrupt reset output 1 (H = RESET) - 24.0 F101
ESLC2 Output Interrupt reset output 2 (H = RESET) - 23.0 F101
ESLCS3 Output Interrupt reset output 3 (H = RESET) - 25.0 F101
ESLC4 Output Interrupt reset output 4 (H = RESET) - 24.0 F101
ESLC5 Output Interrupt reset output 5 (H = RESET) - 25.0 F101
ESLC6 Output Interrupt reset output 6 (H = RESET) - 24.0 F101
ESLC7 Output Interrupt reset output 7 (H = RESET) - 23.0 F101
INTOO Qutput Interrupt output O (H = interrupt) - 24.0 F101
INTO1 Output Interrupt output 1 (H = interrupt) - 24.0 F101
INTO2 Output Interrupt output 2 (H = interrupt) - 26.0 F101
INTO3 Output Interrupt output 3 (H = interrupt) - 26.0 F101
INTO4 Qutput Interrupt output 4 (H = interrupt) - 25.0 F101
INTO5 Output Interrupt output 5 (H = interrupt) - 25.0 F101
INTO6 Output Interrupt output 6 (H = interrupt) - 25.0 F101
INTO7 Qutput Interrupt output 7 (H = interrupt) - 25.0 F101
THRCSB Output Through path output pin - 26.0 F312
THRWRB Output Through path output pin - 26.0 F312
THRRDB Output Through path output pin - 26.0 F312
THRAO Output Through path output pin - 26.0 F312
THRINTP3| Output Through path output pin - 26.0 F312
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Pin Name I/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout

THRINTP4 | Output Through path output pin - 26.0 F312

THRINTP5| Output Through path output pin - 26.0 F312

THRINTP6 | Output Through path output pin - 26.0 F312

THRINTP7| Output Through path output pin - 26.0 F312
TBIO Input Test input 2.6 F424
TBI1 Input Test input 2.6 F424
TBI2 Input Test input 2.6 F424
TBI3 Input Test input 2.7 F424
TBI4 Input Test input 2.7 F424
TBI5 Input Test input 2.8 F424
TBI6 Input Test input 2.9 F424
TBI7 Input Test input 2.9 F424
TBI8 Input Test input 2.5 L424
TBI9 Input Test input 14 L424
TBI10 Input Test input 1.4 L424
TBI11 Input Test input 1.2 L424
TBI12 Input Test input 1.5 L101
TBI13 Input Test input 41 F101
TBI14 Input Test input 3.4 F101
TBI15 Input Test input 2.6 L424
TBI16 Input Test input 3.9 F101
TBI17 Input Test input 1.6 L111
TBI18 Input Test input 1.2 L111
TBI19 Input Test input 1.3 L111
TBI20 Input Test input 1.2 L111
TBI21 Input Test input 1.2 L111
TBI22 Input Test input 1.6 L111
TBI23 Input Test input 1.2 L111
TBI24 Input Test input 1.2 L111
TBI25 Input Test input 1.6 L424
TBI26 Input Test input 1.7 L424
TBI27 Input Test input 1.5 L424
TBI28 Input Test input 1.4 L424
TBI29 Input Test input 1.2 L424
TBI30 Input Test input 1.2 L424
TBI31 Input Test input 1.3 L424
TBI32 Input Test input 1.1 L424
TBI33 Input Test input 14 L424
Remark Input: Input pin
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Output: Output pin
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Remarks 1. TBIx is a test input pin. A signal can be input from TBIx by making the TESTB input low. Make a
connection so that signals can be directly input to the mega macro from outside the gate array in the
test mode. “Directly” here means a circuit configuration where the input signal is not inverted and no
sequential circuit such as a flip-flop is inserted in between.

TESTB Input Pin
1 Normal pin“
0 TBIx

Note Input a defined value of 0 or 1 to the test
input pins in the normal mode (it does not
matter if 0 and 1 are mixed).

2. Functions of CSD input and CSE input
CSE input : Turns on (high or low level) all the 3-state outputs when “1” is input to this pin.
CSD input: Turns off (high-impedance: Hi-Z) all the 3-state outputs when “0” is input to this pin
while CSE = “0".
When “1” is input, the 3-state outputs are turned on/off by an internal control signal of
the mega macro (normal operation).

CSE CSD Status of Output Pin Status of 3-State Output Pin"™
0 0 Normal operation Hi-Z
0 1 Normal operation Normal operation
1 - Normal operation Hi-Z is not output.

Note 3-state pins are DO7 to DOO, SAO2 to SAQQ, and SVO.

3. When CSE = “0”, the Hi-Z status of the 3-state output buffer can be checked by monitoring the
output value of the corresponding output control signal.

“Hi-Z” Pin Corresponding Output Control Signal and Output
DO7 to DOO CDB 0
SAO2 to SAOO CSA 0
SVO Csv 0

When CSE = “1”, the status of the buffer is not affected by the 3-state output control signal (the 3-
state output does not go into a “Hi-Z” state).

4. CSE and CSD can be fixed by clamping. Fix CSD to 1 when clamping it.
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Remarks 5. Operating status of output pin depending on combination of TTHR, CSE, and CSD

TTHR Pin | CSE Pin CSD Pin 3-State Output Pin 3-State Control Pin Other Pins Through Path Pin
(DOx) (CDB(SD)) (Output THRxxx)
0 0 0 Hi-Z 0 Normal operation 0
1 Normal operation Normal operation
1 0 Hi-Z is not output. 0
1 Normal operation
1 0 0 Hi-Z Through path Through path Through path
1 Through path
1 X

6. 1/O pin correspondence table in through path test
The input pins corresponding to the mega macro output pins when TTHR = “1” are as follows:

Output Pin Through Path Corresponding Pin Output Pin Through Path Corresponding Pin

TESTB =1 TESTB=0 TESTB =1 TESTB=0
DOO0 DIO TBIO CDB INTPO TBI17
DO1 DI TBIH CSA INTP1 TBI18
DO2 DI2 TBI2 Csv INTP2 TBI19
DO3 DI3 TBI3 THRCSB CSB TBI12
DO4 DI4 TBI4 THRWRB WRB TBI13
DO5 DI5 TBI5 THRRDB RDB TBI14
DO6 DI6 TBI6 THRAO A0 TBI15
DO7 DI7 TBI7 THRINTP3 INTP3 TBI20
SAOO0 SAIO TBI8 THRINTP4 INTP4 TBI21
SAO1 SAl1 TBI9 THRINTP5 INTP5 TBI22
SAO2 SAI2 TBI10 THRINTP6 INTP6 TBI23
SVO SVB TBI11 THRINTP7 INTP7 TBI24
INTR INTAKB TBI16

When TTHR = “1” and CSE = “0”, all the 3-state pins are controlled by CSD (selection between
through path and high impedance).

70 Design Manual A13941EJ8V1DM




CHAPTER 4 NA59A MACRO

4.2 NAS59A Initialization Pattern

The internal status of the mega macro is undefined on starting simulation.

Therefore, input the following

initialization pattern to determine the internal status when executing simulation.

WRB

RDB

CSB

AO

DI7 to DIO

SAI2 to SAIO

SVB

INTP7 to INTPO

TESTB

CSD

RST

\Example of initialization pattern\

o ]

36H

Necessary pattern

Design Manual A13941EJ8V1DM

Be sure to input this pattern up

to the second pattern for initialization.

This initialization pattern sets the

NA59A in the CALL mode, edge trigger
mode, and single mode with address

gap of 4 bytes.

To use the vector mode or extended

mode, set the third pattern and those

that follow in the mode to be used.

For details of how to set the mode,

refer to Figures 4-2 Initialization Sequence
and 4-3 Initialization Word Format in

4.1 Initialization Word in the xPD71059
Data Sheet (U11932J) (Japanese version only).
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Input “0” or “1” to the other input pins (normal input and test input).

Status of output pin after mode setting

Pin Name Status
DO7 to DOO Hi-Z
CDB 0
SAO2 to SAOO0 0 (single mode and master mode)
Hi-Z (slave mode)
CSA 1 (single mode and master mode)
0 (slave mode)
SVO 1 (buffer mode master)
Hi-Z (buffer mode slave and non-buffer mode)
Csv 1 (buffer mode master)
0 (buffer mode slave and non-buffer mode)
INTR 0
Cautions 1. RST pin

The RST pin is peculiar to the NA59A. This pin makes the status of the NA59A same as that
of the standard model immediately after power application (when SVB = 1).

Be sure to input a signal of “1” to this pin for 10 ns or more immediately after power
application, and input “0” to it after initialization.

By inputting “1” to this pin, the output signals are determined as follows:

SVO ... Hi-Z

CSA ... 1

CSvV..0

The other internal registers are not initialized.

Configure the circuit of the following input pins so that spike is not input:

WRB, RDB, INTAKB, INTP7 to INTPO, RST

4.3 Delay Time

Refer to 1.2.4 Delay time.
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4.4 AC Characteristics (TA = -40 to +85°C, Vbp = 3.3 +£0.3V)

(1) Read timing

Parameter Symbol MIN. MAX. Unit
Address setup time (to RDB |) tsar 1 ns
Address hold time (from RDB T) tHRA 1 ns
Low-level RDB pulse width tRRL 30 ns
High-level RDB pulse width tRRH 30 ns
Data delay time (from CSB) toap 7 ns
Data delay time (from AO) toap 11 ns
Data delay time (from RDB |) torD 4 ns
CDB high delay time (from RDB ) tcoHR 15 ns
Data float time (from RDB T) trRD 7 16 ns
CDB low delay time (from RDB T) teotr 15 ns
BUFR/W delay time (from RDB ) toRBL 3 ns
BUFR/W delay time (from RDB T) toreH 4 ns

(2) Write timing

Parameter Symbol MIN. MAX. Unit
Address setup time (to WRB )" tsaw 4 ns
Address hold time (from WRB T)"* tHwa 1 ns
Low-level WRB pulse width twwi 30 ns
High-level WRB pulse width twwH 30 ns
Data setup time (to WRB T) tsow 4 ns
Data hold time (from WRB T) tHwD 0 ns

Note “Address” means AO and CSB.
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(3) Interrupt timing

Parameter Symbol MIN. MAX. Unit
INTP pulse width"*" tieipL 20 ns
SA setup time (2nd, 3rd INTAKB 1) (slave) tssia 20 ns
Low-level INTAKB pulse width tialAL 30 ns
High-level INTAKB pulse width tiaiaH 30 ns
INT delay time (from INTP T) toipy 5 ns
SA delay time (from 1st INTAKB |) (master) toias 4 ns
Data delay time (from INTAKB ) toiap 4 ns
CDB high delay time (from INTAKB {) tcoHA 15 ns
Data float time (from INTAKB T) triaD 8 17 ns
CDB low delay time (from INTAKB T) teouia 15 ns
Data delay time (from SA) (slave) tosp 11 ns
BUFR/W delay time (from INTAKB |) toiaBL 3 ns
BUFR/W delay time (from INTAKB T) toiasH 3 ns

(4) Other timing

Parameter Symbol MIN. MAX. Unit
Read/write recovery time"™** tRv1 30 ns
INTAKB recovery time"** tRv2 30 ns
INTAKB/command recovery time"*** trva 30 ns

