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SYNOPSIS

The advent of the criteria to reduce the cost of the existing
telecommunication switching networks which use back-to-back multiplexer
. for add/drop of channels and the inflexibility due to fixed physical wiring for
mapping has lead to the wwolution of DIGITAL CROSS-CONNECT
gWITCHING SYSTEM (DCS) .

Digital Cross Connection - wvolves software controlled mapping by
interchanging the timeslots belonging to the input and output streams. The
annel mapping may be single or multiple and this can be femporary or
permanent. All these are programmable and is controlled by the user.
Adding and dropping of channels in a long distance transmission network is
possible by selecting the fre; time slots at the output and the input stream
respectively.

A sotwork of Digital Cross-Connect switch can be installed and the
entize network can be controlled by a single Network Management
System(NMS) terminal, thus supporting the centralized switching network
concept.

This project involves the study of Digital Cross-Connect Switch,
design of its control module and the development of assembly level

programs for intialization of various intergrated circuits in the control card
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INTRODUCTION

correspondance with the necessities and amenities requirecl by the mankind.
A most important requisite of any telecommunication system, whether used
for voice, data or other forms of electrical communication is its

interconnection capalnility. .

The system must be able to connect quiclzly and accurately between
any station or terminal with any other in the communication network. As a
first pha,Se n reducing the cost of the analog’ switching equipment and the
inﬂexﬂ)ihty in switching, we step in for &igital switching‘ which favours
dynamicaﬂy varying traffic, ﬂexibility n switching and pre—determined or

desired channel swi’cching of the user.

Chapter I explains about the PCM and voice communication
through multiplexing techniques. The Buropean standards  for
 telecommunication and Plesiochronous Digital Hierarchy (PDH) s
explained in this chapter. It gives a brief explana’cion about the present

communication system for add/ clrop of channels and its drawbacks.

Chapter Il gives an introduction for the Digital Cross-Connect
Switch. The concept of Digital Cross-Connect system is explained. The

seneral DCS architecture model and its operating principle is discussed in

Q

O
y



this chapter. Finaﬂy the over-view of 16-port Digi’cal Cross-Connect Switch

along with its salient features is given.

Chap’cer III gives a brief description about the Digital Cross-
Connect Switch equipment. The cards used in Digital Cross-Connect
Switch are described here and it gives a general idea about the arrangement
of these cards in the product. The function of each.car& and various devices

used in these cards are explaine(l.

Chapter v highhgh’cs on the control module. Tt gives the
architecture of the 80186 frocessor, which is the main unit in the control
circuitry. It expla,ins about various ICs used in the control card. Tt gives an

explana.tion about the worlzing and the various signals in the circuit.

Chapter A% explains about the software. The source code for
intialization of various integra’ced circuits used in the control card and voice
mapping, along with the algorithm and flowchart is given. It also brieﬂy

explains al)ou‘t the assembler used.

Thus an overview of what each chapter is going to deal with has

been Lrieﬂy introduced.



CHAPTER I

PRESENT TECHNOLOGY

In this chapter the basics of telecommunication such as PCM
techniques and  voice communication })y multiplexing Jcechniques are
discussed. This chapter explains about the present technology of using

conventional multiplexers used for add/ drop of channels and its drawbacks.

1.1 Voice Communication By Multiplexing Techniques

1.1.1 Time Division Multiplexing
Communication may involve transmission of voice sig‘nals or data.
In voice communication, the signals are coded in Linary form and each

channel is given an exclusive access to the tranmission line &uring‘ perioclic
slices of time known as TIME SLOTS. This ’cechnique is called TIME

" DIVISION MULTIPLEXING.

1.1.2 Pulse Code Modulation

Pulse code modulation (PCM) is a technique for converting analog
speech signal into digital format. The speech signal is first filtered to remove
all frequencies outside the range of 300-3400Hz. Speech signal is then

sampled at a rate of 8000 times per second. Bach sample is then converted

into an &-bit digital code word using a process called ENCODING.



The process of pulse code modulation is described in figl.l. The

net result of the pulse code modulation process is that each conversation

requires O4 Kbps.

1.2  Multiplexer ( MUX)

A multiplexer takes the data from a number of different devices,
combines it and sends it over one common line. This eliminates the need for
many separate circuits and .aﬂows signiﬁcant reduction in overall cost. The

basic multiplexer is illustrated in fig 1.2

1.3 European Telecommunication Standards
In India we are £ouowing the European telecommunication
standards. The TDM frame format using Buropean transmission and

switching system is lustrated in fig 1.3-

Each frame consists of 32 time slots out of which 30 is used for
PCM streams. TS0 denotes the sync. details and TS16 denotes the

signaﬂing details.

1.4 Plesiochronous Digital Hierarchy (PDH)
Transmission multiplex hierarchy has been (levelopecl for digital

transmission using PCM. At present the standard used in pul)lic telecom

network (PTN) is plesiochronous cligital hierarchy.



European Plesiochronous Digital Hierarctiy (PDH) till ES level is

. shown in the Table T.1.1. and tig 1.4-

1.5 Tranmission Network Using Conventional Multiplexers

At present, to drop/insert cllanriels, l)aclz—to—t)aclz multiplexers are
used. A typical long distance  tranmission network  involving
switcliing/transmisson equipment is illustrated in tig 1.5 . The long distance
(iigital radio network connecting number of places and the typical channel
multiplexing/ demultiplexing equipment hierarchy for B2 level is shown in
the tigure. In order to ctrop/insert service channels, say between station 1
and station M to carry Sut)scril)er Trunk Dialling (STD) calls, two numbers
each of second order and primary multiplexers are requirect to accomplisti

the taslz. Ttiis gituation l)ecomes still worse if the transmission networlz

carries 34 or 140 Mt)ps data.

1.6 Drawbacks Of Using Conventional Multiplexers
Wtien we use t»acle—to-l)aclz multiplexers n orcier to a,(tct/ drop some

specitic channels in between two stations, the drawbacks are:

(i) When there are more number of sulascriloers, then the order of
multiplexer used is more, then corresponcting order of back to back

multiplexers must be used in the add/ (lrop circuit which will increase

the cost.



1i To satisty service requierments along facility routes, blocks of
q g y

channels must be clroppecl, blocked and then added

Herewith, we have seen about the multiplexing tecliniques and
transmission network using conventional multiplexer. Bacause of the -

. demerits of using conventional multiplexer in tranmission network we go in

for Digital Cross-Connect Switch.
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PDH STANDARDS

European )

. 565.148 Mbps

0. Order MUX

Tabel T.1.1 European PDH Hierarchy



CHAPTER-II

DIGITAL CROSS-CONNECT SWITCH

The Digital Cross-Connect Switch(DCS) is a versatile multiplex
equipment used in long distance transmission network to drop/ insert traffic
channels with instant ﬂexil)ihty obviating the need for hierarchial

multiplexing equipments .

Digital Cross-connect Switch provicles 64K1)ps cross- connection of
voice/data channels between any incoming and outgoing digital PCM

streams.

This chapter deals with the explanation about the digital cross-
connect system and its architecture.It also gives an overview of 16-port

DCS and its salient {eatures.

21 Digital Cross-Connect Systems

All electronic(soﬂware controﬂe&) cross-connect equipment is
_ designated as Digital Cross-Connect System.Some of the capalailities of a
DCS are the integration of the basic E1 or E2 signals within or between
higher level signals, networlz-hu]alaing and text access. These units use time-
slot interchanges to transfer channels among terminations. They thus allow

interconnection of, for example, channel-3 of stream-7 to channel-18 of



stream—l(). They eliminate channel }Janlzs at points where channels are

transferred between carrier systems.

With a DCS system, the control of individual channels on El1
systems passing through the DCS may be given to the customer. In this
case, switching commands enter the DCS—controﬂer from the customer's
site, auowing substantial ongoing reconfig‘ura‘tion of the customer's
network.Security features limit the customer re-arrangement capa})ility to

only his own circuit.

22 Communication System Using Digital Cross-Connect Switch
Due to the drawbacks of using conventional MUX in 1ong distance
" transmission network as explained mn chapter—l we go in for Digital Cross-

Connect Switch for smaller exchange.

When we use conventional MUX for hig‘her channel capaljilities,
the number of back-to-back mul’tiplexers used will be more. When the
transmission network carries 34 or 140Mbps data, the situation becomes

worse. But in the case of Digital Cross-Connect Switch, drop/insert of

traffic channels is completely per£ormec1 ]oy software.

-

The deployment of DCS is also cost effective compared to

" traditional MUX/DEMUX for the captive network  users and service



The long distance digital radio network connecting numbers of
places and the typical channel multiplexing/demultiplexing equipment
hierarchy for B2 level is explained in Fig.2.1.Here four 64Kbps service
channels are utilised for add/dropp of channels.

2.3  DCS Architecture Model

A generic DCS system is shown in Fig.2.2.It is divided into three

major modules.They are:
(i) Input/Output Interface Mo&ule(I/ O)
(i1) Administration Moclule(AM)

(iii) Cross-Connect Module(CCM)

The explanation of the individual modules are given below.

2.3.1 Input/Output Interface Module(l/O)
The I/O module includes interface ports which terminates signals

and passes them to the Cross-Connect Module and a microprocessor based

controller monitors the I/O connections.

2.3.2 Administration Module (AM)
The AM module controls the entire Cross-Connect System and
interfaces with the external operation systems or local operators. It includes

main memory and non-volatile memory (eg,hard dislz), a CPU-based



system controller within the AM stores all application programs(in ROM)
including the restoration program, and controls and co-ordinates /O and
CCM modules. The main memory within the AM stores all configuration

maps and other key information.

2.3.3 Cross-Connect Module (CCM)

The CCM module includes a Switching Matrix Controller(SMC)
nd a Cross-Connect Switching Matrix(CCSM). Switching Matrix
Controller stores working map and controls re-configuration during the
restoration mode based on new map AM i.e, it monitors the accuracy of the

cross-connections.
2.4 Operating Principle
The basic operations for the DCS system includes two modes.One

18 normal mocle ancl the other 1s the restoration mocle.

2.4.1 Normal Mode

In this mocle, the channel enters the input module (i.e,I/ 0) ,then it

is forwarded to the CCSM of the CCM module for transport through,

based on the residing cross-connections map.

2.4.2 Restoration Mode
This mode is implemented cluring‘ power failure. When a restoration

process is in progress, the restoration messages are terminated at the I/O



module and then forwarded to the system controller of the AM module for
message processing. The purpose of the restoration message processing is to
execute the restoration algorithm and eventuaﬂy to obtain a new DCS
conﬁguration either from the pre-pla,nned database stored in the hard disk
or the main memory of the AM module, or loy dynarnicaﬂy computing the

new conﬁguration for each received message.

Once the system controller has the new configuration map, it
transfers the new map to the SMC  which then updates the current

configuration map.

The primary SMC verifies and tests whether the new ports specified
in the new conﬁgura’cion map are correct and wor]zaing. Once the
verification and the testing are complete, the SMC initiates the change of

the CCSM matrix conﬁguration. Now the physical pat}l arrangement

within the CCSM happens.

2.5 Over View Of 16 - Port DCS
A 16-port Digital Cross-connect Switch provi&es cross connections
at 64Kbps for all channels of 16-2Mbps (exactly 2.048Mbps) PCM

streams.

As a highly efficient networlzing tool the Digital Cross-connect

Aol oAl o Tidatine a1 srooming of 2Mbps data. The major



areas of application are Public Telecom Networlzs(PTN) and  also Private

Networks like Raﬂways,Defence ete.

2.6 Salient Features Of 1 6-Port DCS

10.

11.

Capacity to inter-connect 16 numbers of 2.048Mbps PCM
streams.

System is £uﬂy modular,expandable in steps of two I/O ports
upto sixteen I/O ports at 2,048 Mbps.

512 x 512 non-blocking cross-connections of 64Kbps channels.
Overwrite possil)le for signal and voice mappings.

Bit-wise manipulation(set,Reset,Invert)of signaﬂing bit mapping
1s possible.

Can work on Internal, External or Extracted Clock in any order
of priority.

Voice channels cé,n be put in conference mode.

Mappings can be made temporary or permanent. Permanent
mappings are retained in case of power failure.

Under system/power failure conditions default mappings between
all 2Mbps streams are provicled.

Errors are indicated using alarms.

Network of Digital Cross-connect terminals can be established



12. User interface is through VT-100 terminal or remotely through
another DCS.
13. Power supply for DCS is - 48V DC(Nominal).

Herewith, we have seen what is a Digital Cross - Connect System,

its operating principle and a 16-port Digital Cross-Connect Switch.



ADMINISTRATION MODUSLE (AM)
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CHAPTER-III

DCS EQUIPMENT DESCRIPTION

This chapter ‘deals with the various cards used in Digital
" Cross-Connect Switch and the way in which they are arrange&. The
explanation about various cards is given along with function of various

integrated circuits used in the cards.

3.4 Cards In DCS

The following types of cards are equipped in DCC sub-rack.
1.Power Supply Card.

2.Control Card.

3. Timing and Switciﬁng Card.

4. Interface Card.

5.Back Panel.

Fig.3.1 shows how all the above cards are equipped in a 16-port

DCS.
3.1.1 Power Supply Card
The Power Supply Card accepts 48V DC input and provides +/-

5.6V DC output. The circuit mainly comprises of switching transistors,

_ transformers, input and output filters and pulse width modulators.



The unregulated DC input is switched around 30KHz and the
ON time of the switch is varied to maintain the output voltage within the
speciﬁe& limits. The energy is stored in the chokes cluring the conduction
time of the transistors and supplied to the load during half periocls }Jy the
switching‘ transistors. The voltages are rectified and power is smoothened })y

the capacitors. Further fﬂtei‘ing is done Ly a set of inductors and capacitors.

The output voltage +5V is sampled and fed to a 741 op-amp and is
compared with a reference level. The amplified error is fed to the input of
the opto-coupler (IC SL-5500).This modulates the width of the pulse.The
width modulated pulse is buffered through transistors and fed to the

switching transistors through pulse transformers.