Notes 1. Time necessary for clearing the input latch in the edge trigger mode
2. Time necessary for operation to change from read to write or from write to read
3. Time necessary to start the next INTAKB sequence from the last low pulse of an INTAKB sequence
4. Time necessary for operation to change from INTAKB to command (read/write) or from command to
INTAKB

Remark The output load conditions of the propagation delay time are fanout: 1, wiring length: 0 mm.
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4.5 Timing Charts

(1) Read cycle

A0, CSB ><

tHRA

tsar tRRL

RDB X /

torD tFRD

toap

DO71t0 DO0 ===-=====mmmmmmmmmmmmmme e R

tcoHr tcoLr
CD 7 K

(2) Write cycle

A0, CSB

tsaw twwi tHwA

WRB Z

tsow thwo

DI7 to DIO
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(3) INTAKB sequence (CALL mode) timing

Single mode

Master mode

Slave mode

76

INTP7 to INTPO é
toipi
tipiPL
INTR \
INTAKB LK / K_/_Xi 7
tialaL tFRD
toRD
Hi-Z Hi-Z Hi-Z Hi-Z
DO7 10 DO0 === =======mmsmmmmmmeanomnaannes I N/
Note
SAO2 to SAOO \ \ \ \ \ \ \ \ \
teoun
teomia |
CDB / _\__/_\_
tFiaD
toiap
Hi-Z Hi-Z
DO71t0DOQ  =m=msmmmmmmmmmmmmsmmssmsn s [ N R
tssia
toias
SAO2 to SAOO é
/ | S—
[teoua
tcoHia
CDB P
trp.
tosp | toiap
DO7 to DOO Hi-Z D iz z
SAO21to SAOO ... L2 S SRR
tcoHia tcoua |
CcDB

Note SAO2 to SAQO are output even in the single mode but are meaningless.
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(4) INTAKB sequence (vector mode) timing

INTP7 to INTPO / \

toip)
et ]

tipiPL

INTR

INTAKB

tiaiaL

DO7t0 DOQ  +=======smssmmsammamnemneme e na s me e nnan

SAO2 to SAOO

Single mode

CDB

DO7 10 DOQ  +===r==x=msorumsmnsmnamanannann

toias

SAO2 to SAOO

Master mode
N
™N

tssia

CDB

tosp

tFiaD

970 10 5] 0] J oy

SAO210 SAQQ  += === =rsmmrmmmemma e

tcoLia

Slave mode

tcoHiA

CDB

Note SAO2 to SAOO are output even in the single mode but are meaningless.

Remark Keep INTP input high at least until the INTAKB pulse falls the first time.
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(5) Other timing

RDB
toRBL toRBH
svo \ /
\ /
toiaBL toiaBH
INTAKB

tRRH

RDB \ 71 N\

tRv1 tRv1 tRv1
\ / \
WRE AN/ N
twwH
tialaH tRv2
INTAKB
INTAKB sequence Next INTAKB sequence
RDB/WRB
or
INTAKB
trva

INTAKB
or
RDB/WRB
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4.6

Differences Between NA59A and xPD71059

Level trigger or edge trigger of the interrupt request signal can be selected independently.
Changes in the INTR signal can be prevented while it is high even if WRB goes low.
Each interrupt request signal can be output independently.

A reset signal can be issued independently in response to an interrupt request signal.
Control pins for 3-state and output signals are added.

Test pins are added (TBI33 to TBIO, TESTB, and through path test pin).

DC and AC characteristics, and pin capacitance

Note that because the macro operations of the NA59A other than above are almost the same as those of the
uPD71059, refer to the 4PD71059 User’s Manual (U13042J) (Japanese version only) and 4PD71059 Data Sheet
(U11932J) (Japanese version only) for operation details.

4.7

Notes on Designing Circuit

4.7.1 When using NA59A in same manner as xPD71059

(1)

)

©))

4)

(5)

INTP7 to INTPO

The 4PD71059 has internal pull-up resistors for INTP7 to INTPO, while the NA59A does not. To use the NA59A in
the completely same manner as the uPD71059, connect a buffer with a pull-up resistor to INTP7 to INTPO of the
NA59A.

IRL7 to IRLO, INTCON
Clamp all these pins to low level.

INTO7 to INTOO, ESLC7 to ESLCO
Leave all these pins open. However, output these pins as test pins because they are used for the mega macro
test in the same manner as the other pins.

SAI2 to SAI0, SAO2 to SAOO, CSA
Use a bidirectional buffer and control the output by using CSA.

SVB, SVO, CSV
Use a bidirectional buffer and control the output by using CSV.
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4.7.2 Using IRL7 to IRLO

The 4PD71059 can select an input trigger for INTP7 to INTPO by using IW1, however, the same trigger must be
selected for all these eight pins. The NA59A can set INTPx in the level trigger mode independently by making the
corresponding IRLx high. When IRLx goes low, the corresponding INTPx is set in the edge trigger mode.

If D3 of IW1 is made high, all INTP7 to INTPO are set in the level trigger mode, regardless of the level of IRL7 to
IRLO.

Remark x: 0,1, ....,7
4.7.3 Using INTCON
If data is written to the 4PD71059 while the INTR output is high, the INTR output goes low while WRB is low. With

the NA59A, the INTR output can be kept high even while WRB is low, by making INTCON high in advance, even if
data is written to the NA59A when the INTR output is high.

Figure 4-1. Relationship Between INTCON, INTR, and WRB

INTR / K “ \

WRB \ / When INTCON = “L”

Caution If INTR is connected to INTP of the NA59A (or zPD71059) when it is set in the edge trigger mode,
or to a CPU that is detecting an edge, missing the detection of an interrupt can be prevented.
This is because INTR goes low while WRB is low when the FI command is issued or when a no-
operation command is used to write data.

When INTCON = “H”

If INTCON is high, however, the above feature cannot be used; therefore, use the level trigger
mode.

4.7.4 Using INTO7 to INTOO
INTO7 to INTOO are output in response to the input signals INTP7 to INTPO that serve as the source of the INTR
output. INTPO to INTP7 correspond to INTOO to INTO7, respectively.

4.7.5 Using ESLC7 to ESLCO

These signals are asserted active (high) when ISR (in-service register) is cleared. They are output each time an
interrupt signal that clears these signals is input.
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This chapter explains the functions of the NZ16550A.
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Block Type Function

NZ16550A UART + FIFO

NZ16550A

Features

Tg:g 88? ¢ Compatible functions with PC16550D

DI — DO2 * Maximum operating frequency: 33 MHz

TBI1 — L DO3 or equivalent
D12 — —— DO4
TBI2 — —— DO5
DI3 — —— DO6
TBI3 —] —— DO7
Dl4 —] —— SD Note 1 Caution
TBI4 —] —— CSOUT
DI5 — L DDIS ¢ Do not input spike to SIN, XIN, RCLK,
TBI5 — —— INTRP ADSB, RIB, DCDB, DSRB, CTSB,
Tg:g — & g#lFJ{gOUTB WRB, RDB, CSB, RST, TESTB, CSD,
D7 | = OUTIB CSE, TTHR, and TBI28 to TBI11.
TBI7 — ()— OUT2B
A2 — [)— RTSB
TBI8 —] —— SOUT
Al — [— TXRDYB
TBI9 — [— RXRDYB
A0 — —— THRRDB
TBIHO — —— THRCSB  Note 2
SIN —] —— THRRST

TBI18 —— Notes 1. Output control signal of DO7 to DOO

WRB —() 2. Through path output pins of RDB, CSB, and RST

TBI19 — when pre-/post-mega-macro stages is tested
RDB —(] 3. Through path/normal mode select pin

CSB —()
TBI21 — ]

RST —]
TBI22 —
TESTB —()
CSD —
CSE —]
Note3 TTHR —
TBI23 —
TBI24 —
TBI25 —
TBI26 ——
TBI27 —
TBI28 —

Remark The input signal pins with “TBI” prefixed are test pins.

Number of cells used (configuration) 9774 (181 x 54)

Mega macro test pattern length 14889
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5.1 Overview
5.1.1 General Description

The NZ16550A is an improved version of the original 16450 Universal Asynchronous Receiver/Transmitter (UART).
Functionally identical to the 16450 on powerup (CHARACTER mode) " the NZ16550A can be put into an alternate
mode (FIFO mode) to relieve the CPU of excessive software overhead.

In this mode internal FIFOs are activated allowing 16 bytes (plus 3 bits of error data per byte in the RCVR FIFO) to
be stored in both receive and transmit modes. All the logic is in logic to minimize system overhead and maximize
system efficiency. Two pin functions have been changed to allow signalling of DMA transfers.

The UART performs serial-to-parallel conversion on data characters received from a peripheral device or a
MODEM, and parallel-to-serial conversion on data characters received from the CPU. The CPU can read the
complete status of the UART at any time during the functional operation. Status information reported includes the type
and condition of the transfer operations being performed by the UART, as well as any error conditions (parity, overrun,
framing, or break interrupt).

The UART includes a programmable baud rate generator that is capable of dividing the timing reference clock input
by divisors of 1 to (2'°-1), and producing a 16 x clock for driving the internal transmitter logic. Provisions are also
included to use this 16 x clock to drive the receiver logic. The UART has complete MODEM-control capability, and a
processor-interrupt system. Interrupts can be programmed to the user's requirements, minimizing the computing
required to handle the communications link.

Note Can also be reset to 16450 Mode under software control.
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5.1.2 Features

84

Capable of running all existing 16450 software.

After reset, all registers are identical to the 16450 register set.

In the FIFO mode transmitter and receiver are each buffered with 16 byte FIFO's to reduce the number of
interrupts presented to the CPU.

Adds or deletes standard asynchronous communication bits (start, stop, and parity) to or from the serial data.
Holding and shift registers in the 16450 Mode eliminate the need for precise synchronization between the CPU
and serial data.

Independently controlled transmit, receive, line status, and data set interrupts.

Programmable baud generator divides any input clock by 1 to (2'°-1) and generates the 16 x clock.
Independent receiver clock input.

MODEM control functions (CTSB, RTSB, DSRB, DTRB, RIB, and DCDB).

Fully programmable serial-interface characteristics:

5-, 6-, 7-, or 8-bit characters

Even, odd, or no-parity bit generation and detection

1-, 1 1/2-, or 2-stop bit generation

Baud generation (DC to 1.5M baud).

False start bit detection.

Complete status reporting capabilities.

TRI-STATE® TTL drive for the data and control buses.

Line break generation and detection.

Internal diagnostic capabilities:

Loopback controls for communications link fault isolation

Break, parity, overrun, framing error simulation.

Full prioritized interrupt system controls.

Basic Configuration

I NZ16550A
DI7:DI0,007:D00 | py7:pi0
DO7:DO0 souUT |—
MEMRB or /ORB _| oo SIN |- |
MEMWB or /OWB _| o RTSB |— ., TO RS-232
INTRP INTRPT DTRB DRIVERS G INTERFACE
c RESET RST DSRB |~
P A0 0 DCDB |~——
U A1 CTSB |=—
Al RIB |=——]
B A2 A2
U W — [ ADSB XIN
S TXRDYB
RXRDYB
CSB CSB
BAUDOUTB
RCLK :'

Caution Test pins are omitted.
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5.2 NZ16550A Pin Function

5.2.1 Pin function list

Note 1

Pin Name 110 Function Active Level | Test Pin"*' Fanin/ Block Name
Fanout
DIO Input Data bus input signal (LSB) TBIO 1.1 L424
DIt Input Data bus input signal TBI1 1.1 L424
DI2 Input Data bus input signal TBI2 1.1 L424
DI3 Input Data bus input signal TBI3 1.1 L424
Di4 Input Data bus input signal TBIl4 1.1 L424
DI5 Input Data bus input signal TBI5 1.1 L424
DI6 Input Data bus input signal TBI6 1.1 L424
DI7 Input Data bus input signal (MSB) TBI7 1.1 L424
A2 Input Address signal TBI8 1.1 L424
(used to access internal registers)
A1 Input Address signal TBI9 1.1 L424
(used to access internal registers)
AO Input Address signal TBI10 1.1 L424
(used to access internal registers)
SIN Input Serial data input TBI11 1.1 L111
XIN Input System clock input "*°? TBI12 1.1 L111
RCLK Input Reference clock input for determining reception TBI13 1.1 L1141
I’ate Note 2
ADSB Input Inputs strobe signal to latch address and chip Low TBI14 1.1 L111
select signals
DCDB Input General-purpose input pin (Data Carrier Detect) Low TBI15 1.1 L111
RIB"*® Input General-purpose input pin (Ring Indicator) Low TBI16 1.1 L111
DSRB Input General-purpose input pin (Data Set Ready) Low TBI17 1.1 L111
CTSB Input General-purpose input pin (Clear To Send) Low TBI18 1.1 L111
WRB Input Write signal Low TBI19 1.1 L111
RDB Input Read signal Low TBI20 1.1 L111
CSB Input Chip select signal Low TBI21 1.1 L111
RST Input Reset signal High TBI22 1.1 L111
TESTB Input Test/normal mode selection - 1.1 L101
“H”: Normal mode
“L”: Test mode
CSD Input 3-state output control - 1.1 L101
CSE Input 3-state output control - 1.1 L101
TTHR Input Through path/normal mode select signal - 1.1 L101
“H”: Through path mode
“L”: Normal mode
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Pin Name I/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
DOO0 Output | Data bus output signal (LSB) - 26.0 F531
DO1 Output | Data bus output signal - 26.0 F531
DO2 Output | Data bus output signal - 26.0 F531
DO3 Output | Data bus output signal - 26.0 F531
DO4 Output | Data bus output signal - 26.0 F531
DO5 Output | Data bus output signal - 26.0 F531
DO6 Output | Data bus output signal - 26.0 F531
DO7 Output | Data bus output signal (MSB) - 26.0 F531
SD Output | Enable signal of data bus - 26.0 F101
0: High-impedance forced output
1: Normal 3-state operation
CSOouT Output | Signal indicating chip select status High - 26.0 F101
DDIS Qutput | Driver Disable Low - 26.0 F101
INTRP Output | Signal indicating interrupt status High - 26.0 F101
BAUDOUTB | Output | Output clock from baud rate generator - 26.0 F101
DTRB Output | General-purpose input pin (Data Terminal Ready) Low - 26.0 F101
ouT1B Output | General-purpose input pin (Output1) Low - 26.0 F101
ouT2B Output | General-purpose input pin (Output2) Low - 26.0 F101
RTSB Output | General-purpose input pin (Request To Send) Low - 26.0 F101
SOuUT Output | Serial data output - 26.0 F101
TXRDYB Output | Transmission ready signal Low - 26.0 F101
RXRDYB | Output | Reception ready signal Low - 26.0 F101
THRRDB Output | Through path output test pin (RDB signal) - 26.0 F101
THRCSB | Output | Through path output test pin (CSB signal) - 26.0 F101
THRRST Output | Through path output test pin (RST signal) - 26.0 F101
TBIO Input Test input - 1.0 L424
TBI1 Input Test input - 1.0 L424
TBI2 Input Test input - 1.0 L424
TBI3 Input Test input — 1.0 L424
TBI4 Input Test input - 1.0 L424
TBI5 Input Test input - 1.0 L424
TBI6 Input Test input - 1.0 L424
TBI7 Input Test input — 1.0 L424
TBI8 Input Test input - 1.0 L424
TBI9 Input Test input - 1.0 L424
TBI10 Input Test input - 1.0 L424
TBI11 Input Test input — 1.1 L111
TBI12 Input | Testinput "*°? - 1.1 L111
TBI13 Input | Testinput "*°? - 1.1 L111
TBI14 Input Test input - 1.1 L111
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Pin Name I/0 Function Active Level | Test Pin Fanin/ Block Name
Fanout
TBI15 Input Test input - 1.1 L111
TBI16 Input Test input - 1.1 L111
TBI17 Input Test input - 1.1 L111
TBI18 Input Test input - 1.1 L111
TBI19 Input Test input - 1.1 L111
TBI20 Input Test input - 1.1 L111
TBI21 Input Test input - 1.1 L111
TBI22 Input Test input - 1.1 L111
TBI23 Input Test mode pin - 1.1 L302
TBI24 Input Test mode pin - 1.1 L101
TBI25 Input Test mode pin - 1.1 L101
TBI26 Input Test mode pin - 1.1 L302
TBI27 Input Test mode pin - 1.1 L302
TBI28 Input Test mode pin - 1.1 L302

Notes 1. The (normal) pin and the test pin described in the same line have the same function.
2. Provide a clock pin (a pin described as “clock” in the Function column) using an input pin, not a
bidirectional pin. A pin of pertinence is as follows:
<R> Pin Name : XIN, RCLK, TBI12, TBI13
3. When not using the RIB pin, clamp it to “H” or “L".
When using the RIB pin, satisfy the following timings:

Parameter Symbol MIN. Unit
RIB rise setup time (to RDBJ) tsRiB 5.0 ns
RIB rise hold time (from RDBT) tHRIB 5.0 ns
‘ tsriB RIB change prohibited tHRIB
RIB 7L

RDB"** AV 7L

Note RDB is the timing at which the modem status register is read (MSR A = 6).

Remark Input: Input pin
Output: Output pin

Design Manual A13941EJ8V1DM 87



CHAPTER 5 NZ16550A MACRO

88

Remarks 1. TBIx is a test input pin. A signal can be input from TBIx by making TESTB input low. Make a
connection so that signals can be directly input to the mega macro from outside the gate array in the
test mode. “Directly” here means a circuit configuration where the input signal is not inverted and no
sequential circuit such as a flip-flop is inserted in between.

TESTB Input Pin
1 Normal pin"**
0 TBIx

Note Input a defined value of 0 or 1 to the test
input pins in the normal mode (it does not
matter if 0 and 1 are mixed).

2. Functions of CSD input and CSE input
CSE input : Turned on (high or low level) all the 3-state outputs when “1” is input to this pin.
CSD input: Turned off (high-impedance: Hi-Z) all the 3-state outputs when “0” is input to this pin
while CSE = “0".
When “1”7 is input, the 3-state outputs are turned on/off by an internal control signal of
the mega macro (normal operation).

CSE CSD Status of Output Pin Status of 3-State Output Pin"™
0 0 Normal operation Hi-Z
0 1 Normal operation Normal operation
1 - Normal operation Hi-Z is not output.

Note The 3-state pins are DO7 to DOO.

3. When CSE = “0”, the Hi-Z status of the 3-state output buffer can be checked by monitoring the
output value of the corresponding output control signal.

“Hi-Z” Pin Corresponding Output Control Signal and Output

DO7 to DOO SD 0

When CSE = “1”, the status of the buffer is not affected by the 3-state output control signal (the 3-
state output buffer does not go into a the “Hi-Z” state).

4. CSE and CSD can be fixed by clamping. Fix CSD to 1 when clamping it.
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Remarks 5. Operating status of output pin depending on combination of TTHR, CSE, and CSD

TTHR Pin | CSE Pin CSD Pin 3-State Output Pin 3-State Control Pin Other Pins Through Path Pin
(DOx) (CDB(SD)) (Output THRxxx)
0 0 0 Hi-Z 0 Normal operation 0
1 Normal operation Normal operation
1 0 Hi-Z is not output. 0
1 Normal operation
1 0 0 Hi-Z Through path Through path Through path
1 Through path
1 X

6. 1/0O pin correspondence table in through path test
The input pins corresponding to the mega macro output pins when TTHR = “1” are as follows:

Output Pin Through Path Corresponding Pin Output Pin Through Path Corresponding Pin
TESTB =1 TESTB=0 TESTB =1 TESTB=0
DOO DIo TBIO BAUDOUTB XIN TBI12
DO1 DI TBI DTRB RCLK TBI13
DO2 DI2 TBI2 ouT1B ADSB TBI14
DO3 DI3 TBI3 ouT2B DCDB TBI15
DO4 DI4 TBI4 RTSB RIB TBI16
DO5 DI5 TBI5 SOuUT DSRB TBI17
DO6 DI6 TBI6 TXRDYB CTSB TBI18
DO7 DI7 TBI7 RXRDYB WRB TBI19
SD A2 TBI8 THRRDB RDB TBI20
CSOouUT Al TBI9 THRCSB CSB TBI21
DDIS A0 TBI10 THRRST RST TBI22
INTRP SIN TBI11

When TTHR = “1” and CSE = “0”, all the 3-state pins are controlled by CSD (selection between
through path and high-impedance status).
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5.2.2 Pin Descriptions

The following describes the function of all UART pins. Some of these descriptions reference internal circuits.
In the following descriptions, a low represents a logic 0 (OV nominal) and a high represents a logic 1 (+3.3V
nominal).

A0, A1, A2, Register Select : Address signals connected to these 3 inputs select a UART register for the CPU to
read from or write to during data transfer. A table of registers and their addresses is shown below. Note that the state
of the Divisor Latch Access Bit (DLAB), which is the most significant bit of the Line Control Register, affects the
selection of certain UART registers. The DLAB must be set high by the system software to access the Baud Generator
Divisor Latches.

Register Addresses

DLAB A2 Al AO Register

0 0 0 0 Receiver Buffer (read),
Transmitter Holding
Register (write)

0 0 0 1 Interrupt Enable

X 0 1 0 Interrupt Identification (read)

X 0 1 0 FIFO Control (write)

X 0 1 1 Line Control

X 1 0 0 MODEM Control

X 1 0 1 Line Status

X 1 1 0 MODEM Status

X 1 1 1 Scratch

1 0 0 0 Divisor Latch
(least significant byte)

1 0 0 1 Divisor Latch
(most significant byte)

ADSB, Address Strobe : The positive edge of an active Address Strobe (ADSB) signal latches the Register Select
(A0, A1, A2) and Chip Select (CSB) signals.
Caution An active ADSB input is required when the Register Select (A0, A1, A2) and Chip Select (CSB)
signals are not stable for the duration of a read or write operation. If not required, tie the ADS
input permanently low.