In case of overvoltage on either the +5.6V or -5.6V, the voltage
regulator(IC LM-339) conducts and triggers the opto-coupler 1C,thus
chutting down the output voltages by turning off the driving pulses. The
" output voltages +5.6V and -5.0V is set by a set of potentiometers and

resistors. The correct voltages present is indicated by an LED.

The failure of the power supply due to overvoltage trip, under

voltage trip or input fuse fail is indicated by glowing‘ of the LED.

The entire system load can be borne l)y either a single power supply

1 Tt e 1 When hoth nower subply cards are used,failure of



a single card will not affect the working of the equipment.The second power

supply card can be jaclzecl in or out even when the equipment is ON without

affecting the working of the system.

3.1.2 Control Card

The control card regula,tes the worlzing of the entire system and also
includes the user interface circuitry. The versatile and widely used 80186
processor and its associated peripherals constitute the core of the control
circuitry. The control circuitry can address 1MB of memory and 64K I/O
ports. The program storea in EPROMS also includes the information
necessary to initialize FPGA's used on the Timing- Switching and
Interface cards. EEPROMS are used to provide the requirecl non-volatility
for mapping information. However, if the mapping information is specified
to be temporary, the EEPROMS are not updated. A High Speed Data
Link Controuer(HDLC) is used to facilitate remote mapping/monitoring of
other Digi’cal Cross Connects connected in master-slave format.No separate
data link is required for HDLC, instead two spare bits in any PCM stream

may be used for this purpose.

Two RS232C ports are providecl. One port is connected to a VI-
100 terminal £or user interaction. The secon& seria] port 1is connected to a

Network Management System(NMS) terminal. Two USARTSs are used to



interface the microprocessor with the serial ports. RS232C Transreceiver

c]nip converts TTL level signals to RS232C levels and vice-versa.

The system can process both hardware and software interrupts.
Hardware interrupts are used to facilitate user interaction, either locauy or
remotely through another cross-connect. Software interrupts are used to
provicle an onboard real time clock and to provide certain built in safe g‘uards

for the microprocessor working.

On system hang, under voltage conditions etc., micromonitor chip
provicles a g‘eneral system reset. System can also be reset })y pressing the
switch marked RST on the front plate of the card or through software upon

user request. Card fail indication is denoted })y an LED.

In addition to active control card, there will be cold stan(ﬂ)y ]:)aclzup
for the active control card. All user entered mappings also get upda‘ced on
the standby control card. Tf the active card fails, the system must be
switched off and the stahcu)y card inserted in the active card position.

System Iﬁay then be powerecl on again.
3.1.3 Timing And Switching Card
The Timing and Swi’cching Card generates all the timing sig‘nals

requirecl for the operation of the system and execute various types of

e 1o abhe information inputs {rom the control card.



The description of the TS card is groupe& under the following

headings.

3.1.3.1 Clock Selection

The 2.048 MHz system clock can be chosen from an internal clock,
an external clock or any of the extracted clocks of the four 2Mbit
streams.The internal cloclz_ ie derived from the onboard 16.384MHz
. oscillator. An op-amp converts the sinusoidal external clock input to TTL
levels. The extracted clock from a particular stream is derived from the
corresPonding interface card. A hierarchy of priorities can be allotted to the
various cloclz gources and switch over ﬁorn/ to a higher/lower priority cloclz

can be accomplishecl.

3.1.3.2 Generation Of 8.192MHz Signal
The Phase Locked Loop(PLL) chip is used to generate a

8.192MHz clock signal from the system clock.

3.1.3.3 Generation Of Timing Signals
Various timing markers are generatecl with respect to the chosen
system clock. These includes Frames, Time slot and other timing signals

requirecl for the operation of the system. All these timing sig’nals are

genera’ced {rom an FPGA IC.



3.1.3.4 Channel Mapping

A single channel mapping involves routing of the voice and
signaﬂing information from an input time slot to the output time slot.
Entirely different methods are used to execute voice and signalling mapping.
Voice mapping is done by a powerful custom built VLSI chip, whereas

signaﬂing mapping is accomplishecl using a set of dual port RAMs.

3.1.3.5 Conference Mapping

Conferencing of three(or more) voice channels is made
possible by the use of PCM conference ICs. Each conference IC can put 32
' channels in conference. The number of channels that can be put in a single
conference path varies from 3 to 32. Thus 20 separate three way conference
paths can be established. The possible number of conference paths gets
reduced if more than three channels are used per path. Each bit of the
common output signalling information of 'N' channels in conference will be
the logical bit wise AND of the corresponding input signalling bit of all 'N'

channels.

3.1.3.6 Mapping Overwrite
Overwrite are provic],e(l for voice and sig‘naﬂing‘ mappings.
Mapped voice information can be overwritten })y a selected })y’ce.For

signaﬂing mapping bit wise manipulation of data is possil)le.



3.1.3.7 Card Fail Indication

Failure of card is indicated by an LED and an appropriate

error message 1s displayed on the monitor.

3.1.4 Interface Card
Each Interface Card caters for two 2.048MHz streams, both
{or transmit and receive. Consecutive num]oers wiﬂ be allocated to the two

streams on the IF card, one of the streams(stream A) l)eing‘ even numbered

and other(stream B) odd numbered. The stream numbers will be:
Even stream number=(IF Card No.)x2
Odd stream number=Even stream No.+1

On the receive side,})oth streams are lesiochronous and contain
p
unmapped information. On the transmit side, streams are synchronous and

contain mapped information.

On user request it is possiMe to provide a Lypass between the
two streams connected on the TF card.Under this condition all mappings

pertaining to these two streams become invalid.

3.1.4.1 Receive Side Working

The PCM line interface chip converts the input Lipolar signal to

two unipolar signals RPOS and RNEG. This Chip also extracts the clock



from the mput signal. The primary PCM transreceiver chip decodes the

input at RPOS,RNEG to give the received NRZ output RNRZO.

FPGA extracts the receive signal and spare bit information from

both streams and also converts them from serial to paraﬂel form.

The PCM transreceiver Cl’lip catagorises all receive alarms.

3.1.4.2 Transmit Side Working

FPGA does the parallel to serial conversion of signaling/ spare
bit data and multiplexes the mapped voice,signalling and spare bit
information to give the separate transmit input of each stream. PCM
transreceiver chip accepts the input and injects the frame and multiframe
synchroniza‘cion words. The resultant signal is encoded ,and converted to
two unipolar outputs TPOS and TNEG. The PCM line interface chip
converts the two unipolar signals to bipolar form. A transformer steps up the

output signal to the requirecl levels.

Herewith, we have seen about various cards used in digital cross-
connect switch. The function of each card and the integrated circuits used is

also discussed.
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CHAPTER IV

CONTROL MODULE FOR DCS

This chapter Jdeals with the various integra’ced circuits used in the
control card including the 80186 microprocessor. The entire hardware of

the control card is described in the following sections.

4.1 Hardware Description

The hardware part of control module mainly constitutes the
80C186XL. microprocessor and a High Level Data Link (HDLO)
controller. Control card also cludes various High Speed CMOS TTL

compatiable (HCT)ICS aloné with various logic gates.

4.1.1 Architecture of 801 86 Microprocessor

The 16-bit processor used in the control card circuit is 80C186XL.
The architecture of 80C186XL microprocessor i« shown in fig 4.1. The
80C186XL. is a 16-bit microprocessor developed using VLSI technology.
It combines 15 to 20 of the most common microprocessor system
components onto one chip. The 80C186XL. is object code compatible with

the 8086/8088 microprocessors and adds ten new instruction types to the

8086/8088 instruction set.’



41.11. 80C186XL Clock Generator

The 80C186XL. provides an on-chip clock generator for both
<aternal and external clock generation. The clock generation features a
crystal oscillator, a divide-by-two counter, synchronous and asynchronous

rea&y inputs and reset circuitry.

The crystal or clock frequency chosen must be twice the require&
processor operating frequency due to the internal divide by two counter.
This counter is used to drive all internal phase clocks and the external
CLKOUT signal. CLKOUT is a 50% duty cycle processor clock and can be

used to drive other system components. All ac timings are referenced to

CLKOUT.

41.1.2 Bus Interface Unit

The 80C186XL pr;)vi(les  local bus controller to generate the local
bus control signals. In addition, it employs a HOLD/HLDA protocol for
relinquishing the local Lus to other bus masters. It also provides outputs

that can be used to enal)le external Luﬁers and to direct the flow of data on

and off the local bus.

The bus controller is responsible for generating 20 bits of address,
read and write strobes, bus cycle status information and data ( for write

N o Tt s also responsible for reading data from the



local bus during a read operation. Synchronous and asynchronous rea(ly

input pins are provide(l to extend a bus cycle })eyond the minimum four

states ( clocks )

The 80C186XL bus controller also generates two control sig‘nals
( DEN and DT /IQ ) when inter£acing to external transreceiver chips. This

capal)ility allows the addition of transceivers for simple ]auﬁering‘ of the

multiplexecl address/data bus.

. 4113 80C186XL Peripheral Architecture

All the 80C186XL integrated peripherals are controlled by 16-bit
registers contained within an internal 256-byte control block. The contorl
block may be mapped into either memory or 1/O space. Internal logic will

recognize control block addresses and respond to bus cycles.

The 80C186XL. contains logic which provicles programmal)le chip—
select generation for both memories and peripherals. In addition, it can be

programmed to provide READY (or WAIT state) generation. It can also

provi(le latched address bits Al and A2. The chip-select lines are active for
all mernory and I/O cycles in their programmed areas, whether they be

generate(l loy the CPU or lJy the integrated DMA unit.

The 80C186XL provides siX memory chip select outputs for three

acldress areas. Thev are upper memory, 1OWGI‘ memory and midrange



memory. One each is provicled for upper memory and lower memory, while

four are provide(l for miclrange memory.

The 80C186X1L. provides a chip select, called UCS, for the upper
memory. The upper memory is usua,uy used as the system memory because

after reset the 80C186XL, Legins executing at memory location FFFOH.

The 80C186XL provides a chip select for lower memory called
EC—S. The bottom of memory contains the interrupt vector table, starting at

location OOO00H.

The 80C186XL provides four MCS  lines which are active within a
user locatable memory block. This block can be located within the
- 80C186XL 1M1)yte memory address space exclusive of the areas defined by

UCS and LCS. Both the base address and size of this memory block are

programmalnle.

The 80C186XL can generate chip selects for up to seven peripheral
devices. These chip selects are active for seven contiguous blocks of 128

by’ces above a progammal)le base address. The base address may be located in

either memory or T/O space.

The 80C186XL. can generate a READY signal internaﬂy for each

" of the memory or peripheral CS lines. The number of WAITT states to be

11 I N,



states for all accesses to the area for which the chip select is active. In
addition, the 80C186XL. may be programmed to either ignore external
READY for each chip—select range individuaﬂy or to factor external

READY with the integratecl rea&y generator.

41.1.4 DMA Unit

The 80C186XL. DMA controller provides two independent high-
speed DMA channels. Data transfers can occur between memory and 1/O
spaces (e.g., Memory to I/O) or within the same space (e.g., Memory to
Memory or 1/O to 1/O) . Data can be transferred either in bytes (8 bits) or
in words (16 bits ) to or from even or odd addresses. Each DMA channel
maintains both a 20-bit source and destination pointer which can be
optionally incremented or decremented after each data transfer ( by one or
two depending on byte or word transfers ). Bach data transfer consumes two
 bus cycles ( a minimum of & clocks) one cycle to fetch data and the other to

store data.

41.1.5 Timer/ Counter Unit

The 80C186XL provides three internal 16-bit programmable
timers. Two of these are highly flexible and are connected to four external
pins ( two per timer). They can be used to count external events, time

external events, generate nonrepetitive waveforms, etc. The third timer is



not connected to any external pius, and 18 useful for real—time cocling‘ and
time delay applications. In a(ldition, the third timer can be used as a

prescaler to the other two, or as a DMA request source.

4.1.1.6 Interrupt Control Unit

The 80C186XL. can receive interrupts from a number of sources,
both internal and external. The 80C186XL has five external and two
internal interrupt sources ( Timer /Counters and DMA ). The internal

interrupt controller serves to merge these requests on priority basis, for

" individual service by the CPU.

4117 DRAM Refresh Control Unit

The Refresh Control Unit (RCU) automatically generates DRAM
refresh bus cycles. The RCU operates only in Enhanced Mode. After a
programmable period of time, the RCU  generates a memory read request to
the BIU. If the address generated during a refresh bus cycle is within the

range of a properly programmed chip select, that Cl’lip select will be activated

when the BIU executes the refresh bus cycle.

- 4.1.1.8 Power Save Control
Tl'xe 80C186X1L when in Enchanced Mode, can enter a power

saving state l)y internauy dividing the processor clock frequency by a



programmable factor. This divided frequency is also available at the

CLKQUT pin.

All internal 1ogic, including the refresh control unit and the timers,
have their cloclzs slowecl down l)y the division factor. To maintain a real time
count or a fixed DRAM refresh rate, these periphrals must })y re-

programmetl when entering and leaving the power-save mode.

4.1.2 HDLC IC
A high speed data link controller ( HDLC) SAB-82525 is used to
{acilitate remote mapping/ monitoring of other Dig‘ital Cross—Connect

Switch connectec]. mn master—slave {ormat

41.3 Micromonitor Chip

In order to safeguarcl the microprocessor from voltage ﬂuctua‘cions

the micromonitor chip is used (D81232)

414 Dual Rs-232C Transmiter/Receiver
In order to convert TTL level to RS-232C leverl and vice-versa, a

+5V powered dual RS-232C Transmitter/Receiver (DS 1228) is used.

41.5 HCT ICs
Various Hig}l Speed CMOS TTL compatial)le ICs are used in the

control card.



4.1.5.1 Buffer

A £uﬂy buffered signal will introduce a time delay to the system.
This causes no difficulty unless memory or /O devices are used which
function at near the maximum speecl of bus. The buffer's output currents
have been increased so that more TTL unit loads may be driven. A quad

buffer/line driver (744HCT 125 ) and six buffer/ line driver (74 HCT244) are

used.