BAUDOUTB, Baud Out : This is the 16 x clock signal from the transmitter section of the UART. The clock rate is
equal to the main reference oscillator frequency divided by the specified divisor in the Baud Generator Divisor Latches.
The BAUDOUTB may also be used for the receiver section by tying this output to the RCLK input of the chip.

CSB, Chip Select : When CSB is low, the chip is selected. This enables communication between the UART and the

CPU. The positive edge of an active Address Strobe signal latches the decoded chip select signals, completing chip
selection. If ADSB is always low, valid chip selects should stabilize according to the tcsw parameter.
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CTSB, Clear to Send : When low, this indicates that the MODEM or data set is ready to exchange data. The CTSB
signal is a MODEM status input whose conditions can be tested by the CPU reading bit 4 (CTS) of the MODEM Status
Register. Bit 4 is the complement of the CTSB signal. Bit 0 (DCTS) of the MODEM Status Register indicates whether
the CTSB input has changed state since the previous reading of the MODEM Status Register. CTSB has no effect on
the Transmitter.

Caution Whenever the CTS bit of the MODEM Status Register changes state, an interrupt is generated if

the MODEM Status Interrupt is enabled

DI0-DI17,D00-DO7, Data Bus : This bus comprises eight TRISTATE input/output lines. The bus provides
bidirectional communications between the UART and the CPU. Data, control words, and status information are
transferred via the DI0-DI7,DO0-DO7 Data Bus.

DCDB, Data Carrier Detect : When low, indicates that the data carrier has been detected by the MODEM or data
set. The DCDB signal is a MODEM status input whose condition can be tested by the CPU reading bit 7 (DCD) of the
MODEM Status Register. Bit 7 is the complement of the DCDB signal. Bit 3 (DDCD) of the MODEM Status Register
indicates whether the DCDB input has changed state since the previous reading of the MODEM Status Register.
DCDB has no effect on the receiver.

Caution Whenever the DCD bit of the MODEM Status Register changes state, an interrupt is generated if

the MODEM Status Interrupt is enabled.

DDIS, Driver Disable : This goes low whenever the CPU is reading data from the UART. It can disable or control
the direction of a data bus transceiver between the CPU and the UART.

DSRB, Data Set Ready : When low, this indicates that the MODEM or data set is ready to establish the
communications link with the UART. The DSRB signal is a MODEM status input whose condition can be tested by the
CPU reading bit 5 (DSR) of the MODEM Status Register. Bit 5 is the complement of the DSRB signal. Bit 1 (DDSR) of
the MODEM Status Register indicates whether the DSRB input has changed state since the previous reading of the
MODEM Status Register.

Caution Whenever the DDSR bit of the MODEM Status Register changes state, an interrupt is generated if

the MODEM Status Interrupt is enabled.

DTRB, Data Terminal Ready : When low, this informs the MODEM or data set that the UART is ready to establish a
communications link. The DTRB output signal can be set to an active low by programming bit 0 (DTR) of the MODEM
Control Register to a high level. A Master Reset operation sets this signal to its inactive (high) state. Loop mode
operation holds this signal in its inactive state.

INTRP, Interrupt : This pin goes high whenever any one of the following interrupt types has an active high condition
and is enabled via the IER: Receiver Error Flag; Received Data Available: timeout (FIFO Mode only); Transmitter
Holding Register Empty; and MODEM Status. The INTRP signal is reset low upon the appropriate interrupt service or
a Master Reset operation.

RST, Master Reset : When this input is high, it clears all the registers (except the Receiver Buffer, Transmitter

Holding, and Divisor Latches), and the control logic of the UART. The states of various output signals (SOUT, INTRP,
OUT 1B, OUT 2B, RTSB, DTRB) are affected by an active RST input (Refer to Table 5-1. and Table 5-2.)
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OUT 1B, Output 1 : This user-designated output can be set to an active low by programming bit 2 (OUT 1) of the
MODEM Control Register to a high level. A Master Reset operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state. In the XMOS parts this will achieve TTL levels.

OUT 2B, Output 2 : This user-designated output that can be set to an active low by programming bit 3 (OUT 2) of
the MODEM Control Register to a high level. A Master Reset operation sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state. In the XMOS parts this will achieve TTL levels.

RCLK, Receiver Clock : This input is the 16 x baud rate clock for the receiver section of the chip.

RDB, Read : When RDB is low while the chip is selected, the CPU can read status information or data from the
selected UART register.
Caution Only an active RDB input is required to transfer data from the UART during a read operation.
Therefore, tie the RDB input permanently high, when it is not used.

RIB, Ring Indicator : When low, this indicates that a telephone ringing signal has been received by the MODEM or
data set. The RIB signal is a MODEM status input whose condition can be tested by the CPU reading bit 6 (RI) of the
MODEM Status Register. Bit 6 is the complement of the RIB signal. Bit 2 (TERI) of the MODEM Status Register
indicates whether the RIB input signal has changed from a low to a high state since the previous reading of the
MODEM Status Register.

Caution Whenever the Rl bit of the MODEM Status Register changes from a high to a low state, an

interrupt is generated if the MODEM Status Interrupt is enabled.

RTSB, Request to Send : When low, this informs the MODEM or data set that the UART is ready to exchange data.
The RTSB output signal can be set to an active low by programming bit 1 (RTS) of the MODEM Control Register. A
Master Reset operation sets this signal to its inactive (high) state. Loop mode operation holds this signal in its inactive
state.

SIN, Serial Input : Serial data input from the communications link (peripheral device, MODEM, or data set).

SOUT, Serial Output : Composite serial data output to the communications link (peripheral, MODEM or data set).
The SOUT signal is set to the Marking (logic 1) state upon a Master Reset operation.

TXRDYB, RXRDYB : Transmitter and Receiver DMA signalling is available through two pins. When operating in the
FIFO mode, one of two types of DMA signalling per pin can be selected via FCR3. When operating as in the 16450
Mode, only DMA mode 0 is allowed. Mode 0 supports single transfer DMA where a transfer is made between CPU
bus cycles. Mode 1 supports multi-transfer DMA where multiple transfers are made continuously until the RCVR FIFO
has been emptied or the XMIT FIFO has been filled.

RXRDY, Mode 0: When in the 16450 Mode (FCRO0=0) or in the FIFO Mode (FCRO=1, FCR3=0) and there is at
least 1 character in the RCVR FIFO or RCVR holding register, the RXRDY pin will be low active. Once it is activated
the RXRDY pin will go inactive when there are no more characters in the FIFO or holding register.

RXRDY, Mode 1: In the FIFO Mode (FCR0=1) when the FCR3=1 and the trigger level or the timeout has been

reached, the RXRDY pin will go low active. Once it is activated it will go inactive when there are no more
characters in the FIFO or holding register.
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TXRDY, Mode 0: In the 16450 Mode (FCRO0=0) or in the FIFO Mode (FCRO=1, FCR3=0) and there are no
characters in the XMIT FIFO or XMIT holding register, the TXRDY pin will be low active. Once it is activated the
TXRDY pin will go inactive after the first character is loaded into the XMIT FIFO or holding register.

TXRDY, Mode 1: In the FIFO Mode (FCR0=1) when FCR3=1 and there are no characters in the XMIT FIFO, the
TXRDYB pin will go low active. This pin will become inactive when the XMIT FIFO is completely full.

Vss : Ground (0V) reference.

WRB, Write : When WRB is low while the chip is selected, the CPU can write control words or data into the
selected UART register.

Caution Only an active WRB input is required to transfer data to the UART during a write operation.
Therefore, tie the WRB input permanently high, when it is not used.

XIN (System Clock Input)
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<R> 5.3 NZ16550A Initialization Pattern and Notes on Creating Test Pattern
The NZ16550A is initialized as follows:

Figure 5-1. Initialization Pattern

DI(70) 80 X Note1 X Note2 X 00 X 49 X 18 X 55 X 00 X_

Ao 3 X_ 0 X_ 1 X 0o X 2 X3 X 0 X_

WRB |
T
30 ns MIN 30 ns MIN 30 ns MIN 30 ns MIN 30 ns MIN 60 ns MINNmea
<R> CSB [ | [
RST
tur (ns) MIN tur (ns) MIN
ADSB L
DCDB “H”
RIB e
DSRB “‘H
CTSB “H”
RDB 4
SIN s
TESTB “H”

Notes 1. Lower byte of division ratio to be used.
2. Higher byte of division ratio to be used.
<R> 3. 60 ns or longer is required to fix the loop circuit value in simulation.

Cautions 1. Input “0” or “1” to the other input pins (normal input and test input pins). Make sure that
“X” is not input to these pins.

2. Input the division ratio to Notes 1, 2, and be sure to reset after the division ratio is set.

Remark twr: Reset pulse high-level width
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5.3.1 Status of output pin after initialization
The status of the output pin is as follows after initialization:

Table 5-1. Status of Output Pin After Initialization

Qutput Pin Name

Pin Status

DO(7:0) When CSE = 0: Hi-Z
When CSE = 1: Low level

SD Low level

CSOUT Low level

DDIS High level

INTRP Low level

BAUDOUTB Clock resulting from dividing frequency of reference clock (XIN) by the
value specified at the baud rate generator divisor latch.

DTRB High level

OouT1B High level

ouT2B High level

RTSB High level

SOUT High level

TXRDYB Low level

RXRDYB High level
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5.3.2 Default value after reset

The default values of the registers and output signals (general-purpose output signals and serial data output
signals) are as follows when the NZ16550A has been reset.

Table 5-2. Default Values of Registers

Register Default Value
MSB LSB
IER 00000000
IIR 00000001
FCR 00000000
LCR 00000000
MCR 00000000
LSR 01100000
MSR 00000000

Table 5-3. Default Values of Output Signals (General-Purpose Output Signals and Serial Data Output Signals)

Output Signal Name

Default Value

SOuUT

1

DTRB

ouT1B

ouT2B

RTSB

5.3.3 Notes on Creating Test Pattern

The description (1) is a restriction that affects actual chips. However, (2) to (5) are restrictions on simulation, so

these are not applicable to actual chips.

(1) Configure the circuit of the following input pins so that spike is not input.

SIN, XIN, RCLK, ADSB, DCDB, RIB, DSRB, CTSB, WRB, RDB, CSB, RST, TESTB, CSD, CSE, TTHR,

TBI28 to TBI11

CRCES

Do not change the divisor latch value after initialization.

Configure the circuit so that the changes of XIN and RST do not conflict.
Configure the circuit so that the rising edges of XIN and WRB do not conflict. (A pattern in which the falling edge

of XIN and the rising edge of WRB are synchronized is recommended.)

(5) Configure the circuit so that the change of SIN and the rising edge of RCLK do not conflict. (A pattern in which
the change of SIN and the falling edge of RCLK are synchronized is recommended.)