4.1.5.2 Latch
The latch is a type of bistable device. Two D-type positive edg‘e—

triggered 3-state flip flops (74 HCT 173) are used.

4.1.6 Logic ICs

Various logic ICs like NAND, AND and NOT gates are used. The
inverter performs a basic function called inversion to change one logic level
o the opposite level. A HEX.INVERTER (74 HCT 04) is used. The
AND gate performs logical multiplication. A quad 2-Tnput AND gate
(74 HCT 08) is used. The OR gate performs logical addition. Quad 2-input
OR Gate ( 74 HCT 32 ) is used. The NAND gate implies an AND

function with a complementecl output. A dual, four input NAND gate

(74 HCT 20) is used.



447 - Other HCT ICs

Various other HCT ICs used in control card are DECODER and
OCTAL BUS TRANSRECEIVER. A 3- to — 8 DECODER ( 74 HCT
138 ) is used. It selects one of the eight output lines depending on the
input. Three OCTAL BUS TRANSRECEIVER ( 74 HCT 245 ) are

usecl.

41.8 Memory Chips
Two EEPROMS, two EPROMS and two RAMS constitute the
memory of the control card circuitry . EEPROM used is 64K ( 8K x 8 )
OMOS AT28C64. EPROM used is 512K ( 64K x 8 ) CMOS

AT27C512, RAM used is 424K(32K x 8 ), 6204.

4.1.9 USART IC
A device which can be programmecl to do either asynchronous or

synchronous communication, is often called a Universal Synchronous -
Asynchronous Receiver Transmitter (USART) A 8251A s used to

interface the microprocessor with the serial port.



4.2. Circuit Description
The  circuit implements an 80186 1 6-bit  processor.

8.192 MHz crystal 1s c_onnected to  the processor to generate an

, internal clock £requency of 4.96 MHz.

The lower order address bits(8 bits) is demultiplexed from the
multiplexecl address/data bus using 74HCT373, which is a three state octal
latch. The latch is enabled by Address Latch Enable(ALE) signal from the

processor, similarly the higher order bus is demultiplexed using 74HCT373.

The data bus is &emultiplexecl {rom the multiplexed address/data bus

using two 74HCT245 which is a octal bus transreceiver. The lower order

data bus is separate& Ly enabling 74HCT245 using data enal)le(DEN) and
. AO. The higher order data bus is chosen })y enalaling 74HCT245 using data

enable (DEN) and Bus High Ename(BHE).

The data output of the processor (or) data input of the processor

from external peripherals is decided by the DIR pin present in

74HCT245. The DIR pin is enabled by the DT/—R (Data Transmit/ Receive)
from the processor. The Bus High Enal)le(BHE) , Data Enable(DEN) and
the Data Transmit/Receive (DT/{Q) signals are provide& through the latch

74HCT244.



All the data and address lines are available to the other cards and

peripherals through Euro plugs.

Micro monitor chip(DSlZ?)Z) 18 providecl in the Contro]l Card for

monitoring voltage level and resetting the processor whenever necessary.For
protecting the processor from voltage fluctuations , tolerance level
choosen is 4.75V Ly gréunding TOL pin. When the voltage level
drops below 4.75V the RST signal is activated and during power u
p g g P %

the RST signal is generated for atleast 250ms. The processor can also
be reset by the use of push button reset which is activated })y an

external switch provicle(l to the user.

The Micro monitor chip also resets the processor when it is idle for
1.2s l)y using the Strobe signal. The time clela,y is chosen }Jy connecting the

TD pin to 5V.

The processor receives interrupt from VT terminal through INTI.
The High Speed Data Link Controller(HDLC) gives its interrupt to the

processor tl’lrough INT 2 . The Network Management System(NMS)

interrupts through INT 3 of the processor.



The Read, Write, P.rogrammal)le Chip Select(PCS5) and the RST
signal from the microprocessor is made available to other cards through the

1a’ccl’1 T4HCT244. Card :Eailure indication is provi(le& hy LED DS 1.

The system consists of two EPROMS cach of 8 bit length and with
memory capacity of 64K. There are used in paraﬂel l)y the processor for an

wor&length.

The two EPROMS 27C512 are selected by the address bit A17
which is high and Upper Chip Select(UCH) which is active low. For
choosing the memory (27C512) for lower order data bits |, address bit AO

must be low and it is logicaﬂy ORed with A17 OR UCS.

Similarly , the chip 27C512 is selected for higher order data bits by

the signals Bus High Enable(BHE) which must be low and it is 1ogicaﬂy

ORed with A17 OR UCS. Address bits used for accessing these EPROMS

are A1-A16.

The system also consists of two RAMS 6264, each of 8 bit length

and capacity 32K.

The even bank memory is selected Ly Lower Chip Select (Ij(—lg) and

AQ, where both shoulcl be low.



The odd memory bank is chosen 1)y Lower Chip Select(LCS) and

Bus High Enable(BHE), where both are active low signals. 28CO64 is

the EEPROM used for storing permanent mapping details.

The lower order memory bank is enabled by Memory Chip

_—

Seleot(MCSO) and AQ, when both are low.

The higher order bank s selected using Memory Chip

Select(MCS0) and Bus High Enable(BHE) , where again their levels

are 1OW.

The capacity of these EEPROMS are 8K individuauy with address

lines accessing them are from Al to Al3. Their data lengths are 8 bits.

The memory contents are read using the signal RD and written into

. the chip by enabling W

For signal mapping dual port RAMS are used, which are present in
the Timing and Switching Card. The dual port RAMS(DPRAMS) are
enabled by using a decoder (74HCT138). The address bits used are A8 to

Al0.

The DPRAM chip is enabled by Memory Chip Select 2 (MCS2).
A High Speed Data Link Controller (HDLC) (82525) is used to

{acilitate Remote Mapping / Monitoring of other Digi’cal Cross-connects



connected in master — clave format. No separate data link is required for
HDLC. Instead two spare bits in any PCM stream may be used for this

purpose.

The HDLC chip (82525) is enabled by memory chip selectMCS1).
The address and data lines used are Al to A7 and DO to D7. The interrupt

pin of HDLC is connectecl to INT 2 of the microprocessor. The
‘ HDILC chip is reset using RST input {rom the processor. There two

channels (A and B) through which data are received (or) transmitted seriaﬂy

by RxDA,RxDB and TxDB.

Two USARTSs (8251A) are used as an interface between the

microprocessor and serial ports (RS-232C) which are connected to
VT100 terminal and NMS terminal. A dual RS-232C

Receiver/ Transmitter that converts TTL levels to RS-232C levels for serial
oxt connections. DS1228  is the USART interfacing with NMS terminal.
' This ie enabled using programmable chip select 0 (PCS 6). The data from
the NMS terminal is connected to R2IN of the dual RS-232C
Receiver/ Transmitter (DS1228),which is converted to TTL level and is

outputte(l ’chrough pin R2 OUT and in turm to Receive Data (RxD) of

USART 8251A. Now, the Receive Ready (RXRDY) signal goes high due to



the receiver buffer being full. The RxRDY is given as interrupt(NMS) to the

microprocessor.

The microprocessor acknowledging the interrupt, gives out the read
Signal(RD). Data i read in parallel form from the data pins DO to D7 The
Jata to be transmitted from the processor, is converted from TTL level to
RS.232C level by connecting Transmit Data (TxD) pin to T2 in of the

dual Transmitter/Receiver(D S$1228).

Before this operation, the processor sends the WRITEW) sig‘nal

to the USART. The data '}n RS-232C 1evels s sent from T2 out to the

_ serial port.

The Receive Clock (RxC) and the Transmit Clock (TxC) is tied

together and driven })y the same clock £requency whether it is control or

data (C/ D)is deci&ed Ly Al.

Similarly, the USART 8251A used for VT100 terminal is enabled

by Programmal)le Chip Select (PCS1).

In this case the conversion of TTL to RS-232C levels and vice-
versa are carried out })y the pins T1 in, T1 out and R1 in, R2 out

: respectively.

The RESET pin of USART is connected to the RST pin of the



4.3 Working Of The Control Card

The mapping details i.e., the input stream number and timeslot
number which is to be mapped to a particular output stream number and
timeslot number is given as the input to the VT100 terminal. Now an
' interrupt is given to the microprocessor by the VT100 terminal. The
processor in turn enables USART through which data is received in the
paraﬂel form. If the mapping is to be permanent, the mapping details are
stored in EEPROM. This also provides non-volatility for mapping
in{orma’cion.ﬂ the mapping is to be temporary the data is stored in RAM.
These are done by‘ selecting the corresponding memory chips accorcling to

their utilities.

These mapping details are sent to control RAM ( CRAM) of VLSI
chip DSE001 which is going to take care of switching. The incoming PCM
streams are stored in speech RAM(SRAM) which is modified 1)y the details

given in CRAM. The above mentioned process 1s for voice mapping.

Herewith, a detailed explanation about the operation of the control
card circuitry and various 1Cs used in this module is given. Next chapter
focusses on the software development and tools for assembly Jevel

programming.
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CHAPTER -V

SOFTWARE

Various integrate(l circuits and devices in control card is controlled
Ly the 80186 microprocessor. Other cards are also intialized and controlled
by the 80186 microprocessor. So, programming of 80186 microprocessor
is of great importance. In this chapter, the source code necessary for
intialization of various integrated circuits used in control card is explained
. along with intialisation of various other cards. Source code for voice

mapping 18 also given. Assembler details are also given in this chapter.

5.1 OBJECTIVE

The main objectives of programming the 80186 microprocessor are:
1. Intialization of various integratecl circuits in control card.

2. Intialization of other cards.

3. Voice, signal and spare—bit mapping( single or multiple).

4. Mapping over wﬁte. |

5. Indication of faultin the system

In our project we have developed the software for the intialization of
various integra’ced circuits in control card, intialization of other cards and

program for voice mapping.



5.2 Assembly Language Program Development Tools

For all but the very simples’c aSSemHy languag‘e programs you will
' prol)ably want to use some type of micro computer development system and
program &evelopment tools to make your work easier. These systems usuaﬂy

contain several hundred Kl)y’ces of RAM, a keyboarcl and video display,

ﬂoppy and/or hard disk drives, a printer and an emulator.

5.2.1 Editor

An editor is a program which when run on a system, lets you type
in the assembly 1anguage statements for your program. Examples of editors
are ALTER which runs on Intel systems, EDLIN which runs on IBM PCs,
. and WORDSTAR which runs on most systems. The main function of an
editor is to help you construct your assembly 1anguage program in just the
righ’c format so that the assembler will translate it correcﬂy to machine

1anguage. This form of your program is called the source program.

5.2.2 Assembler

An assembler program is used to translate assembly lang‘uage
mnemonics to the correct binary code for each instruction. The assembler
will read the source file of your program from the disk where you saved it
‘ after editing. An assembler usuauy reads your source file more than once.

On the first pass t]nrough the source program the assembler finds

1 1



offset of labels and puts this information in a sym})ol table. On a second

pass throug}l the source program, the assembler produces the binary code

for each instruction and assigns addresses to cach .

The assembler generates two files on the ﬂoppy or hard disk. The
first file is called the oljject ﬁle. The object file contains the binary codes for
the instructions and information about the addresses of the instruction.
This file contains the information that will eventually be loaded into
memory and executed. The second file g’enerated }Jy the assembler is called
the assembler list file. This file contains the assem]aly language statements,
the binary codes for each instruction, and the offset for each instruction.
You usuauy send this file to a printer so that you will have a printout of the
entire program to work with when you are testing and troubleshooting the

program. The assembler listing will also indicate any typing or syntax errors.

" 5.2.3 Linker

A linker is a program used to join together several ol)ject files into
one 1arge object file. When writing la,rge programs it is usuaﬂy much more

efficient to divide the large program into smaller modules. Each module can

be incliviclua.ﬂy written, tested and debugged. When all of the modules work

they can be linked tog‘ether to form a 1arge {unctioning program.



The linker produces a link file which contains the Linary codes for
all the combined modules. The linker also procluces a link map file which
contains the address information about the linked file. The linker however
does not assign absolute addresses to the program, it only assigns relative
addresses starting form zero. This form of program is said to be relocatable
because it can be put anywhere in memory to be run.

5.2.4 Locator

A locator is a program used to assign the specific address of where

* the o}Jject code is to be loaded into memory.
5.3. Voice Mapping
Voice mapping involves routing of the voice information from an

input time slot to the output time slot.

5.3.1. DSE 001 CHIP ORGANISATION

The digital switch element illustrated in fig‘5.1 has six major

functional blocks viz.

1. IBUF

2. OBUF
3. SRAM
4. CRAM

5. Micro Intf.
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5.3.1.1 IBUF

The IBUF has 16 serial PCM input lines. The data on these 16
PCM inputs is received at a fixed rate of 2.048 Mbits/sec. The IBUF unit
performs the serial to parallel conversion of the 16 PCM inputs data stream.
The resultant sixteen ,8-bit data words are sequentially stored in the speech
RAM(SRAM). The 8-bit corresponds to the time slot information. All
PCM inputs must be phase synchronous,i.e., the bit O of time slot O of all
PCM inputs must occur at the same time. When FPIN is active the IBUF

unit marks all the PCM inputs as bit 0 of time slot O.

5.3.1.2 OBUF

The OBUF has sixteen serial PCM output lines. The data on these
' cixteon PCM lines is transmited at a fixed rate of 2.048 Mbits/sec. The
OBUF receives sixteen sequential 8 bit words from the SRAM. This
parallel data is converted into serial data stream. The FPOUT signal marks
the beginning of the sixteen PCM outputs,i.e., the bit O of time slot 0 on all

PCM output lines.

5.3.1.3 SRAM
This is a 512 x 8 random access memory which stores the speech
samples of the 512 input time slots for one frame. The SRAM map 1is

* illustrated in fig 5.2. The samples of the input time slots are stored in



of the>16 PCM input links, while the next 16 locations store time slot 1 of
the 16 PCM links and so on. For example, the data of time slot 31 of PCM

link 15 is storecl in location 511 of the SRAM.