5.4 Delay Time

Refer to 1.2.4 Delay time.
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5.5 AC Characteristics (Ta = —-40 to +85°C, Vop = 3.3 0.3 V)

(1) Read cycle and write cycle

Parameter Symbol MIN. MAX. Unit

Address strobe (ADSB) pulse width taps 10 ns
Address (A2, A1, A0) hold time (from ADSB T) tan 2 ns
Address (A2, A1, A0) setup time (to RDB |) tar 3 ns
Address (A2, A1, A0) setup time (to ADSB T) tas 3 ns
Address (A2, A1, A0) setup time (to WRB 1) taw 3 ns
Chip select (CSB) hold time (from ADSB T) ten 0 ns
Chip select (CSB) setup time (to ADSB T) tes 4 ns
Chip select (CSB) setup time (to RDB {) tesr 4 ns
Chip select (CSB) setup time (to WRB 1) tesw 4 ns
Data hold time (from WRB T) tow 8 ns
Data setup time (to WRB 1) tos 0 ns
Data float delay time (from RDB T) tHz 1 3 ns
Reset pulse high-level width tvR 100 ns
Address (A2, A1, A0) hold time (from RDB T) tra 0 ns
Read cycle delay time tret 3 ns
Read cycle ADSB hold time tre2 10 ns
Chip select (CSB) hold time (from RDB T) trcs 0 ns
RDB active pulse width tro 30 ns
DDIS delay time (from RDB) troD 2 3 ns
Data delay time (from RDB |) tRvD 10 ns
Address (A2, A1, A0) hold time (from WRB T) twa 0 ns
Write cycle delay time twet 30 ns
Write cycle ADSB hold time twee 1 ns
Chip select (CSB) hold time (from WRB T) twes 0 ns
WRB active pulse width twr 30 ns
Clock pulse high-level width txH 13.5 ns
Clock pulse low-level width txe 13.5 ns
Read cycle time In 16450 mode RC 38 ns
When RXRDYB is not used 47 ns

When RXRDYB is used 55 ns

Write cycle time In 16450 mode wC 38 ns
When TXRDYB is not used 47 ns

When TXRDYB is used 55 ns

Read/write recovery time In 16450 mode trv 8 ns
When RXRDYB and TXRDYB are not used 17 ns

When RXRDYB and TXRDYB are used 25 ns
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(2) Baud rate generator

Parameter Symbol MIN. MAX. Unit
Transmission clock division ratio N 1 2% —1
Transmission clock rise delay time (from XIN) tBHD 4 ns
Transmission clock fall delay time (from XIN) tBLD 7 ns
Transmission clock pulse high-level width" tHw 120 ns
Transmission clock pulse low-level width"*® tw 120 ns
Note fx = 8.0 MHz, BAUDOUTB = XIN/2
(3) Receiver and transmitter
Parameter Symbol MIN. MAX. Unit
Interrupt clear time (from RDB T when LSR is read)) tRINT 14 ns
Interrupt clear time (from RDB | when RBR is read)) tRINT 26 ns
RXRDYB clear time 16450 mode trRxio 20 ns
(from RDB | (RBR)) FIFO mode tRxi1 25 ns
Sample clock delay time (from RCLK) tsco 6 ns
Interrupt generation time (from valid data reception or reception error) tsinT 1 RCLK
cycles™™*
Interrupt clear time (from WRB | (during THR write)) tHr 8 ns
Interrupt clear time (from RDB T (during IIR read)) tir 7 ns
Transmission start time tirs 8 24 BAUDOUTB
cycles
Interrupt generation time (from WRB T (during THR write)) tsi 16 24 BAUDOUTB
cycles
Interrupt (THRE) generation time (from stop bit) tsTi 8 BAUDOUTB
cycles
TXRDYB generation time (vs. start bit) tsxa 8 BAUDOUTB
cycles
TXRDYB clear time 16450 mode, FIFO mode (DMA = 0) twxio 20 ns
(from WRB | (during THR write))
FIFO mode (DMA = 1) twxit 25 ns
(from WRB T (during THR write))
Note The high-level width of PRCLK is the same as txH, and the low-level width is the same as tx..
When FCRO = 1, tsint = BRCLK. When a timeout interrupt occurs, tsint = 8RCLK.
(4) Modem control
Parameter Symbol MIN. MAX. Unit
RTSB, DTRB, OUT1B, OUT2B delay time (from WRB T (during MCR write)) tmoo 6 ns
Interrupt clear time (from RDB | (during MSR read)) tRiM 9 ns
Interrupt generation time (from RIB T, CTSB, DSRB, DCDB) tsim 8 ns
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5.6 Timing Charts

(1) Read cycle timing (when ADSB is used)

tabs X
ths taH
A (2:0) Valid

tcs

tcH

CsSB Valid

trc2

trD trct

RDB N Active 7

((
WRB » * Active
trRDD trDD
DDIS j{( jé

trRvD tHz

DO (7:0) Hi-Z Vaid Y-mnmm- Hi-Z

|/
N
>
‘El
=
)

(2) Read cycle timing (when ADSB is clamped low)

ADS “p

A (2:0) X Valid j{
tra

CSB Valid j‘
trcs
tcsr trRD
tar RC ‘
((
RDB N_Active A R %Active
OR
((
WRB X Active
trDD trRDD
DDIS jﬁ ;é
trRvD tHz
DO (7:0) Hi-Z Valid e
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(3) Write cycle timing (when ADSB is used)

tabs
D (
ADSB / )h(_/_
tas taH
A (2:0) Valid
tes tcH
CSB Valid
twee twr twer
wWC
(
WRB X Active 74 R Active
OR
(
RDB ? Active
tos toH
DI (7:0) Rz --F Valid p -
(4) Write cycle timing (when ADSB is clamped low)
ADSB  “L”
A (2:0) X Valid
twa
cSB Valid I
twes
tcsw twr
taw WC |
((
WRB “R_Active - ) *Active
OR
«
RDB ” Active
tos toH
DI (7:0) HiZ ( Valid -
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(5) Write and read recovery time

Active
trRv

WRB \ Active j
RDB

trRv
4{ Active }

Remark When the RDB and WRB signals are simultaneously asserted active, an internal spike may be generated
causing the device to malfunction. Therefore, do not assert the RDB and WRB signals active at the

same time.

(6) Baud out timing

XN |

BAUDOUTB (divided by 1) | | | |_|_

-

tBHD

tBLD

tBHD

BAUDOUTB (divided by 2)

BAUDOUTB (divided by 3)

tw ["""l-

BAUDOUTB
(divided by N, where N > 3)

tBLD tBHD
I thw |
tsLD teHD
(
))

thw = (N-2) XIN cycles

(C
))

tiw = 2XIN cycles
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(7) Reception timing

RCLK ' | I | (<r|_| [ [ [ («

8 clocks 16 clocks

tsco
Internal sample clock | |

SIN ~ \star/”___ \Databis (5 0 8)WPariyyStop\__/

Internal sample clock | | ( | | | | |

tsINT
INTRP 5
(for RDA)
INTRP
(for RLS)
tRINT . tRinT
RDB Active :
(from RBR)
RDB Active [/
(from LSR) \_7

Remarks 1. INTRP (for RDA) indicates the existence of receive data.
At this time, bit 0 of IER (ERBFI) is 1, and bits 1 to 3 of IIR are 010b.
2. RDB (from RBR) reads RBR of A (2:0) = 000b.
3. INTRP (for RLS) indicates a receive line status.
At this time, bit 2 (ERLSI) of IER is 1, and bits 1 to 3 of IIR are 011b.
4. RDB (from LSR) reads LSR of A (2:0) = 101b.

For details of the read timing, refer to (1) Read cycle timing (when ADSB is used) and (2) Read cycle timing
(when ADSB is clamped low).
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(8) Transmission timing

SOuUT Start / Data (5 to S)X Parity >/Stop Start /
| tirs,_ tsTi
INTRP T
tHrR N—

tHR
tsi
WRB 4
tr

Remarks 1. INTRP indicates that the transmit buffer is empty.
At this time, bit 1 (ETBEI) of IER is 1, and bits 1 to 3 of IIR are 001b.
2. WRB writes THR of A (2:0) = 000b.
3. RDB reads IIR of A (2:0) = 010b.

For details of the read timing, refer to (1) Read cycle timing (when ADSB is used) and (2) Read cycle timing

(when ADSB is clamped low).
For details of the write timing, refer to (3) Write cycle timing (when ADSB is used) and (4) Write cycle timing

(when ADSB is clamped low).
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(9) Modem control timing

WRB
RTSB tmpo tmoo

DTRB "
OouT1B

ouT2B

CTSB
DSRB
DCDB tsm

tsim

INTRP y

tRIM tRM

RDB

tsim
RIB N\ Jl

Remarks 1. INTRP indicates the modem status.
At this time, bit 3 (EDSSI) of IER is 1, and bits 1 to 3 of IIR are 000b.
2. WRB writes MCR of A (2:0) = 100b.
3. RDB reads MSR of A (2:0) = 110b.

For details of the read timing, refer to (1) Read cycle timing (when ADSB is used) and (2) Read cycle timing

(when ADSB is clamped low).
For details of the write timing, refer to (3) Write cycle timing (when ADSB is used) and (4) Write cycle timing

(when ADSB is clamped low).
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(10) Timing of first byte of receive FIFO (when Data Ready is set)

SIN ~ \gtart/

\{ Databits 5 10 8 XPariy s10p\__ /"

Internal sample |

(O I I I

clock
tsinrete .
-~ ( Data of FIFO exceeds trigger level.
INTRP )T N
N
(for RDA) Data of FIFO falls below trigger level.
INTRP
(for RLS) N—
tRINT
RDB Active
(from LSR)
tRINT
e Nave/
(from RBR) cive,

Note When FCRO = 1, tsint = 3RCLK. If a timeout interrupt occurs, tsint = 8RCLK.

Remarks 1. INTRP (for RDA) indicates that the receive data has reached the trigger level of the FIFO.
At this time, bit 0 (ERBFI) of IER is 0, and bits 1 to 3 of IR are 010b.
In the above figure, bits 6 and 7 of register FCR are cleared to 0.
INTRP is cleared depending on whether the receive data falls below the trigger level of the FIFO as

a result of reading data.
2. INTRP (for RLS) indicates a receive line status.
At this time, bit 2 (ERLSI) of IER is 1, and bits 1 to 3 of IIR are 011b.
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(11) Timing of byte other than first byte of receive FIFO (when Data Ready is already set)

SIN X Y stop \_/_

Internal sample | | | | |
clock
tsinTNote .
« Data of FIFO exceeds trigger level.
INTRP R X
(for RDA or CTI) Data of FIFO falls below trigger level.
INTRP \ P X
(for RLS)
tRINT
RDB \Active#
from LSR
( ) tsinTNote tRINT
RDB \ Active Aé W_
(from RBR)

Previous byte
read from FIFO

Note When FCRO = 1, tsint = 3RCLK. If a timeout interrupt occurs, tsint = 8RCLK.

Remarks 1. INTRP (for RDA) occurs if the receive data exceeds the trigger level of the FIFO or if character time-
out occurs.
At this time, bit 0 (ERBFI) of IER is 1, and bits 1 to 3 of IIR are 010b.
In the above figure, both bits 6 and 7 of register FCR are cleared to 0.
INTRP is cleared when the receive data falls below the trigger level of the FIFO as a result of reading
data.
2. INTRP (for RLS) indicates a receive line status.
At this time, bit 2 (ERLSI) of IER is 1 and bits 1 to 3 of IIR are 011b.

(12) Timing of reception READY in 16450 mode

j

\ Active /

RDB
(from RBR)

SIN X )Y stop \__

Internal sample | | | |
clock

tsinT trxio

RXRDYB gﬁ (« 4‘

Remark The input signal of SIN is the first byte.
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(13) Timing in reception READY FIFO mode (DMA mode = 0)

RDB R

NActive"® )/
(from RBR)

[V

SIN X___ Y stop \__

Internal sample | | | |
clock

tsinrote2 tRxi1

RXRDYB gﬁ « %

Notes 1. The last byte of the FIFO is read here.
2. When FCRO = 1, tsint = 3RCLK.

Remark The input signal of SIN is the first byte that reaches the trigger level of the receive FIFO.

(14) Timing in reception READY FIFO mode (DMA mode = 1)

J/

R0 T N/
(from RBR)

SIN X Y Sstop \_

Internal sample | | | |
clock

toinTiote 2 tRxi1

RXRDYB Jﬁ ( 7%

Notes 1. The last byte of the FIFO is read here.
2. When FCRO = 1, tsint = BRCLK. When a timeout interrupt occurs, tsint = 8RCLK.

Remark The input signal of SIN is the first byte that reaches the trigger level of the receive FIFO.
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(15) Timing in transmission READY 16450 mode and FIFO mode (DMA mode = 0)

(C

WRB _T_/ ))

souT Data XParity Y Stop  Start

twxio tsxa

| —

TXRDYB

Remark WRB writes THR of A (2:0) = 000b.

<R> " (16) Timing in transmission READY FIFO mode (DMA mode = 0)

WRB _T_/ R

sour DATA X PARITY)Y STOPN\ STAR.

Lwxro Lsxa

TXRDYB %

Remark WRB writes THR of A (2:0) = 000b.

<R> (17) Timing in transmission READY FIFO mode (DMA mode = 1)

(C ((

WRB N\ #15( ’ ’
SOuUT Data X Parityy Stop \_ﬁ

twxit

TXRDYB FIFO full

Remark WRB writes THR of A (2:0) = 000b.
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5.7 Block Diagram

The block diagram of this macro is shown below. In this block diagram, the circuits related to testing are omitted.

DO (7:0)

DI (7:0)

Figure 5-2. Block Diagram

Selector

A (2:0)

ADSB
CSB
WRB

RDB ———»

XIN

DDIS =———|

RST ———

Control
logic

Receiver RXRDYB
FIFO [ Receiver
Receiver shift —=— SIN
buffer register
register (RBR)
Line control Recei
register ] ecgtelver s RCLK
(LCR) - timing & control
DLL (LS)
| Divisor Baud rate BAUDOUTB
latch generator
DLM (MS)
TXRDYB
Line status :
regster iming & conto
(LSR) 9
Transmitter t
FIFO 8 T -
3} ransmitter
Transmitter e shift Ml
holding ® register
register (THR)
Modem control — RTSB
; ~— CTSB
register Modem |~ DTRB
(MCR) ~— DSRB
control < DCDB
logic ~— RIB
Modem status 9 = OuT1B
register — OUT2B
(MSR)
Interrupt
enable
register (IER) | Interrupt
control INTRP
Interrupt | logic
identification

register (lIR)

FIFO control

register

(FCR)
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5.8 Register

5.8.1 Register List

Table 5-4. Register List (1/2)

Register Address
DLAB DLAB =0 DLAB =0 DLAB =0 DLAB = X DLAB = X DLAB = X
Address A=0 A=0 A=1 A=2 A=2 A=3
Receiver Transmitter Interrupt Interrupt FIFO Line
Register buffer holding enable ident. control control
name register register register register register register
(read only) (write only) (read only) (write only)
Register RBR THR IER IIR FCR LCR
Bit |0 Data bit 0"’ Data bit 0" Enable received “0” if interrupt FIFO enable Word length
No. data available pending select bit 0
interrupt (WLSO0)
(ERBFI)
1 Data bit 1 Data bit 1 Enable Interrupt ID RCVR FIFO Word length
transmitter bit (0) reset select bit 1
holding register (WLSH1)
empty interrupt
(ETBEI)
2 Data bit 2 Data bit 2 Enable receiver Interrupt ID XMIT FIFO reset Number of stop
line status bit (1) bits (STB)
interrupt
(ERLSI)
3 Data bit 3 Data bit 3 Enable MODEM Interrupt ID DMA mode Parity enable
status interrupt bit (2)""** select (PEN)
(EDSSI)
4 Data bit 4 Data bit 4 0 0 Reserved Even parity
select (EPS)
5 Data bit 5 Data bit 5 0 0 Reserved Stick parity
6 Data bit 6 Data bit 6 0 FIFOs RCVR trigger Set break
enabled""*? (LSB)
7 Data bit 7 Data bit 7 0 FIFOs RCVR trigger Divisor latch
enabled"*? (MSB) access bit
(DLAB)
Notes 1. Data bit 0 is LSB; the first bit when serial data is transmitted/received.

Remark X: don’t care.
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2. Always set to 0 in 16450 mode.
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Table 5-4. Register List (2/2)

Register Address
DLAB DLAB =X DLAB =X DLAB =X DLAB =X DLAB =1 DLAB =1
Address A=4 A=5 A=6 A=7 A=0 A=1
MODEM Line MODEM Scratch Divisor Divisor
Register .
control status status register latch latch
name register register register (LS) (MS)
Register MCR LSR MSR SCR DLL DLM
Bit 0 Data terminal Data ready (DR) Delta clear to Bit 0 Bit 0 Bit 8
No. ready (DTR) send (DCTS)
1| Requestto send Overrun error Delta data set Bit 1 Bit 1 Bit 9
(RTS) (OE) ready (DDSR)
2 Out 1 Parity error (PE) Trailing edge Bit 2 Bit 2 Bit 10
ring indicator
(TERI)
3 Out 2 Framing error Delta data Bit 3 Bit 3 Bit 11
(FE) carrier detect
(DDCD)
4 Loop Break interrupt Clear to send Bit 4 Bit 4 Bit 12
(BI) (CTS)
5 0 Transmitter Delta set ready Bit 5 Bit 5 Bit 13
holding register (DSR)
(THRE)
6 0 Transmitter Ring indicator Bit 6 Bit 6 Bit 14
empty (TEMT) (RI)
7 0 Error in PCVR Data carrier Bit 7 Bit 7 Bit 15
FIFO"* detect (DCD)
Note Always setto 0 in 16450 mode.

Remark X: don’t care.
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5.8.2 Register Description

The system programmer may access any of the UART registers summarized in Table 5-4 via the CPU. These
registers control UART operations including transmission and reception of data. Each register bit in Table 5-4 has its

name and reset state shown.

(1)

112

Line Control Register

The system programmer specifies the format of the asynchronous data communications exchange and set the
Divisor Latch Access bit via the Line Control Register (LCR). The programmer can also read the contents of the
Line Control Register. The read capability simplifies system programming and eliminates the need for separate
storage in system memory of the line characteristics. Table 5-4 shows the contents of the LCR. Details on each
bit follow:

Bits 0 and 1: These two bits specify the number of bits in each transmitted or received serial character. The
encoding of bits 0 and 1 is as follows:

Bit 1 Bit 0 Character Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number of Stop bits transmitted and received in each serial character. If bit 2 is a logic
0, one Stop bit is generated in the transmitted data. If bit 2 is a logic 1 when a 5-bit word length is selected via bits
0 and 1, one and a half Stop bits are generated. If bit 2 is a logic 1 when either a 6-, 7-, or 8-bit word length is
selected, two Stop bits are generated. The Receiver checks the first Stop-bit only, regardless of the number of
Stop bits selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a logic 1, a Parity bit is generated (transmit data) or checked
(receive data) between the last data word bit and Stop bit of the serial data. (The Parity bit is used to produce an
even or odd number of 1s when the data word bits and the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a logic 1 and bit 4 is a logic 0, an odd number of logic 1s
is transmitted or checked in the data word bits and Parity bit. When bit 3 is a logic 1 and bit 4 is a logic 1, an even
number of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 5 are logic 1 the Parity bit is transmitted and checked as a

logic 0. If bits 3 and 5 are 1 and bit 4 is a logic 0 then the Parity bit is transmitted and checked as a logic 1. If bit 5
is a logic 0 Stick Parity is disabled.
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Bit 6: This bit is the Break Control bit. It causes a break condition to be transmitted to the receiving UART. When it
is set to a logic 1, the serial output (SOUT) is forced to the Spacing (logic 0) state. The break is disabled by
setting bit 6 to a logic 0. The Break Control bit acts only on SOUT and has no effect on the transmitter logic.
Caution This feature enables the CPU to alert a terminal in a computer communications system. If the
following sequence is followed, no erroneous or extraneous characters will be transmitted
because of the break.
1. Load an all Os, pad character, in response to THRE.
2. Set break after the next THRE.
3. Wait for the transmitter to be idle, (TEMT=1), and clear break when normal transmission has
to be restored.
During the break, the Transmitter can be used as a character timer to accurately
establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must be set high (logic 1) to access the Divisor Latches of

the Baud Generator during a Read or Write operation. It must be set low (logic 0) to access the Receiver Buffer,
the Transmitter Holding Register, or the Interrupt Enable Register.
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)

Programmable Baud Generator

The UART contains a programmable Baud Generator that is capable of taking any clock input from DC to 24 MHz
and dividing it by any divisor from 2 to 2'°-1. The output frequency of the Baud Generator is 16 x the Baud [divisor
# = (frequency input) / (baud rate x 16)]. Two 8-bit latches store the divisor in a 16-bit binary format. These Divisor
Latches must be loaded during initialization to ensure proper operation of the Baud Generator. Upon loading
either of the Divisor Latches, a 16-bit Baud counter is immediately loaded.

Table 5-5 provides decimal divisors to use with crystal frequencies of 1.8432 MHz, 3.072 MHz and 18.432 MHz,
respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of the desired baud
rate is dependent on the crystal frequency chosen. Using a divisor of zero is not recommended.

Table 5-5. Baud Rates, Divisors and Crystals

1.8432 MHz Crystal 3.072 MHz Crystal 18.432 MHz Crystal
Baud Decimal Divisor Percent Error Decimal Divisor Percent Error Decimal Divisor Percent Error
Rate for 16 x Clock for 16 x Clock for 16 x Clock
50 2304 - 3840 - 23040 -
75 1536 - 2560 - 15360 -
110 1047 0.026 1745 0.026 10473 -
134.5 857 0.058 1428 0.034 8565 -
150 768 - 1280 - 7680 -
300 384 - 640 - 3840 -
600 192 - 320 - 1920 -
1200 96 - 160 - 920 -
1800 64 - 107 0.312 640 -
2000 58 0.69 96 - 576 -
2400 48 - 80 - 480 -
3600 32 - 53 0.628 320 -
4800 24 - 40 - 240 -
7200 16 - 27 1.23 160 -
9600 12 - 20 - 120 -
19200 6 - 10 - 60 -
38400 3 - 5 - 30 -
56000 2 2.86 - - 21 2.04
128000 - - - - 9 -
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Caution For baud rates of 250k, 300k, 375k, 500k, 750k and 1.5M using a 24 MHz crystal causes
minimal error.
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(3) Line Status Register
This register provides status information to the CPU concerning the data transfer. Table 5-4 shows the contents of
the Line Status Register. Details on each bit follow.