5.3.1.4 CRAM

This is 512 x 10 RAM whose contents determines the input time
_slot to output time slot mapping (switching). The address of the individual
CRAM location specifies the output time slot, while the content of the
Jocation specifies the input time slot. The CRAM map is illustrated in fig
53 . Of the ten bite of the CRAM, nine bits are used for addressing SRAM
for effecting the switching and the tenth bit indicates the IDLE/BUSY
ctate of the corresponding output time slot. When idle, the (Lower) CRAM

contents are placed in the cortesponding output time slot.

5.3.1.5 MICRO INTF

This block interfaces to microprocessor through the 8-bit bus and
the control. Through this interface the microprocessor can write and read
any location of CRAM and SRAM. Through this interface one can set-up
or remove a switching path })y corresponding‘ly changing the CRAM
contents. The write and read facihty on SRAM is provided for test purposes

thoug}l it could be used for other applications also.



. 5.3.1.6 CONTROL LOGIC

The control logic generates the timing signals required to control
the logic of the system. The input to this unit is FPIN signal and SYSCLK
clock. It generates the various control signals which are output for use in

other parts of a swi’cc}ling‘ system ( both inside and outside the device ).

5.3.2 Microprocessor Interface and Programming DSE 001 Chip

Fig 5.4 shows the microprocessor interface architecture. The
interface has been designed to work with popular 8-bit and 16-bit
' microprocessors. The data bus is 8 bits wide and the control unit uses 3
ddress lines and 1 R/W line. The chip select to the control unit enables the
command execution, while the command to be executed is selected by the

three address and one —R—/W line. The A&dress and Data latches shown are

for Luﬂering‘ the system data bus. The various command sequences that can

be used for programming the device are illustrated in Tabel T.5.1.

5.3.3 Voice Mapping Techniques

Time switch must be capal)le of transferring the contents of any
' particular inlet time-slot into any speciﬁecl outlet time-slot and be able to
per£orm this function for every other inlet/outlet time-slot pair in any

arl)itary pairing. The incoming bit stream is stored time-slot })y time-slot as

1 R .



is stored indicating what sample is to be sent in which outgoing time-slot.
The outgoing samples are therfore drawn from the speech store in the order

defined })y the control memory.

Time slot can be inter-change& Ly two techniques,

1. Sequentiaﬂy writing into the Speech RAM(SRAM) and then

ranclomly reading‘ as directed ]:)y the Control RAM(CRAM)

il Ran(lomly writing into the Speech RAM and then sequentiaﬂy

reading as directed Ly the Control RAM.



5.4 ALGORITHM

5.4.1 Initialisation of USART

a)  Make sure USART is reset properly by sending 0’s to control register
address.

b)  8251A requires a worst case recovery time of 16 clock cycles for write
recovery time so a clelay is given.

) Issue the reset command.

d)  Select the mode word for :  Baud rate factor : 2400 Kbps, even parity

Charter length = 8 , One stop bit.
¢)  Enable the transmission, receving .

5.4.2 Initialisation of PCB

a)  Select upper chip select Block of 256KB.

L)  Select zero wait state and no ready input required .
¢)  Output to U.C.S. control register.

d)  Select 1.C.S Llc;ck of 16KB.

o)  Select M.C.S block of 64Kb.

f)  Select P.C.S. from 4000H.

g) Intialize all control registers.



5.4.3 Initialisation of Timer
a)  Select Timer O control register, intilalize clocking and disable

INT.

})) Select Timer 0, Maximum count register B and Intialize Baud

rate = 2400

c) Select Timer 0, Maximum count register A and Intialize Baud

rate = 2400

d) Select Timer 1 control register and enable external cloclzing and

INT.

e) Select Timer 1, Maximum count register B and Generate a

10Hz wave form.
f) Select Timer 2, control register and disable it .

g) Select Timer 1, Maximum count register A and Generate a

].OHZ wave £orm.

5.4.4 Initialization of Interupt and DMA

a) Mask VT 100, HDLS and NMS INT
13) Set the priorty level of Timer Control register as 2.

¢) DMA O, DMAL, KB INT are masked.



h

Set INT1 control register for VT 100 Terminal, Priority

level = 0, Unma,slzed, Not Cascacled, No SENM

Select INT 2 control register for HDLC INT, Level Triggered,

Priority level = 2

Select INT 3 control register for NMS INT, Unmask it,

Priority level = 7

5.4.5 Initialisation of TS Card :

a)
b)
o)
d)

Read TS card buffer.
CHECK whether TS card 1s 1oadec1.
If not loaded ON Bay alarm.

If loaded Intializg it.

- 5.4.6 Initialisation of IF Card

Intialize current IF Card as zero

Find present Card Number.

Determine the offset address of the present card number

Read the main buffer content {rom that address

From this content check whether the card is loaded or not

1f 1oade(1, output that, the card is loaded and then go for another

card until less than 8 cards.

- 11y oaabe b i Aot 10acleC1.



5.4.7 Voice Mapping

a) Enter input time slot and sgtream number.

1)) Check for a valid input.

¢) From input time slot and stream number correspon(ling address

of CRAM in DSE 001 chip is found.

d) Enter output time slo’c and gtream num})er.

e) Check for a valid input.
£) Find the corresponding address of CRAM .
g) Swap the contents of the two address.

h)  Write the swapped contents in the corresponding address.



5.5 Flow Chart

1. Initialisation of USART

=D
l

RESET TO A
KNOWN STATE

HDELAY FOR 16T
STATES
INTERNAL
REiET

rSELECT MODE

WORD

\ENABLE TX & RXJ

l
o)




2.

Initialisation of PCB

Ca

INITIALIZE
UPPER CHIP
SELECT BLOCK
INITIALIZE
LOWER CHIP
SELECT BLOCK

- INITIALIZE
MIDDLE CHIP
SELECT BLOCK

INITIALIZE
PERIPHERAL
CHIP SELECT

BLOCK

l
s




3.

INITIALIZATION OF TIMER

C=

SELECT TIMER 0 &
INTTIALIZE CLOCK
8 DISABLE INT

SELECT TIMER 0 &
INTTIALIZE BAUD
RATE AS 2400

SELECT TIMER
& ENABLE
EXTERNAL

CLOCK INT

DISABLE TIMER a

l
s




. 4.

INITIALISATION OF INTERRUPT & DMA

( START )
MASK VT 100,
HDLC & NMS INT
SET PRIORITY
LEVEL FOR
TCR = 2

DMAO & DMA1 ARE
MASKED

l

SET THE
INTERRUPT
CONTROL
REGISTERS 1,28 3

l
o )




5. INITIALISATION OF TS CARD

START

g )
/ AD /

NO

IS CARD
LOADED

l s
L INTIALIZE IT j

=

l
“ovn |




/
Y
Initialisation of i card

C START )
:

LET IF CARD
NUM =0

:

'READ PRESENT IF
CARD NUM

ﬂ

READ MAIN BUFFER
CONTENT FROM THE
CARD ADDRESS

CARD
NOT
" INCREMENT CARD LOADED
NUMBER AND UPDATE
ITS ADDRESS
YES #
IS
— CARD
No < &
NO

(j STOP j)




7.

Voice mapping C START >

4—

PRINT
ERROR

ENTER I/P TIME SLOT
AND STREAM NO.

CALCULATE CORRESPONDING CRAM ADDRESS

—»>

PRINT
ERROR

ENTER O/P TIME
SLOT AND STREAM

CALCULATE CORRESPONDING CRAM ADDRESS

:

SWAP CONTENTS OF TWO ADDRESS

'

PRINT CHANNEL MAPPED

NO




5.6 Source Code

$MOD186

; SOFTWARE FOR INITIALISATION OF VARIOUS IC'S IN CONTROL
;CARD & INITIALISATION OF OTHER CARDS

; GLOBAL LABELS

PUBLIC DEF_SEG
PUBLIC AON BAY AIM
- PUBLIC AON-CON-ALM
PUBLIC RD IFM_BUF
PUBLIC PRT CHAR
PUBLIC PRT MES_COM
PUBLIC PRT_ STG2
PUBLIC PRT INI_IFM
PUBLIC PRT TS_FAIL
PUBLIC PRT INIT_TS
Public tog _con_lat

; EXTERNAL LABELS
EXTRN PRT-MES-INTS
EXTRN PRT-MES-INPCM
EXTRN PRT-MES-OUTTS
EXTRN PRT-MES-OUTPCM
EXTRN PRT-MES-ERR
EXTRN PRT-MES-MAPPED
EXTRN PRT-MES-ANY

© CODE1 SEGMENT PUBLIC

ASSUME CS:CODEL
JMp FAR PTR INIT1
CODE1 ENDS

CODE2 SEGMENT PUBLIC
ASSUME CS:CODEZ

INIT1: MOV DX, FFACH
MOV AX,3FC4H ;A0 SELECTS ycs BLK OF 256K BYTES
ouT DX,RAX
ADD DX, 0002H
ALY e emTReTS LCS BLK OF 16K BYTES



ADD DX,0006H ;MPCS REG

MOV AX,O0F44H ;64K MCS BLK,PCS 0_6 USED AS MEMORY
ouUT DX,AX

SUB DX, 0002H ;MMCS REG

MOV AX,2004H ;MCS BLK FROM 20000H

oUT DX,AX

SUB DX,0002H ;PHERIPHERAL CHIP SELECT BASE ADDR.

; REG
MOV AX,043CH ;PCS FROM 4000H IN MEM
OUT DX,AX
SUB AX,AX
MOV DS,AX ;DS SEG O

MOV DS:BYTE PTR [SEL CON LAT1],FFH
:STROBE 1 TO STB I/P OF MICRO-
;MONITROR CHIP
MOV DS:BYTE PTR [SEL CON LAT1],F7H
*STROBE 0 TO STB I/P OF MICRO-
;MONITROR CHIP
MOV ~ DS:BYTE PTR [SEL CON_LAT1],FFH
;STROBE 1 TO STB I/P OF MICRO-
;MONITROR CHIP

; INTIALISATION OF TIMER IN 80186

MOV DX,FF56H ;TMR 0 CONTROL REG
MOV AX,CO003H ;INT CLOCKING,INT DISABLED
OUT DX,AX

SUB D¥X,0002H ;TMR O MAX COUNT REGB
MOV AX,000DH ;BAUD RATE OF 2400
OUT DX,AX

SUB DX,0002H ;TMR 0 MAX COUNT REGA
MOV AX, 000DH

OUT DX,AX

MOV DX,FF5EH ;TMR 1 CONTROL REG
MOV AX,FO007H ;EXT CLOCKING, INT ENABLED
OUT DX,RX

SUB DX,0002H ;TMR 1 MAX COUNT REGB
MOV AX,0F62H ;10 HZ WAVWFORM

OUT DX, AX

SUB DX,0002H ;TMR 1 MAX COUNT REGA
MOV AX,0F62H ;10 HZ WAVEFORM

OUT DX,AX

MOV DX,FF66H ;TMR 2 CONTROL REG
MOV AX,4000H ;TMR 2 NOT USED

OUT DX,AX



INTIALISATION OF INTERRUPTS & DMA

MOV DX,FF28H ;INT CONT GEN MASK REG

MOV AX,009CH ;NMS (INT 3),KB(INT 0),DMA INTS
;MASKED

OUT DX,AX

MOV DX, 0FF32H ;TIMER INT CONT REG

MOV AX,0002H ;PRIO LEVEL =2

OUT DX,AX

ADD DX,0002H ;DMA O INT CONT REG

MOV AX,000FH ;DMA O INT MASKED

OUT DX,AX

ADD DX,0002H ;DMA 1 INT CONT REG

MOV AX,000FH ;DMA 1 INT MASKED

oUT DX, AX

MOV DX,0FF38H ;INTO CONT REG

MOV AX,000FH ;KB INT MASKED

oUT DX,AX

ADD DX, 0002H ;INT1 CONT REG

MOV AX, 0000H ; VT 100 TERMINAL, EDGE

; TRIG, PRIO LEVEL=0, UNMASKED, NOT CASCADEDEF, NO
; SENM

QUT DX,AX

ADD DX,0002H ;INT2 CONT REG

MOV AX,0011H ;HDLC INT, LEV TRIG,PRIO LEVEL=1
OUT DX,AX

ADD D¥X,0002H ;INT3 CONT REG

MOV AX,000FH ;NMS INT MASKED, PRIO LEVEL=7

oUT DX,AX
JMP FAR PTR INITZ
CODEZ2 ENDS

;MAIN PROGRAM

CODE3 SEGMENT PUBLIC
ASSUME CS:CODE3

INITZ2: SUB AX,AX
MOV DS,AX ;DS  SEG=0000H
MOV SS,AX ;SS SEG =0000H
MOV AX,2000H
MOV ES,AX ;ES SEG=2000H
MOV SP,1FFEH
CLD ;CLEAR DIRECTION FLAG FOR AUTO

; INCREMENT
T T s CLEAR INTERRUPT



; INITIALISATION OF CONTROL CARD LATCHES

SEL_CON_LATO
SEL_CON_LAT1
STO_CON_LATO
STO _CON_LAT1
CON_CARD BUF
SUB_RACK_POS

INIT LAT: MOV
AND
MOV
MOV
MOV
MOV
MOV

MOV

EQU 4000H
EQU 4180H
EQU 2493H
EQU 2490H
EQU 4200H
EQU 2494H

AL,DS:BYTE PTR [CON_CARD BUF]
AL, 3FH

DS:BYTE PTR [SUB_RACK POS],AL
; SUB-RACK NUMBER

AL, FFH

;NO ALM TO PS CARD, TR DISABLED
DS:BYTE PTR [SEL CON LATO],AL
DS:BYTE PTR [STO CON LATO],AL
DS:BYTE PTR [SEL _CON LAT1],FEH
;NO BAY ALM/BP

DS:BYTE PTR [STO CON LAT1],FEH

; INITIALTISATION OF USART

URT .COM_REG

URT DATA REG
INIT URT:
INIT URT1:

;WORD FOR BAUD
;STOP BIT

EQU 4302H ; COMMAND WORD
;REGISTER
EQU 4300H ; STATUS REGISTER

MOV CX,0003H ;COUNT
MOV DS:BYTE PTR [URT COM REG], O0H
;RESET USART TO KNOWN STATE
NOP ;DELAY
NOP
LOOP INIT URT1
MOV DS:BYTE PTR [URT COM REG], 40H
; INTERNAL RST
MOV DS:BYTE PTR [URT COM REG], 7EH ;MODE
RATE=2400Kbps, CHAR LEN=8,EVEN PARITY, 1

MOV DS:BYTE PTR [URT _COM REG], 15H
; TR, REC ENABLE



;INITIALISATION OF TS CARD

TS BUF_SEL EQU 42ARH

INIT TS: CALL FAR PTR PRT DEFAULT
MOV CX,0008H ;NO OF TRIES

INTT TS2: MOV AL,DS:BYTE PIX (TS BUF_SEL]
AND AL, 18H
cMp AL, 00H ;IS TS CARD LORDED?
Jz  INTT TS1 ;JMP INIT-TS1 IF LORDED
1,00P INIT TS2 ;CONTINUE CHECK
CALL FAR PTR PRT_TS_NOT
CALL FAR PTR AON_BRY_ ALM
gup INIT_IF

INIT TS1: CALL FAR PIR PRT INIT_TS
CALL FAR PTR DEF_SEG

;INITIALISATION OF IF CARDS

IND CARD BLK  EQU 2928H
INTT IF: MOV DS:BYTE PIR [IND CARD_BLK], 00H
;CURR IF CARD NO
MOV BX,OEBOH ;CARD LOADED BLK
INTT IF4: MOV CX,0008H ;NO OF TRIES
INTT IF2: CALL FAR PTR RD_TEM BUF
AND DL, OCOH
gz INIT_IFl
1,0OP INIT_IF2
MoV BYTE PTR [BX],11H  ;CRRD NOT LORDED
JMP INIT_IF3
INTT IF1: MOV BYTE PTR [BX],O00H ;CARD LOADED
CALL FAR PTR PRT_INI_TFM
CALI, FAR PTR DEF SEG
INIT IF3: INC BX ;NEXT CARD
INC DS:BYTE PTR [IND_CARD BLKI
oMp DS:BYTE PTR [IND CARD_BLK], 08H
. ANOTHER CARD? INTIALIZE IT
JB  INIT_IF4

DEF_SEG PROC FAR

PUSH AX
SUB AX,AX
MOV DS, AX

NAAIT ca AX



MOV ES,AX
POP AX
RET

DEF SEG ENDP

;SUB ROUTINE TO TOGGLE STROBE INPUT TO MICROMONITOR
;CHIP

tog con lat proc far

PUSH AX

CALL FAR PTR DEF SEG

MOV ~ AL,DS:BYTE PTR [STO CON LAT1]

OR AL, O8H

MOV DS:BYTE PTR [SEL CON LAT1]},AL ; STROBE 1 TO
;STB I/P OF MICRO-MONITROR CHIP

AND AL, OF7H

MOV DS:BYTE PTR [SEL CON LAT1],AL ; STROBE 0 TO
;STB I/P OF MICRO-MONITROR CHIP

OR AL, 08H

MOV DS:BYTE PTR [SEL CON _LAT1],AL ; STROBE 1 TO
;STB I/P OF MICRO-MONITROR CHIP

POP AX

RET

tog con lat endp

;SUB ROUTINE TO ON CONTROL CARD ALARM

AON CON ALM PROC FAR
PUSH AX
MOV ~ AL,DS:BYTE PTR [STO CON LATO]
AND AL, OFDH
MOV ~ DS:BYTE PTR [SEL CON LATO],AL
MOV ~ DS:BYTE PTR [STO CON LATO],AL
POP  AX
RET

AON CON ALM ENDP

;SUB ROUTINE TO ON BAY ALARM

AON BAY ALM PROC FAR
PUSH AX
MOV AL, DS:BYTE' PTR [STO CON LAT1]
OR AL,01H
MOV DS:BYTE PTR [SEL CON LAT1],AL
MOV DS:BYTE PTR [STO CON LAT1],AL



RET

AON BAY ALM ENDP

;SUB ROUTINES FOR MESSAGES

MES INIT TS
MES TS NOT

MES_TS_FATIL
MES_INI IFM
MES DEFAULT

MES-INTS

" MES-INPCM

MES-0OUTTS
MES-OUTPCM
MES-ERR
MES-MAPPED
MES-ANY

DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

"INITIALISING TS CARD...S'

'TS CARD NOT LOADED!S'

'TS CARD FAIL OR NOT LOADED!S'
"INITIALISING IF CARD :S'

' §' ,0AH
'"DIGITAL CROSS CONNECTS ' , OAH
's ',0AH

‘ENTER INPUT TIMESLOT NUMBER $’
‘ENTER INPUT STREAM NUMBER 3’
‘ENTER OUTPUT TIMESLOT NUMBER S’
‘ENTER OUTPUT STREAM NUMBER $’
VINVALID INPUT S

‘VOICE MAPPING DONE $7

‘ANY MORE MAPPING PRESS1 ELSE 0$’

;SUB ROUTINES FOR PRINTING ON VT 100 TERMINAL

PRT CHAR PROC FAR
FAR PTR DEF SEG
far ptr tog con lat

CALL
call
PUSH
PUSH
MOV
MOV
PRT CHAR2: MOV
AND
CMP
JZ
LOOP
CALL
CALL
JMP
PRT_CHARI: MOV
PRT CHAR3: POP
POP
RET
PRT_CHAR ENDP

AX
CX

CX,FFFFH ;NO OF TRIES

AH,AL

AL,DS:BYTE PTR [URT COM REG]

AL, O5H
AL, O5H

;TR BUF FREE?

PRT CHAR1
PRT_ CHAR2

FAR PTR AON CON ALM

FAR PTR AON_BAY ALM

PRT CHAR3

DS:BYTE PTR [URT DATA REG],AH

CX
AX



;SUB ROUTINES TO PRINT STRING FROM [BX] ON VT 100
; TERMINAL

PRT STG PROC FAR
PUSH AX
PUSH BX
PUSH CX
MOV CX,FFFFH ;NO OF TRIES
PRT_STGl MOV AL,DS:BYTE PTR [URT COM REG]
AND AL, O5H
CMP AL, 05H ;TR BUF FREE?
JZ  PRT_STGIA
LOOP PRT STG1
CALL FAR PTR AON CON ALM
CALL FAR PTR AON BAY ALM
JMP PRT_ STG3
PRT_STGlA:MOV AL, OAH ;OAH IS FOR NEW LINE
CALL FAR PTR PRT CHAR
PRT_STG2: MOV CX,O0FFFFH ;NO OF TRIES
PRT_STG2B:MOV AL,DS:BYTE PTR [URT COM REG]
' AND AL, O5H
CMP AL, 05H ; TR BUF FREE?
JZ  PRT_STG2A
LOOP PRT STG2B
CALL FAR PTR AON CON ALM
CALL FAR PTR AON BAY ALM
JMP PRT_STG3
PRT_STG2A:MOV AL,CS:BYTE PTR [BX] ;OFFSET OF MESSAGE
CMP AL, 24H ;END OF MESSAGE?
JZ  PRT_STG3
CALL FAR PTR PRT CHAR
INC BX ;NEXT CHR
JMP PRT STG2
PRT STG3: POP CX

POP BX
POP AX
RET

PRT_STG ENDP

PRT INIT TS PROC FAR
' PUSH BX
MOV~ BX,OFFSET MES_INTT TS
PRT_MES_COM:CALL FAR PTR PRT_STG
POP  BX
RET
PRT INIT TS ENDP



PUSH BX
MOV ~ BX,OFFSET MES TS NOT
JMP  PRT MES COM
PRT TS NOT ENDP

PRT INI IFM PROC FAR
PUSH AX
PUSH BX
MOV BX,OFFSET MES INI TFM
CALL FAR PTR PRT STG
MOV AL,DS:BYTE PTR [IND CARD BLK]
OR AL, 30H
CALL FAR PTR PRT CHAR

POP BX
POP AX
RET

PRT INI IFM ENDP

PRT DEFAULT PROC FAR
PUSH BX
MOV BX,OFFSET MES DEFAULT
JMP PRT MES COM

PRT DEFAULT ENDP

PRT TS FAIL PROC FAR
PUSH BX
MOV ~ BX,OFFSET MES TS FAIL
JMP  PRT MES COM
PRT TS FAIL ENDP

PRT MES INTS PROC  FAR
PUSH BX
MOV ~ BX,OFFSET MES_INTS
JMP  PRT MES_COM

PRT MES_INTS ENDP

PRT MES INPCM PROC FAR
PUSH BX
MOV ~ BX,OFFSET MES_ INPCM
JMP  PRT_MES_COM

PRT MES INPCM ENDP

PRT MES OUTTS PROC FAR
PUSH BX
MOV ~ BX,OFFSET MES_OUTTS
JMP  PRT_MES COM

PRT MES_OUTTS ENDP

PRT MES ANY PROC FAR



MOV ~ BX,OFFSET MES ANY
JMP  PRT_MES COM
PRT MES_ANY ENDP
PRT_MES OUTPCM PROC FAR
PUSH BX
MOV~ BX,OFFSET MES_ OUTPCM
JMP  PRT_MES COM
PRT MES_OUTPCM ENDP
PRT MES ERR PROC FAR
PUSH BX
MOV ~ BX,OFFSET MES ERR
JMP  PRT MES COM
PRT_MES_ERR ENDP
PRT MES MAPPED PROC FAR
PUSH BX
MOV ~ BX,OFFSET MES MAPPED
JMP  PRT MES COM
PRT_MES MAPPED ENDP

;NEXT SUB ROUTINE RETURNS IN DL IF CARD M MAIN BUFFER

; CONTENT

RD IFM BUF PROC FAR
PUSH AX
PUSH BX
PUSH SI

MOV SI,80COH ;IF CARD 0 BUF O ADD IN
MOV AX,0100H ;OFFFSET BY 256 BYTES PER CARD

; CARD NUMBER

MOV DL,ES:BYTE PTR [SI] ;MAIN BUFFER CONTENT

SUB BX,BX
MOV BL,DS:BYTE PTR [2928H]
MUL BX

ADD SI,AX

POP SI

POP BX

POP AX

RET

RD TFM BUF ENDP

CODE3 ENDS
END



; PROGRAM

FOR VOICE MAPPING (SINGLE)

CODE 4 SEGMENT EXTRN

ASSUME CS: CODE4

VOICE MAP CALL FAR PTR PRT-MES INTS
IN AL,3EH ; ENTER INPUT TIME SLOT NUMBER
MOV  DH, AL
CMP AL,31; CHECK FOR VALID I/P
JBE GO_ON
CALL FAR PTR PRT MES ERR
JMP VOICE-MAP

GO_ON CALL FAR PTR PRT-MES-INPCM
IN AL,3EH ; ENTER INPUT STREAM NUMBER
MOV DL, AL
CMP AL,15; CHECK FOR VALID I/P
JBE CONT-PRO
CALL FAR PTR PRT-MES-ERR
JMP VOICE-MAP

CONT-PRO :
MOV AL, DH
CBW ; CONVERT BYTE TO WORD
ROL AX, 04
MOV  BX,AX
MOV AL, DL
CBW
ADD AX,BX; ADDRESS OF CRAM IN DSE 001 CHIP
PUSH AX

VOICE_MAP1 CALL FAR PTR PRT-MES OUTTS
IN AL,3EH ; ENTER OUTPUT TIME SLOT NUMBER
MOV DH, AL
CMP AL,31; CHECK FOR VALID I/P
JBE GO ON1
CALL FAR PTR PRT MES ERR
JMP VOICE-MAP1

GO_ON1 CALL FAR PTR PRT-MES-OUTPCM
IN AL,3EH ; ENTER OUTPUT STREAM NUMBER
MOV DL, AL
CMP AL,15; CHECK FOR VALID I/P
JBE CONT-PRO1
CALL FAR PTR PRT-MES-ERR
JMP VOICE-MAP1

- CONT-PRO1

MOV AL, DH
CBW ; CONVERT BYTE TO WORD
ROL AX, 04
MOV BX, AX
MOV AL, DL



ADD AX,BX; ADDRESS OF CRAM IN DSE 001 CHIP

PUSH AX
POP AX
POP BX

; WRITING INTO CONTROL RAM OF DSE00l CHIP
MOV BP,0000H; LOAD ADDRESS LOWER
MOV [BP], AL
MOV BP, 0002H; LOAD ADDRESS HIGHER
MOV [BP],AH
MOV BP, 0004H; LOAD DATA LOWER
MOV [BP], BL
MOV BP,0007H ; LOAD DATA HIGHER
MOV [BP], BH
MOV BP,0008H; WRITE INTO CRAM
MOV BP,0000H; LOAD ADDRESS LOWER
MOV [BP},BL
MOV BP, 0002H; LOAD ADDRESS HIGHER
MOV  [BP],BH
MOV BP, 0004H; LOAD DATA LOWER
MOV [BP],AL
MOV BP,0007H; LOAD DATA HIGHER
MOV [BP],AH
MOV BP, 0008H;WRITE INTO CRAM
CALL FAR PTR PRT-MES-MAPPED
CALL FAR PTR PRT-MES - ANY
IN AL, 3EH; ANY MORE MAPPINGS?