Bit 0: This bit is the receiver Data Ready (DR) indicator. Bit 0 is set to a logic 1 whenever a complete incoming
character has been received and transferred into the Receiver Buffer Register or the FIFO. Bit 0 is reset to a logic
0 by reading all of the data in the Receiver Buffer Register or the FIFO.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indicates that data in the Receiver Buffer Register was not
read by the CPU before the next character was transferred into the Receiver Buffer Register, thereby destroying
the previous character. The OE indicator is set to a logic 1 upon detection of an overrun condition and reset
whenever the CPU reads the contents of the Line Status Register. If the FIFO mode data continues to fill the FIFO
beyond the trigger level, an overrun error will occur only after the FIFO is full and the next character has been
completely received in the shift register. OE is indicated to the CPU as soon as it happens. The character in the
shift register is overwritten, but it is not transferred to the FIFO.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indicates that the received data character does not have the
correct even or odd parity, as selected by the even-parity-select bit. The PE bit is set to a logic 1 upon detection of
a parity error and is reset to a logic 0 whenever the CPU reads the contents of the Line Status Register. In the
FIFO mode this error is associated with the particular character in the FIFO it applies to. This error is revealed to
the CPU when its associated character is at the top of the FIFO.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 indicates that the received character did not have a valid
Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit following the last data bit or parity bit is detected as a logic
0 bit (Spacing level). The FE indicator is reset whenever the CPU reads the contents of the Line Status Register.
In the FIFO mode this error is associated with the particular character in the FIFO it applies to. This error is
revealed to the CPU when its associated character is at the top of the FIFO. The UART will try to resynchronize
after a framing error. To do this it assumes that the framing error was due to the next start bit, so it samples this
"start" bit twice and then takes in the "data".

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4 is set to a logic 1 whenever the received data input is held
in the Spacing (logic 0) state for longer than a full word transmission time (that is, the total time of Start bit + data
bits + Parity + Stop bits). The Bl indicator is reset whenever the CPU reads the contents of the Line Status
Register. In the FIFO mode this error is associated with the particular character in the FIFO it applies to. This error
is revealed to the CPU when its associated character is at the top of the FIFO. When break occurs only one zero
character is loaded into the FIFO. The next character transfer is enabled after SIN goes to the marking state and
receives the next valid start bit.
Caution Bits 1 through 4 are the error conditions that produce a Receiver Line Status interrupt
whenever any of the corresponding conditions are detected and the interrupt is enabled.

Bit 5: This bit is the Transmitter Holding Register Empty (THRE) indicator. Bit 5 indicates that the UART is ready
to accept a new character for transmission. In addition, this bit causes the UART to issue an interrupt to the CPU
when the Transmit Holding Register Empty Interrupt enable is set high. The THRE bit is set to a logic 1 when a
character is transferred from the Transmitter Holding Register into the Transmitter Shift Register. The bit is reset
to logic 0 concurrently with the loading of the Transmitter Holding Register by the CPU. In the FIFO mode this bit
is set when the XMIT FIFO is empty; it is cleared when at least 1 byte is written to the XMIT FIFO.
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(4)
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Bit 6: This bit is the Transmitter Empty (TEMT) indicator. Bit 6 is set to a logic 1 whenever the Transmitter Holding
Register (THR) and the Transmitter Shift Register (TSR) are both empty. It is reset to a logic 0 whenever either
the THR or TSR contains a data character. In the FIFO mode this bit is set to one whenever the transmitter FIFO
and shift register are both empty.

Bit 7: In the 16450 Mode this is a 0. In the FIFO mode LSR7 is set when there is at least one parity error, framing
error or break indication in the FIFO. LSR7 is cleared when the CPU reads the LSR, if there are no subsequent
errors in the FIFO.

Caution The Line Status Register is intended for read operations only. Writing to this register is not
recommended as this operation is only used for factory testing. In the FIFO mode the software
must load a data byte in the Rx FIFO via Loopback Mode in order to write to LSR2-LSR4. LSR0O
and LSR7 can't be written to in FIFO mode.

FIFO Control Register
This is a write only register at the same location as the IIR (the IIR is a read only register). This register is used to
enable the FIFOs, clear the FIFOs, set the RCVR FIFO trigger level, and select the type of DMA signalling.

Bit 0: Writing a 1 to FCRO enables both the XMIT and RCVR FIFOs. Resetting FCRO will clear all bytes in both
FIFOs. When changing from the FIFO Mode to the 16450 Mode and vice versa, data is automatically cleared from

the FIFOs. This bit must be a 1 when other FCR bits are written to or they will not be programmed.

Bit 1: Writing a 1 to FCR1 clears all bytes in the RCVR FIFO and resets its counter logic to 0. The shift register is
not cleared. The 1 that is written to this bit position is self-clearing.

Bit 2: Writing a 1 to FCR2 clears all bytes in the XMIT FIFO and resets its counter logic to 0. The shift register is
not cleared. The 1 that is written to this bit position is self-clearing.

Bit 3: Setting FCRS3 to a 1 will cause the RXRDY and TXRDY pins to change from mode 0 to mode 1 if FCRO=1
(see description of RXRDY and TXRDY pins).

Bit 4, 5: FCR4 to FCR5 are reserved for future use.

Bit 6, 7: FCR6 and FCR7 are used to set the trigger level for the RCVR FIFO interrupt.

- 6 RCVR FIFO
Trigger Level (Bytes)

0 0 01

0 1 04

1 0 08

1 1 14
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(5) Interrupt Identification Register

In order to provide minimum software overhead during data character transfers, the UART prioritizes interrupts
into four levels and records these in the interrupt Identification Register. The four levels of interrupt conditions in
order of priority are Receiver Line Status; Received Data Ready; Transmitter Holding Register Empty; and
MODEM Status.

When the CPU accesses the IIR, the UART freezes all interrupts and indicates the highest priority pending
interrupt to the CPU. While this CPU access is occurring, the UART records new interrupts, but does not change
its current indication until the access is complete. Table 5-4 shows the contents of the IIR. Details on each bit
follow:

Bit 0: This bit can be used in a prioritized interrupt environment to indicate whether an interrupt is pending. When
bit 0 is a logic 0, an interrupt is pending and the IIR contents may be used as a pointer to the appropriate interrupt

service routine. When bit 0 is a logic 1, no interrupt is pending.

Bits 1 and 2: These two bits of the IIR are used to identify the highest priority interrupt pending as indicated in
Table 5-6.

Bit 3: In the 16450 Mode this bit is 0. In the FIFO mode this bit is set along with bit 2 when a timeout interrupt is
pending.

Bits 4 and 5: These two bits of the IIR are always logic 0.

Bits 6 and 7: These two bits are set when FCR0=1.
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Table 5-6. Interrupt Control Functions

FIFO Interrupt
Mode Identification Interrupt Set and Reset Functions
Only Register
. ) ) ) Priority
Bit3 |Bit2|Bit1|Bit0 Level Interrupt Type Interrupt Source Interrupt Reset Control
v
0 0 0 1 - None None -
) Receiver Line Overrun Error or Parity Error or Reading the Line Status
0 1 1 0 | Highest ) .
Status Framing Error or Break Interrupt | Register
) ) ) Reading the Receiver Buffer
Received Data Receiver Data Available or )
0 1 0 0 | Second ) ) Register or the FIFO Drops
Available Trigger Level Reached )
Below the Trigger Level
No Characters Have Been
Removed From or Input to the
Character . . .
) RCVR FIFO During the Last 4 Reading the Receiver Buffer
1 1 0 0 | Second | Timeout ’ )
o Char. Times and There Is at Register
Indication ) ) .
Least 1 Char. in It During This
Time
Reading the IIR Register (if
Transmitter Transmitter Holding Register source gc]>f interr t)ir Wr'(t'n
i i i u i u iti
0o | o| 1| o | Third |Holding Register g ey . P 1ing
Empty into the Transmitter Holding
Empty .
Register
Clear to Send or Data Set Ready )
) ) ) Reading the MODEM Status
0 0 0 0 Fourth | MODEM Status or Ring Indicator or Data Carrier )
Detect Register

(6) Interrupt Enable Register

118

This register enables the five types of UART interrupts. Each interrupt can individually activate the interrupt
(INTRP) output signal. It is possible to totally disable the interrupt system by resetting bits 0 through 3 of the
Interrupt Enable Register (IER). Similarly, setting bits of the IER register to a logic 1, enables the selected
interrupt(s). Disabling an interrupt prevents it from being indicated as active in the IIR and from activating the
INTRP output signal. All other system functions operate in their normal manner, including the setting of the Line

Status and MODEM Status Registers. Table 5-4 shows the contents of the IER. Details on each bit follow.

Bit O: This bit enables the Received Data Available Interrupt (and timeout interrupts in the FIFO mode) when set

to logic 1.

Bit 1: This bit enables the Transmitter Holding Register Empty Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver Line Status Interrupt when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt when set to logic 1.

Bits 4 through 7: These four bits are always logic 0.
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(7) Modem Control Register
This register controls the interface with the MODEM or data set (or a peripheral device emulating a MODEM). The
contents of the MODEM Control Register are indicated in Table 5-4 and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTRB) output. When bit O is set to a logic 1, the DTRB output is
forced to a logic 0. When bit 0 is reset to a logic 0, the DTRB output is forced to a logic 1.
Caution The DTRB output of the UART may be applied to an EIA inverting line driver (such as the
DS1488) to obtain the proper polarity input at the succeeding MODEM or data set.

Bit 1: This bit controls the Request to Send (RTSB) output. Bit 1 affects the RTSB output in a manner identical to
that described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1B) signal, which is an auxiliary user-designated output. Bit 2 affects the
OUT 1B output in a manner identical to that described above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2B) signal, which is an auxiliary user-designated output. Bit 3 affects the
OUT 2B output in a manner identical to that described above for bit 0.

Bit 4: This bit provides a local loopback feature for diagnostic testing of the UART. When bit 4 is set to logic 1, the
following occur: the transmitter Serial Output (SOUT) is set to the Marking (logic 1) state; the receiver Serial Input
(SIN) is disconnected; the output of the Transmitter Shift Register is "looped back" into the Receiver Shift Register
input; the four MODEM Control inputs (DSRB, CTSB, RIB, and DCDB) are disconnected; and the four MODEM
Control outputs (DTRB, RTSB, OUT 1B, and OUT 2B) are internally connected to the four MODEM Control inputs,
and the MODEM Control output pins are forced to their inactive state (high). In the loopback mode, data that is
transmitted is immediately received. This feature allows the processor to verify the transmit-and received-data
paths of the UART.