JNZ VOICE MAP

. CODE4 ENDS

END



PCMOUT(0)

PCMIN(0)
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| IBUF % SRAM > OBUF ||
_ ) >
PCMIN(15) ﬁ PCMOUT(15)
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—
MICRO > >
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IDLE/
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CONTROL T INTERNAL CONTROL SIGNALS T
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Fig 5.1 DSE 001 CHIP ORGANISATION




Address
000

001

002

OOF

1FO

1FF

TS0, PCM 0

TSO, PCM 1

TS0, PCM 2

~ TS0, PCM 15

TS1,PCM O

TS1, PCM 1

TS31, PCMO

TS31, PCM 15

l¢—— 8 Bits ————»

Fig. 5.2 SRAM MAP

512 Words




A(lclress

000 TS0, PCM 0
001 TSO, PCM 1
002 TS0, PCM 2
00F TS0, PCM 15

TS1, PCM 0

§ TS1, PCM 1
1F0 TS31, PCMO
1FF TS31, PCM 15

|

Address to CRAM
refers to outgoing

PCm Link + Time
slot

10 Bits —¥]

Indicate Idle/B usy
Status

512 Words




EXTERNAL

INTERNAL

A\

ADDRESS
LATCH
LOWER

DATA BUS

ADDRESS
LATCH
HIGHER

DATA
LATCH
LOWER

< ™~

~ DATA BUS

Vo —

DATA
LATCH
HIGHER

READ/WRITE —— W

CHIP SELECT

CONTROL

——————— P Read CRAM
P Write CRAM
% Read SRAM
P Wiite SRAM

Fig 5.4 MICROPROCESSOR INTERFACE




No. | R’'W A3 A2 Al DESCRIPTION
1 1 0o 0 0  Load ADDRESS LOWER
2 1 0 0 1 Load ADDRESS HIGHER
3 1 0 1 0  Load DATA LOWER
4 1 0 1 1 Load DATA HIGHER
5 | 1 1 0 0  Write CRAM
6 1 1 0 1 Read from CRAM to Data register
7 1 1 1 0  Write SRAM
8 1 1 1 1 Read from SRAM into Data register
9 0 0 1 0  Read DATA LOWER
10 0 0 1 1 Read DATA HIGHER

TABEL 5.1 MICROPROCESSOR COMMANDS




CONCLUSION

The control card was interfaced with various other cards in Dig‘ital

Cross - Connect Switch and has been tested successfuﬂy.

The product is under production and it will be installed in public
telecom networks for places with small number of subscribers shor’cly. It has

been planne(l to installed in Railways and Defence , later.
Itis of low cost, portal)le and moreover fuﬂy controlled l)y software.

At present, we have aclapted single channel mapping method. In

future we will go for multiple channel mapping methods in which

. NX 64K})ps channels can be dropped at a time.

In the present DCS systems, the stantﬂ)y cards are in cold standky
mode, i.e. , whenever a fault occurs we have to manuaﬂy replace the cards. In
future, we can moclify the clesign apt for the hot stan(lky mode,
i.e., whenever a fault occurs in the carcl, the stancl—by—carc[ is chosen

automatic aﬂy.
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he Intel 80186 is a highly integrated 16-bit microprocessor. The 80186 efiectively combines 15-20 of the
1ost common 8086 system components onto one. The 80186 provides two times greater throughput than the
tandard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new

istruction types to the existing set.
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Table 1. 80186 Pin Description

Symbol

Pin No.

Type

Name and Fiunction

Vee Vee

9, 43

!

System Power: + 5 volt power supply.

Vss. Vss

26, 60

System Ground.

RESET

57

]

Reset Output indicates that the 80186 CPU is being reset, ar.. ' can
be used as a system reset. It is active HIGH, synchronized w." ; the

processor clock, and lasts an integer number of clock periods
corresponding to the length of the RES signal.

X1, X2

59, 58

Crystal Inputs, X1 and X2, provide an external connection for a
fundamental mode parallel resonant crystal for the internal crystal
oscillator. X1 can interface to an external clock instead of a crystal.
In this case, minimize the capacitance on X2 or drive X2 with
complemented X1. The input or oscillator frequency is internally
divided by two to generate the clock signal (CLKOUT).

CLKOUT

|

56

Clock Output provides the system with a 50% duty cycle waveform,
All device pin timings are specified relative to CLKOUT. CLKOUT
has sufficient MOS drive capabilities for the 8087 Numeric
Processor Extepsion.

Yy
m
72

24

System Reset causes the 80186 to immediately terminate its
present activity, clear the internal logic, and enter a dormant state.
This signal may be asynchronous to the 80186 clock. The 801 86
begins fetching instructions approximately 7 clock cycles after RES
is returned HIGH. RES is required to be LOW for greater than 4
clock cycles and is internally synchronized. For proper initiatization,
the LOW-to-HIGH transition of RES must occur no sooner than 50
mictoseconds after power up. This input is provided with a Schmitt-
trigger to facilitate power-on BES generation via an RC network.
When RES occurs, the 80186 will drive the status lines to an
inactive level for one clock, and then tri-state them.

-
m
(%3]
=

47

TEST is examined by the WAIT instruction. If the TEST inputis
HIGH when “WAIT"" execution begins, instruction execution will
suspend. TEST will be resampled until it goes LOW, at which time
execution will resume. If interrupts are enabled while the 80186 is
waiting for TEST, interrupts will be serviced. This input is
synchronized internally. |

TMRIN DO,
TMRIN1

20
21

Timer Inputs are used either as clock or control signals, depending
upon the programmed timer mode. These inputs are active HIGH
(or LOW-to-HIGH transitions are counted) and internally
synchronized.

TMROUT 0,
TMR OUT 1

22
23

Timer outputs are used to provide single pulse or continous
waveform generation, depending upon the timer mode selectad.

DRQoO
DRQ1

18
19

DMA Request is driven HIGH by an external device when it desires
that a DMA channel (Channe! 0 or 1) perform a transfer. These
signals are active HIGH, level-triggered, and internally
synchronized.

NM!

46

Non-Maskable Interrupt is an edge-triggered input which causes a
type 2 interrupt. NM! is not maskable internally. A transition from a
LOW to HIGH initiates the interrupt at the next instruction boundary.
NMI is latched internally. An NM! duration of one clock or more will
guarantee service. This input is internally synchronized.

INTO, INT1_
INT2/INTAOD
INT3/INTA1

45, 44
41

170
170

Maskable Interrupt Requests can be requested by strobing one of
these pins. When configured as inputs, these pins are active HIGH.
Interrupt Requests are synchronized internally. INT2 and INT3 may
be configured via software to provide active-LOW interrupt-
acknowledge output signals. All interrupt inputs may be configured
via software to be either edge- or level-triggered. To ensure
recognition, all interrupt requests must remain active until the
interrupt is acknowledged. When iRMX mode is selected, the |
function of these pins changes (see interrupt Controller section of
this data sheet).
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Tabie 1. 80186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

19/88,
18/85,
'7/84,
6/S3

O0OO0O0

Address Bus Outputs (16-19) and Bus Cycle Status (3~6) reflect the
four most significant address bits during Ty. These signals are active
HIGH. During Tp, T3, Tw, and T, status information is available on

these lines as enceded balow:
‘ Low High

S6 Processor Cycle DMA Cycle

$3, 84, and S5 are defined as LOW during To-Ta.

J15-ADO -

110

Address/Data Bus (0-15) signals constitute the time muitiplexed
memory’or /O address (T4) and data (T2, T3, Tw. and T4) bus. The

. bus is active HIGH. Ag is analogous to BHE for the lower byte of the

data bus, pins Dy through Dg. It is LOW during T4 when a byte is to
be transferred onto the lower portion of the bus in memory or {/0
operations.

E/s7

64

During T4 the Bus High Enable signal should be used to determine it
data is to be enabied onto the most significant half of the data bus;
pins D15~Dg. BHE is LOW during T for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the higher
half of the bus. The S7 status information is available during To, T3,
and T4. S7 is logically equivalent to BHE. The signal is active LOW,

-and is tristated OFF during bus HOLD.

BHE and A0 Encodings

BHE Value AQ Value Function

Va

0 0 Word Transfer

0 ) 1 Byte Transfer on upper half of
data bus (D15-D8)

1 - 0 Byte Transfer on lower half of
data bus (D7-Dg)

1 1 Reserved

z/Qs0

61

Address Latch Enable/Queue Status 0 is provided by the 80186 1o
latch the address into the 8282/8283 address latches. ALE is active
HIGH. Addresses are guaranteed to be valid on the trailing edge of
ALE. The ALE rising edge is generated off the rising edge of the
CLKOUT immediately preceding T+ of the associated bus cycle,
effectively one-half clock cycle earlier than in the standard 8086. The
trailing edge is generated off the CLKOUT rising edge in T4 as in the
8086. Note that ALE is never floated.

/Q81

63

Write Strobe/Queue Status 1 indicates that the data on the bus is to
be written into a memory or an 1/0 device. WR is active for Ty, Ta,
and Ty of any write cycle. It is active LOW, and floats during

{ “HOLD.” Itis driven HIGH for one clock during Reset, and then

floated. When the 80186 is in queue status mode, the ALE/QS0 and
WR/QS1 pins provide information about processor/instruction
queue interaction.

QSt QS0 Queue Operation

0 0 No queue operation

0] 1 First opcode byte fetched from
the queue

1 1 Subsequent byte fetched from
the queue

1 0 Empty the quaue

¥T o382 81 60 59 5 5,5—6-;5-:.;;{,
NS
— 21045119
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Table 1. 80186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

OLD (input)
LDA (output)

50
51

|
o)

HOLD indicates that another bus master is requesting the local bus.
The HOLD input is active HIGH. HOLD may be asynchronous with
respect to the 80186 clock. The 80186 will issue a HLDA {HIGH) in
response to a HOLD request at the end of T4 or T4. Simultaneous
with the issuance of HLDA, the 80186 wiil float the local bus and
control lines. After HOLD is detected as being LOW, the 80186 will

‘lower HLDA. When the 80186 needs to run another bus cycle, it will

again drive the local bus and control lines.

34

| Upper Memory Chip Select is an active LOW output whenever a
.memory reference is made to the defined upper portion {(1K-256K

block) of memory. This line is not floated during bus HOLD. The
address range activating UCS is software programmable.

()l
3}

33

Lower Memory Chip Select is active LOW whenever a memory
reference is made to the defined lower portion (1K-256K) of
memory. This line is not floated during bus HOLD. The address
range activating LCS is software programmable.

38, 37,36, 35

Mid-Range Memory Chip Select signals are active LOW when a

‘memory reference is made to the defined mid-range portion of

memory (8K-512K). These lines are not floated during bus HOLD.

‘The address ranges activating MCS0-3 are software

programmable.

- 25

27,28,29,30| . O

Peripheral Chip Select signals 0-4 are active LOW when a
reference is made to the defined peripheral area (64K byte 1/0
space). These lines are not floated during bus HOLD. The address
ranges activating PCS0-4 are software programmable.

31

Peripheral Chip Select 5 or Latched. A1 may be programmed to
provide a sixth peripheral chip sclect, or to provide an internally
latched A1 signal. The address range activating PC55 is software
programmable. When programmed to provide latched. A1, rather
than PCSS, this pin will retain the previously latched vaiue of A1
during a bus HOLD. A1 is active HIGH.

|

O
o)
o
~
>
N

82

Peripheral Chip Select 6 or Latched A2 may be programmed to
provide a seventh peripheral chip select, or to provide an internally
latched A2 signal. The address range activating PCS6 is software
programmable. When programmed to provide latched A2, rather
than-PCS8, this pin will retain the previously latched value of A2
during a bus HOLD. A2 is active HIGH.

40

| Data Transmit/Receive controis the direction of data flow through

the external 8286/8287 data bus transceiver. When LOW, data is
transferred to the 80186. When HIGH the 80186 places write data
on the data bus.

39

Data Enable is provided as an 8286/8287 data bus transceiver
output enable. DEN is active LOW during each memory and 1/0
access. DEN is HIGH whenever DT/R changes state.
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Table 1. 80186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function )

g
<
O
[
<
O

62

.0

s

‘Read Strobe indicates that the 80186 is performing a memory or 1/0
1 read cycle. RD is active LOW for Ty, T3, and Ty of any read cycle. it

is guaranteed not to go LOW in T, until after the Address Bus is
floated. RD is active LOW, and floats during “HOLD". RD is driven
HIGH for one clock during Reset, and then the output driver is _
floated. A weak internal pull-up mechanism of the RD line holds it "
HIGH when the line is not driven. During RESET the pin is sampled

to determine whether the 80186 should provide ALE, WR and RD, or |
‘1 if the Queue-Status should be provided. RD should be connected to

GND to provide Queue-Status data.

ARDY

55

' " | the falling edge of ARDY must be synchronized to the 80186 clock, If

"1 (ARDY) or synchronous ready (SRDY) must be active 1o terminate a

Asynchronous Ready informs the 80186 that the addressed memory
space or 1/0 device will complete a data transfer. The ARDY input
pin will accept an asynchronous input, and is active HIGH. Only the
rising edge is internally synchronized by the 80186. This means that

connected to Vcc, no WAIT states are inserted. Asynchronous ready

bus cycle. If unused, this line should be tied LOW.

SRDY

49

.| Synchronous Ready must be synchronized externally tc the 80186.
‘The use of SRDY provides a relaxed system-timing specification on
‘the Ready input. This is accomplished by eliminating the one-hait
‘clock cycle which is required for internally resolving the signal level
-| when using the ARDY input. This line is active HIGH. if this line is

connected 1o Ve, no WAIT states are inserted. Asynchronous ready
{ARDY) or synchronous ready (SRDY) must be active before a bus
cycle is terminated. If unused, this line should be tied LOW.

48

.|. the beginning of the first data cycle associated with the instruction
. | tollowing the LOCK prefix. It remains active until the completion of ~
| the instruction following the LOCK prefix. No prefetches will occur

instruction, atways make sure there are 6 bytes of code between the

LOCK output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK
signal is requested by the LOCK prefix instruction and is activated at

while LOCK is asserted. When executing more than one LOCK

end of the first LOCK instruction and the start of the second LOCK
instruction. LOCK is active LOW, is driver. H1GH tor one clock during
RESET, and then floated.

4
4
<l

52-54

‘Bus cycle status S0-S2 are encoded to provide bus-transaction
information:

80186 Bus Cycle Status Information

o

§1 Bus Cycle Initiated |

St ]
Interrupt Acknowledge
Read /0
Write 1/0
Halt
Instruction Fetch
Read Data from Memory
Write Data to Memory

i
wmaanococooly

e OO0 2400
A O RO O 20

Passive (no bus cycle)

I The status pins float during *HOLD."”

§2 may be used as a logical M/IO indicator, and S1asaDT/R
indicator.

The status lines are driven HIGH for one clock during Reset, and >f '

then floated until a bus cycle begins.

—

b
£
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Symbol

Pin No.

Type:

Table 1. 80186 Pin Description (Continued)

Name and Function

RD/QSMD

62

‘HIGHfor one clock during Reset, and then the output driver is

Réad Strobe indicates that the B0186 is performing a memory or 1/0
read cycle. RD is active LOW for T, T3, and Tw of any read cycle. it

is guaranteed not to go LOW in To until after the Address Bus is
tloated. BD is active LOW, and fioats during *HOLD". RD is driven

floated. A weak internal pull-up mechanism of the RD line holds it
HIGH when the line is not driven. During RESET the pin is sampled
to determine whether the 80186 should provide ALE, WR and Ru,or |
if the Queue-Status should be provided. RD should be connected to
GND to provide Queue-Status data.

ARDY

55

. space or 1/0 device will complete a data transfer. The ARDY input

¥ "| the falling edge of ARDY must be synchronized to the 80186 clock, If

2 (ARDY) or synchronous ready-(SRDY) must be active to terminate a

Asynchronous Ready informs the 80186 that the addressed memory

pin will accept an asynchronous input, and is active HIGH. Only the
rising edge is internally synchronized by the 80186. This means that

connected to Ve, no WAIT states are inserted. Asynchronous ready

bus.cycle. If unused, this line should be tied LOW.

SRBY

49

. Synchronous Ready must be synchronized externally to the 80186.
1 "The use of SRDY provides a relaxed system-timing specification on .

-1 ‘clock cycle which is required for internally resolving the signal level
-whenusing the ARDY input. This line is active HIGH. If this line is

the Ready input. This is accomplished by eliminating the one-halt

connected to Ve, no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active before a bus
cycle is terminated. If unused, this line should be tied LOW.

48

| control of the system bus while LOCK is active LOW. The LOCK

| signal is requested by the LOCK prefix instruction and is activated at
.| the beginning of the first data cycle associated with the instruction

: | following the LOCK prefix. It remains active until the completion of -
"_ | the instruction following the LOCK prefix. No prefetches will occur

LOCK output indicates that other system bus masters are not to gain

while LOCK is asserted. When executing more than one LOCK
instruction, always make sure there are 6 bytes of cods between the
end of the first LOCK Instruction and tho start of tho socond LOCK
instruction. LOCK is active LOW, is driver, 4IGH for one clock during
RESET, and then floated. .

52-54

‘Bus cyclo status S0-52 are encoded to provide bus-transaction

information:

80186 Bus Cycle Status Information

|

[52]
(=]

St Bus Cycle Initiated

Interrupt Acknowledge
Read /0O

Write 170

Halt

Instruction Fetch

Read Data from Memory
Write Data to Memory
Passive (no bus cycle)

wawsnoooold

NN o Wo JET SR S o N o)
A OO0 2020

| The status pins fioat during “HOLD.”

S2 may be used as a logical M/10 indicator, andSiasaDT/R .7} ]
indicator. ’
The status lines are driven HIGH for one clock during Reset, and
then floated until a bus cycie begins.




80186
— . GENERAL PURPUSE MOVS Move byte or word string
L 1 Move byte or word INS Input bytes or word string
¢ \
- "—/j/‘ : Push word onto stack ouTS Output bytes or word string
. Pop word off stack CMPS Compare byte or word string
iate Push ail registers on stack SoAS Soan byte o word sting
PR Pop ali registers from stack oDS Coad byte o word sting
. - ; y
E— i Exchango byte of word STOS Store byte or word strin
/b i Translate byte - - ore byte o 9
— INPUT/OUTPUT REP Repeat
LA input byte or word REPE/REPZ Repeat while equal/zero
o Outputbyte orword REPNE/REPNZ " | Repeat while not equal/not zero
— ADDRESS OBJECT LOGICALS -
| tes Load effective address 28; ‘20; t;y;te or worczi
s : ; - “And" byte or wor
:ﬁ; x, Load pm.nter using Zz OR “Inclusive or" byte or word
e - Load pointer using XOR “Exclusive or” byte or word
Uy FLAG TRANSFER TEST “Test" byte or word
‘:’;’ ull Load AH register from flags SHIFTS
L EHE Store AH register in flags SHL/SAL ‘| Shift logical/arithmetic ieft byte or word
ORI AW ad
- PusHE Push flags onto stack _ SHR Shift logical right byte or word
PPE ‘ Pop fiags off stack. - - SAR Shift arithmetic right byte or word
. ADDITION ' ROTATES
ROD Add byte or word ROL Rotate left byte or word
ADG N Add byte or word with casry ROR . Rotats right byte or word
i+ Increment byte or word by 1 RCL Rotate through carry left byte or word
/ : ight byt yord
ALA ASCH adjust for addition RCR Rfﬁi!g:;i!;:g\;;g LA
OAA Decimal adjust for addition e S : 2 - M
et carry flag
SUBTRACTION
CLC Clear carry fla
sus Subtract byte or word - - e - le:;m cgany —
| ___SBB | Subtract byte or word with borrow S';D - ; — 29
et direction fla
___P_E_Q_____' Decrement byte or word by 1 oD o ‘d' i " '?
NEG Megate byte or word ~ ear direction 789
cMp Coi‘npareytt; e orword ST! Set interrupt enable flag
cul Clear interrupt enable fia
AAS ASCH adjust for subtraction . - EXTEFENAL‘SYNDCHRON‘Z '\ngCN
DAS Decimal adjust for subtraction - vE; A E— — t
alt until interrupt or rese
: MULTIPLICATION
MUL - - WAIT Wait for TEST pin active i
Muliply byt or word unsigned ESC Escape to extansion processor
IMUL. integer muitiply byte or word - £ :
AAM £ , Py B , LOCK Lock bus during next instruction
» ASCH adjust for multiply O OPERATION ]
S . DIVISION
. NOP No operation
__._.@V____ - Divide byte or word unsigned JH!GH LF:EVEL S STRUGTIONS
DIV Integer divide byte or word )
A/;'[) chg;;n adiust fory:j'vision ENTER Format stack for procedure entry
e Dy 14 |
cnw B Convort : 71o 1o word LEAVE Restore stack for procedure axit
n » i b e e %
. R BOUNLD Hotocts val 1eid bad rango
CWD Convert word to doubleword U Doocts values outsido proecribe mn»

e,

Figure 4. 80186 Instruction Set
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CONDITIONAL TRANSFERS . JO ‘ Jump if overflow
JA/JNBE Jump if above/not below nor equal JP/JPE Jump if parity/parity even -
JAE/JNB Jump if above or equal/not below JS ' Jump if sign -
JB/UNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS
JBE/JNA Jump if below or equal/not above CALL Call procedure
JC ) Jumpifcarry o RET Return from procedure
JE/JZ Jump if equal/zero . JMP Jump _
JG/INLE Jump if greater/not less nor equal ] ' ITERATION CONTROLS » *
JGE/INL Jump if greater or equal/not less LOOP Loop
JL/UNGE Jump if less/not greater nor equal LOOPE/LOOPZ Loop if equal/zero
JLE/UNG Jump if less or equal/not greater LOOPNE/LOOPNZ Loop if not equal/not zero ) ;
JNC Jump if not carry o JCXZ : Jump if register CX = 0 ‘
JNE/UNZ Jump if not equal/not zero - INTERRUPTS
JNO Jump if not overflow _— ‘ INT Interrupt
JNP/UPO ' Jump if not parity/ parity odd INTO ’ Interrupt if overflow
JNS Ny Jump if not sign . IRET Interrupt return

Figure 4. 80185 Instruction Sot (Ceontinued)
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access operands that ¢o not reside in one of the — ;
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oy | Segment |, it Segment PROCESS : 2
ference | Register Selection Rule A X
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© | POPS; any memory BLOCK 2
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arnal Extra (ES) | All string instruction 210451-6
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bal) it:gegl fegister as an Figure 6. Segmented Memory Helps
al Data | Data (DS) | All other data references. |’ Structure Software




Addressing Modes

The 80186 provides eight Categories of addressing

modes to Specify operands, Two addressing modes

are provided for instructiong that operate on register
or immediate Ooperands: o

® Registor Operand Mods: The operand is located
in one of the g- or 18-bit genera] registers.

® /mmediate Operand Mods: The Operand is jn.

cluded in the instruction,

Six modes are provided to specify the location of an
Operand in g memory segment. A memory operang
address consists. of two 16-bit Components; a seg-
Mment base and an offset. The segment basg ig sup-
plied by a 16-bit segment i

chosen by the addressing mode or xplicitly chosen
by a Segment override prefix. The otfset, also called
the effective address, js Calculated by Summing any

Combination of thg following three address glg-
ments:

® the displacement (an 8- or 16-bit immediate value
contained in the instruction);

® the fase {contents of either the BX or BP base
registers); ang

* the /ndex (contents of either the g or DI index
registers),

Combinations of these three address elements deo-
fine the six memory addressing modss, described

°® Direct Mods: The operand’s offset ig contained in

the instruction as an 8- or 16-bjt displacement el-
ement.

* Register Indirect Moge: The operand’s offset ig in
one of the registers SI, DI, BX, or BP.

* Based Moge: The Operand's oftget is the sum of
an 8- or 18.-pit displacement and the contents of
a base register (83X or BP),

* Indexeg Moge: The oporand’s offset i3 the sum

of an 8- or 16-bit displacement and the contents
of an index registor (Sl or D). ‘

erand’s offset is the Sum of a base register's con.
tents, an index register's contents, and an g or
16-bit displacement.

e

Data Types

The 8018g
types:

° Integer: A signed binary numeric valua Containeg
in an 8-bit byte or 16-bit word, All Operationg
assume a 2'g complerment representation,
Signed 32.- and 64-bit integers are Supported .

i 0 Numeric Data Processor.

* Ordinal: An unsignad binary numeric valye con-
tained in an 8-bit byte or 3 16-bit worg.

* Pointer: A 1g. o 32-bit quantity, composed of a
16-bit offset Component or a 16-bit Segment bage

Component in addition to g 16-bit offset compo.
nent,

° String: A contigueus Sequence of bytes or words,
A string May contain from 1 10 64K bytes.

* ASC/: A byte répresentation of alphanumeric and
control characterg using the ASC)| standard of
character representation,

* 8CD: A byte (unpacked) representation of the
decimal digits 0-3.

® Packed BCp: A byte (packed) representation of
two decimal digits (0~8). One digit is stored in
« each nibble (4-bits) of the byte.

° Floating Point- A signed 32-, 64-, or 80-bit real

directly supports the following data

In general, individuaj data elements must fit within
defined Segment limits, Figure 7 graphically repre-
sents the datg types supported by the 80186,

1/0 Space

The 110 Space consists of 64K 8-hit or 32K 16-bit
ports, Separate instructiong address the 1/0 space
with either an 8-bit port address, Specitied in the in-
struction, or a 16-bit port address in thg DX rogister.
8-bit port addressos arg Z0ro extonded such that

15=-Ag are LOW. 170 port addresses O00F8(H)
through O00FF(H) are reserved,

interrupts

An interrupt transfers exscution to g new program
location. The old program address (CS:1P) and ma-
chine statg {Status Word) are Saved on the stack to
allow 'ésumption of the interrupted Program. Inter-
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80186

GENERAL PURPOSE MOVS Move byle or word string
? Move byte or word INS input bytes or word string
: Push word onto stack ouTs Output bytes or word string
Pop word off stack CMPS Compare byte or word string
Push all registers on stack SCAS Soan byte or word string
Pop ali registers from stack
: pE_ o8 LODS Load byte or word string
. Exchango byto or word STOS Store byte or word strin
Translate byte - 2z 2
L INPUT/OUTPUT REP Ropeat
il Input byte or word REPE/REPZ Repeat while equal/zero
21 Output byte or word REPNE/REPNZ | Repeat while not equal/not zero
L ADDRESS OBJECT LOGICALS
LE£ ! Load effective address NOT Not” byte or word
£ {*  Load pointer using DS AND “And” byte or word
LES 1 Load P . ‘ g b OR “Inclusive or" byte or word
r—— cad pointerusng = XOR “Exclusive or" byte or word
—"*‘*u_«— FLAG TRANSFER TEST “Test” byte or word
c;’ ol Load AH reglster from flags SHIFTS
PR Store AH register in flags SHL/SAL Shift logical/arithmetic left byte or word
45 cor
| PusHE Push fiags onto stack SHR Shift logical right byte or word
popr | Pop fiags off stack. - - SAR Shift arithmetic right byte or word
. ADDITION ' ROTATES
ADD Add byte or word ROL Rotate left byte or word
ADC Add byte or word with carry ROR - Rotate right byte or word
1M - Increment byte or word by 1 RCL Rotate through carry left byte or word
- ath h igh d
| AAA ASCHI adjust for addition RCR R:ﬁ;‘o:;ilﬁ‘o’z";g 1 byto or wor
DAA Decimal adjust for addition e oot ; -
ot carry flag
. SUBTRACTION
" CLC Clear carry fla
SUE_ Subtract byte or word MG Com Iemr:,nt cga s
588 Subtract byte or word with borrow s oot : — AL
irection fla
DEC Decrement byte or word by 1 oD C? :j'c : " ﬂg
NEG e ear direction flag
L R legate byte or word -
CMP Comparey::yte or word STH Set interrupt enabls flag
CLi Clear interrupt enatble i
AAS ASCH adjust for subtraction . . EXTERN:L sr\?;cvmou'zli\itcu
| DAS | Decimal adjust for subtraction e SR— t — '
alt until interrupt or reset
e MULTIPLICATION
, WAIT Wait tor TEST pin active
o Multiply byto or word unsignod ESC E:Zap'ar t0 extc:: ion ;Vroce sOr
IMUL Integer muiti — s s
s Q ply byte or word
: LOCK L ock bus during noxt instruction
AAM ~ ASCI adjust for multiply H: O"ER?\TlCt\: l —
- }
L DIVISION
- NOP N ]
Div Divide byte or word unsigned JH! G:c::;zf lnN STRUCTIONS
DIV Integer divide byte br word ~ 7
AAD AS Cgl o forY:iivision ENTER Format stack for procedure entry
cew C;nven :Wt; o word LEAVE Restore stack for procedure exit
we 1 ! i ibed range -
CWD Convert word to doubleword BOUND . Detects values outside prescribe rang_%

Figure 4. 80186 Instruction Set
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Addressing Modes

The 80185 Provides eight categorios of addressing
modes to speci Y Operands. Two addressing modes

are providad for Instructions that Operate on register
or immediate operands: .