In the loopback mode, the receiver and transmitter interrupts are fully operational. Their sources are external to
the part. The MODEM Control Interrupts are also operational, but the interrupts' sources are now the lower four
bits of the MODEM Control Register instead of the four MODEM Control inputs. The interrupts are still controlled
by the Interrupt Enable Register.

Bits 5 through 7: These bits are permanently set to logic 0.
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Modem Status Register

This register provides the current state of the control lines from the MODEM (or peripheral device) to the CPU. In
addition to this current-state information, four bits of the MODEM Status Register provide change information.
These bits are set to a logic 1 whenever a control input from the MODEM changes state. They are reset to logic 0
whenever the CPU reads the MODEM Status Register. The contents of the MODEM Status Register are indicated
in Table 5-4 and described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator. Bit 0 indicates that the CTSB input to the chip has
changed state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator. Bit 1 indicates that the DSRB input to the chip has
changed state since the last time it was read by the CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI) detector. Bit 2 indicates that the RIB input to the chip
has changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD) indicator. Bit 3 indicates that the DCDB input to the chip
has changed state.
Caution Whenever bit 0, 1, 2, or 3 is set to logic 1, a MODEM Status Interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send (CTSB) input. If bit 4 (loop) of the MCR is set to a 1, this bit
is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready (DSRB) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator (RIB) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier Detect (DCDB) input. If bit 4 of the MCR is set to a 1, this bit
is equivalent to OUT 2 in the MCR.

Scratchpad Register

This 8-bit Read/Write Register does not control the UART in anyway. It is intended as a scratchpad register to be
used by the programmer to hold data temporarily.
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(10) FIFO Interrupt Mode Operation

When the RCVR FIFO and receiver interrupts are enabled (FCR0=1, IER0O=1) RCVR interrupts will occur as

follows:
(a) The receive data available interrupt will be issued to the CPU when the FIFO has reached its programmed
trigger level; it will be cleared as soon as the FIFO drops below its programmed trigger level.
(b) The IIR receive data available indication also occurs when the FIFO trigger level is reached, and like the
interrupt it is cleared when the FIFO drops below the trigger level.
(c) The receiver line status interrupt (1IR=06), as before, has higher priority than the received data available
(IIR=04) interrupt.
(d) The data ready bit (LSRO) is set as soon as a character is transferred from the shift register to the RCVR
FIFO. It is reset when the FIFO is empty.

When RCVR FIFO and receiver interrupts are enabled, RCVR FIFO timeout interrupts will occur as follows:
(a) A FIFO timeout interrupt will occur, if the following conditions exist:
- at least one character is in the FIFO
- the most recent serial character received was longer than 4 continuous character times ago (if 2 stop
bits are programmed the second one is included in this time delay).
- the most recent CPU read of the FIFO was longer than 4 continuous character times ago.
The maximum time between a received character and a timeout interrupt will be 160 ms at 300 baud with a
12-bit receive character (i.e., 1 Start, 8 Data, 1 Parity and 2 Stop Bits).
(b) Character times are calculated by using the RCLK input for a clock signal (this makes the delay
proportional to the baudrate).
(c) When a timeout interrupt has occurred it is cleared and the timer reset when the CPU reads one character
from the RCVR FIFO.
(d) When a timeout interrupt has not occurred the timeout timer is reset after a new character is received or
after the CPU reads the RCVR FIFO.

When the XMIT FIFO and transmitter interrupts are enabled (FCR0=1, IER1=1), XMIT interrupts will occur as
follows:
(a) The transmitter holding register interrupt (02) occurs when the XMIT FIFO is empty; it is cleared as soon
as the transmitter holding register is written to (1 to 16 characters may be written to the XMIT FIFO while
servicing this interrupt) or the IIR is read.
(b) The transmitter FIFO empty indications will be delayed 1 character time minus the last stop bit time
whenever the following occurs: THRE=1 and there have not been at least two bytes at the same time in the
transmit FIFO, since the last THRE=1. The first transmitter interrupt after changing FCRO will be immediate, if
it is enabled.

Character timeout and RCVR FIFO trigger level interrupts have the same priority as the current received data

available interrupt; XMIT FIFO empty has the same priority as the current transmitter holding register empty
interrupt.
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FIFO Polled Mode Operation
With FCRO=1 resetting IERO, IER1, IER2, IERS or all to zero puts the UART in the FIFO Polled Mode of operation.
Since the RCVR and XMITTER are controlled separately either one or both can be in the polled mode of
operation.
In this mode the user's program will check RCVR and XMITTER status via the LSR. As stated previously:
LSRO will be set as long as there is one byte in the RCVR FIFO.
LSR1 to LSR4 will specify which error(s) has occurred. Character error status is handled the same way as
when in the interrupt mode, the IIR is not affected since IER2=0.
LSR5 will indicate when the XMIT FIFO is empty.
LSR6 will indicate that both the XMIT FIFO and shift register are empty.
LSR7 will indicate whether there are any errors in the RCVR FIFO.
There is no trigger level reached or timeout condition indicated in the FIFO Polled Mode, however, the RCVR and
XMIT FIFOs are still fully capable of holding characters.
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<R> 5.9 Typical Applications

Figure 5-3. Typical Interface for High-Capacity Data Bus
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Figure 5-4. Basic Connections of NZ16550A to 8088 CPU
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Caution Test pins are omitted.
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A.1 Mega Macro Test Specification
A.2 NA51A Pin Reference Table
A.3 NA54A Pin Reference Table
A.4 NA59A Pin Reference Table
A.5 NZ16550A Pin Reference Table
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A.1 Mega Macro Test Specification
1. Part number  ©PD65 -

2. Date of preparation 20 _ _/__/__

Name of company of person in charge of preparation
Telephone number of above person

3. Mega macro used
NA51A X __ pcs
NA54A x ____ pcs
NA5S9A x ___ pcs
NZ16550A x ____ pcs Total ___ pcs

4. Number of pins

Number of input pins
Number of output pins
Number of bidirectional pins

Total number of pins

5. Number of patterns
Number of user patterns = ___ patterns

NA51A (12874 patterns) X ___pcs = ___ patterns
NA54A (3483 patterns) X ____pcs=___ patterns
NAS59A (7335 patterns) X __pcs =___ patterns
NZ16550A (14889 patterns) x ____pcs = ____ patterns
Total ____ patterns

Fill out the “Pin reference table” on the following pages of each mega macro used and attach it to this specification.
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A.2 NA51A Pin Reference Table

Instance name

(17)

Mega Macro Test Input

Mega Macro Test Output

Mega Macro Pin Name External Pin Name Mega Macro Pin Name External Pin Name
TBIO DOO0
TBI DO1
TBI2 DO2
TBI3 DO3
TBl4 DO4
TBI5 DO5
TBI6 DO6
TBI7 DO7
TBI8 OSYN
TBI9 TXD
TBI10 TXRDY
TBI11 TXEMP
TBI12 RXRDY
TBI13 DTRB
TBI14 RTSB
TBI15 CDB
TBI16 CSYN
TBI17 Test Mode Setting Input
TBI18 External Pin Name Input Value
TBI19
TESTB"™™'
cSD™Y*?
CSE™*?
TTHR

Notes 1. “TESTB” can be replaced by the test mode setting input.

2. “CSD” and “CSE” can be fixed by clamping. However, write the input value.

Remark When connecting input pin to bidirectional pin: Be sure to set the input mode when testing the macro.
When connecting output pin to bidirectional pin: Be sure to set the output mode when testing the macro.
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A.3 NA54A Pin Reference Table

Instance name

Mega Macro Test Input

Mega Macro Test Output

Mega Macro Pin Name External Pin Name Mega Macro Pin Name External Pin Name
TBIO DOO
TBI DO1
TBI2 DO2
TBI3 DO3
TBl4 DO4
TBI5 DO5
TBI6 DO6
TBI7 DO7
TBI8 CNTOUTO
TBI9 CNTOUT1
TBI10 CNTOUT2
TBI11 CDB
TBI12 Test Mode Setting Input
TBI13 External Pin Name Input Value
TBI14
TBI15
TBI16
TBI17
TBI18
TESTB"™™'
cSD™*?
CSEM®?
TTHR

Notes 1. “TESTB” can be replaced by the test mode setting input.
2. “CSD” and “CSE” can be fixed by clamp. However, write the input value.

Remark When connecting input pin to bidirectional pin: Be sure to set the input mode when testing the macro.

When connecting output pin to bidirectional pin: Be sure to set the output mode when testing the macro.
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A.4 NA59A Pin Reference Table

Instance name

(17)

Mega Macro Test Input

Mega Macro Test Output

Notes 1. “TESTB” can be replaced by the test mode setting input.
2. “CSD” and “CSE” can be fixed by clamp. However, write the input value.

Mega Macro Pin Name External Pin Name Mega Macro Pin Name External Pin Name
TBIO DOO
TBI DO1
TBI2 DO2
TBI3 DO3
TBl4 DO4
TBI5 DO5
TBI6 DO6
TBI7 DO7
TBI8 SAO0
TBI9 SAO1
TBI10 SAO2
TBI11 SVO
TBI12 INTR
TBI13 CDB
TBI14 CSA
TBI15 CSsv
TBI16 ESLCO
TBI17 ESLC1
TBI18 ESLC2
TBI19 ESLC3
TBI20 ESLC4
TBI21 ESLC5
TBI22 ESLC6
TBI23 ESLC7
TBI24 INTOO
TBI25 INTO1
TBI26 INTO2
TBI27 INTO3
TBI28 INTO4
TBI29 INTO5
TBI30 INTO6
TBI31 INTO7
TBI32 Test Mode Setting Input
TBI33 External Pin Name Input Value
TESTB"™™'

RST
CSDNolez
CSE™*?
TTHR

Remark When connecting input pin to bidirectional pin: Be sure to set the input mode when testing the macro.
When connecting output pin to bidirectional pin: Be sure to set the output mode when testing the macro.
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A.5 NZ16550A Pin Reference Table

Instance name

Mega Macro Test Input

Mega Macro Test Output

Notes 1. “TESTB” can be replaced by the test mode setting input.
2. “CSD” and “CSE” can be fixed by clamp. However, write the input value.

Mega Macro Pin Name External Pin Name Mega Macro Pin Name External Pin Name
TBIO DOO0
TBI1 DO1
TBI2 DO2
TBI3 DO3
TBI4 DO4
TBI5 DO5
TBI6 DO6
TBI7 DO7
TBI8 SD
TBI9 CSOUT
TBI10 DDIS
TBI11 INTRP
TBI12 BAUDOUTB
TBI13 DTRB
TBI14 ouT1B
TBI15 ouT2B
TBI16 RTSB
TBI17 SOUT
TBI18 TXRDYB
TBI19 RXRDYB
TBI20 Test Mode Setting Input
TBI21 External Pin Name Input Value
TBI22
TBI23
TBI24
TBI25
TBI26
TBI27
TBI28
TESTB"™'
cSD™"?
CSE™"?
TTHR

Remark When connecting input pin to bidirectional pin: Be sure to set the input mode when testing the macro.
When connecting output pin to bidirectional pin: Be sure to set the output mode when testing the macro.
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