® Register Operand Mods; The operand is Iocated
in one of the g. or 16-bit genera| registers,

* /mmediate Operand Mode: The Operand is in-
cluded in the instruction,

Six modes are provided to specify the location of an
Operand in g memory segment, A memory operand
address consists. of two 16-bit Components; g seg-
ment base and an offset. The Segment basg is Sup-
plied by a 16-bit Segment register gither implicitly
chosen by the addressing mode or explicitly chosen
by a Segment override prefix. The offset, also called
the effective address, is calculated by Summing any
combination of the following three address gle-
ments;

° the aisplacement (an 8- or 1 6-bit immediate value
contained in the instruction);

® the pase (contents of either the BX or BP base
registers); and

* the /ndex (contents of either the S or DI index
registers),

Any carry oyt from the 16-bit addition is ignored,

Eight-bit displacements are sign extended to 16-hit
values,

Combinations of these three addrass elements dg-

fine the six memory addressing Modss, described
below,

* Direct Modo: The operand'’s offset is contained in
the instruction as an 8- or 16-bjt displacement ¢|-
ement.

* Register indirect Mode: The operand’s offset is in
one of the registers Si, DI, BX, or BP.

* Based Moge; The operand’s offset is the sum of
an 8- or 16-bit displacement and the contents of
a base register (8X or BP).

* Indexed Mogs: The operand’s offset i the sum
of an 8- or 16-bit displacement and the contents
of an indax register (Si or D). '

* Based indsxey Mode with Displacement: The op-
erand'’s offset is the sum of a base register’s con.
tents, an index register's contents, and an 8- or
16-bit displacement,

Data Types

The 80186 directly supports the following data
types:

in an 8-bjt byte or a 16-bit word. All opéranons

* Pointer: A 16- or 32.pit Quantity, composed o
16-bit offset component or a 16-bit segment bz .
component in addition to g 16-bit offset compg.
nent.

° String: A contigubus Séquence of bytes or words,
A string May contain from 1 to 64K bytes.

* ASCIlI- A byte representation of alphanumeric ang
control charactersg using the ASCY standard of
character representation.

* BCD: A byte (unpacked) representation of the
decimal digits 0-9,

® Packed BCD- A byte (packed) Tepresantation of
two decimal digits (0-9). One digit is stored in

« each nibbls (4-bits) of the byte,

® Floating Point- A signed 32., 64-, or 80-bit real
number representation. {Floating point operands
are supported using the 80186/20 Numeric Data

In general, individual datg elements muygt fit within
defined segment limits, Figure 7 graphically repre.
sents the data types supported by the 80186,

I/0 Space

The /O Space consists of 64K 8-bit or 32K 16-bit

ports. Separate instructions address the 170 space
with either an 8-bit port address, specified in the in-
struction, or 3 16-bit port address in the DX register.
8-bit port addresses zre Zero extended such that
A1s-Ag are Low. 110 port addresseg 00F8(H)
through 00FF(H) are reserved.

Interrupts

An interrupt transfers execution to a new program
location. The old program address (CS:IP) and mia-
chine state (Status Word) are saved on the stack to
allow resumption of the interrupted Program. inter-

initiated interrupts occur in response to an external
input and are classified as non-maskable or maska-
ble. ’
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Relocation Address Bits R19-R8 T

AMX = Master Interrupt Controlier mode /IRMX compatible Interrupt Controlier(0/1) .

Figure 10. Internal Register Map

of the midrange memory chip select may also be
selected. Only one chip select may be programmed
to be active for any memory location at a time. All
chip select sizes are in bytes, whereas 80186 mem-
ory is arranged in words. This means that if, for ex-
ample, 16 64K x 1 memories are used, the memory
block size will be 128K, not 64K.

Upper Memory CS

The 80186 provides a chip selsct,-called UCS, for
the.top of memory. The top of memory is usually
used as the system memory because after reset the
80186 begins executing -at memory focation
FFFFOH.

Figure 9, Relocation Reglster

The upper limit of memory defined by.this chip selec
is always FFFFFH, while the lower limit is prograr
mable. By programming the lower limit, the size ¢
the select block is also’ defined. Table 7 shows th
relationship between the base address selected an
the size of the memory block obtained.

Table 7. UMCS Programming Values

Starting Memory UmCS Value

Address :
(Base ‘Blpck (Assuming

Address) -Size RO=R1=R2=0)
FFCO0 1K FFF8H
F~800 2K - FFB8H
FFO00 4K FF38'
FEOOOQ 8K FE38:
FC000 ©o18K FC3at
F8000 32K FB838H
FFO000 64K FO38H-
EO000 128K EO38H
CoCQ0 256K COo38H

The lower limit of this memory block is defined in the
UMCS register (see Figure 11). This register is a
offset AOH in the internal control block. The lega
values for bits 6-13 and the resulting starting :ad
dress and memory block sizes are given in'Table 7
Any combination of bits 6-13 not shown in Table 7
will result in undefined operation. After reset, the
UMCS register is programmed for a 1K area. It mus
be reprogrammed if a larger upper memory area is
desired.

. . 15 14 13 12 11 10
OFFSET: FEH [ ET [RMX] X [Msi0]
ET = ESC Trap / No ESC Trap (1/0)
M/IO = Register biock located in Memory / 170 Space (t/0)
Interrupt Controller mode (0/1)
- OFFSET -~~~
Relocation Register FEH
R DAH
* DMA Descriptors Channel 1~ -
DOH
o - CAH
DMA Descriptors Channel 0
SRR COH
: S L ABHL.
Chip-Select Controf Reg_i_sters -
AOH
Time 2 Control Registers
60H
5EH
Time 1 Controt Registers
) 58H
. 56H
Time 0 Control Registers
50H
- ) 3EH
Interrupt Controller Registers
20H

Any internally generated 20-bit address whose up-
per 16 bits are greater than or equal to UMCS (with
bits 0-5 “0") will cause UCS to be activated. UMCS
bits R2-R0 are used to specify READY mode for the
area of memory defined by this chip-select register,
as explained below.

Lower Memory CS

The 80186 provides a chip select for low memory
called LCS. The bottom of memory contains the
terrupt vector table, starting at location 00000H.. -




[

The lower limit of memory defined by this chip select
is aiways OH, while the upper limit is programmable.
By programming the upper limit, the size of the
memory block is also defined. Table 8 shows the
relationship betwgen the upper address selected
and the size of the memory block obtained.

Table 8. LMCS Programming Values

Upper Memory - LMCS Value

Address' Block (Assuming
Size RO=R1=-R2=0)

0O3FFH 1K 0038H
007FFH | 2K 0078H
OOFFFH 4K 00F8H
01FFFH 8K -01F8H
03FFFH 16K 03F8H
O07FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FFgH

The upper limit of this memory block is defined in the
LMCS register (see Figure 12). This register is at
offset A2H in the internal contro! block. The legal
values for bits 6-15 and the resulting uppér address
and memory block sizes are given in Table 8. Any
combination of bits 6-15 not shown in Table 8 will
result in undefined operation. After reset, the LMCS
register value is undefined. However, the LCS chip-
select line will not become active until the LMCS
register is accessed.

Any irternally generated 20-bit address whose up-
per 16 bits are less than or equal to LMCS (with bits
0-5 “1") will cause LCS to be active. LMCS register
bits R2-R0 are used to specity the READY mode for
the area of memory defined by this chip-select regis-
ter. '

Mid-Range Memory CS

The 80186 provides four MCS lines which are active
within a user-locatable memory block. This block
can be located anywhere within the 80186 1M byte
memory address space _exclusive of the areas de-
fined by UCS and LCS. Both the base ad-

60186

dress and size of this memory block are programma-
ble.

The size of the memory block defined by the mid-
range select lines, as shown in Table 9, is deter-
mined by bits 8-14 of the MPCS register (see Figure
13). This register is at location A8H in the internal
control block. One and only one of bits 8~14 must
be set at a tima. Unpredictable operation of the MCS
lines will otherwise occur. Each of the four chip-se-
lect lines is active for one of the four equal contigu-
ous divisions of the mid-range block. Thus, if the to-
tal block size is 32K, each chip select is active for 8K
of memory with MCSO0 being active for the first range
and MCS3 being active for the last range.

The EX and MS in MPCS relate to peripheral func-
tionally as described in a later section.

Table 9. MPCS Programming Values

Total Block - Individual MPCS Bits
Size Select Size 14-8

8K 2K C2000018B

16K 4K 00000108

32K 8K 00001008

64K 16K £0010008

128K 32K 02100008

256K 64K 01000008

512K 128K 10000003

The base address of the mid-range memory biock is
defined by bits 15-8 of the MMCS register (see Fig-
ure 14). This register is at offset A6H in the internal
control block. These bits correspond to bits
A19-A13 of the 20-bit memory address. Bits
A12-A0 of the base address are always 0. The base
address may be set at any integer muitiple of the
size of the total memory block selected. For exam-
ple, if the mid-range block size is 32K (or the size of
the block for which each MCS line is active is 8K),
the block could be located at 10000H or 18000H,
but not at 14000H, since the first few integer multi-
ples of a 32K memory block are OH, 8000H,
100004, 18000H, etc. After reset, the contents of
both of these registers is undefined. However, none
of the MCS lines will be active until both the MMCS
and MPCS registers are accessed.

—

5 14 13 12 11 109 8 7 6 5 4 3 2 1 0
OFFSET: AOH[ 1+ [ 1t JUuTU T v vl uTuJuJul1]1] 1 R2]RI]Ro]
A19 At
—
Figure 11. UMCS Register.
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OFFSET: A8H {1 lmslmslmlmalmzlmlmolexlmsl HEREREIRRES
Figurae 13. MPCS Register
15 g 3 0
OFFSET:AGH[Ulu[uiulululu]1I1[1[1l1]1|n2lmiao]
A19 A13

Figure 14. MMCS Register

MMCS bits R2-R0 specify READY mode of opera-
tion for all mid-range chip selects. All devices in mid-
range memory must use the same number of WAIT
stetes.

The 512K block size for the mid-range memory chip
selects is a special case. When using 512K, the
base address would have to be at either locations
OGOOOH or 80000H. If it were to be programmed at
00000H when the LCS line was programmed, there
would be an internal contlict between the LCS ready
generation logic and the MCS ready generation log-
ic. Likewise, if the base address were programmed
at 80000H, there would be a conflict with the UCS
ready generation logic. Since the LCS chip-select
line does not become active until programmed, while
the UCS lina is active at raset, the memory base can
be set only at 00000H. If this base adcress is select-
ed, however, the LCS range must not be pro-
grammed.

Peripheral Chip Selects

The 801886 can generate chip selects for up to seven
peripheral devices. These chip selects ars active for
seven contiguous blocks of 128 bytes above a pro-
grammable base address. This base address may
be located in either memory or 1/0 space.

Seven CS lines called PCS0-6 are generated by the
80186. The base address is user-programmable;

however it can only be-a multiple of 1K bytes, i.e.,
the least significant 10 bits of the starting address
are always 0.

FCS5 and PCS6 can also be programmed to provide
jatched address bits A1, A2. if so programmed, they
cannot be used as peripheral selects. These outputs
can be connected directly to the A0, A1 pins used
for selecting internal registers of 8-bit peripheral
chips. This scheme simplifies the hardware interface
because the 8-bit registers of peripherals are simply
treated as 16-bit registers located on even bounda-
ries in 170 space or memory space whers only the
fower 8-bits of the register are significant: the upper
8-bits are “don’t cares.”

The starting address of the peripheral chip--~ect
block is defined by the PACS register (see  iure
15). This register is located at offset A4H in th: ter-
nal control block. Bits 15-6 of this register ccrre-
spond to bits 19-10 of the 20-bit Programmable
Base Address (PBA) of the peripheral chip-select
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. If the chip-select block is
located in 1/0 spacs, bits 12-15 must be pro-
grammed zero, since the 1/O address is only 16 bits
wide. Table 10 shows the address range of each
peripharal chip select with respect to the PBA con-
tained in PACS register.

15

5 3 0

orrse: aHl U J U ul

6
T JuJulululul

1] 1 ] 1 | R]R]RO]

A19 |

A10

Figure 15. PACS Register
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us‘or should program bits 15-6 to correspond to
desired peripheral bass location. PACS bits 0-2
used to specify READY mode for PSCO-PCS3.

- Table 10. PCS Address Ranges

Tabls 12. READY Bits Programming

3CS Line Active between Locations
PCS0O PBA —PBA+127
PCS1 - "~ PBA+128—PBA+ 255
PCS2 PBA +256—PBA + 383
PCS3 PBA+384—PBA+511 -
PCS4 PBA+512—PBA +639 -,
PCS5 PBA + 640—PBA + 767 .
PCS6 PBA+768—PBA + 895

node of operation of the peripheral chip selects
fined by the MPCS register (which is also used
t the size of the mid-range memory chip-select
. see Figure 16). This register is located at off-
8H in the internal control block. Bit 7 is used to
t the function of PCS5 and PCSS, while bit 6 is
to select whether the peripheral chip selects
'apped into memory or 1/0 space. Table 11
ibes the programming of these bits. After reset,
dntents of both the MPCS and the PACS regis-
e undefined, however none of the PCS lines

> active until both of the MPCS and PACS reg-

are accessed.

Table 11, 88, EX Programming Values

Description

1

Peripherals mapped into memory space.
= Peripherals mapped into 170 space.

0 = 5PCS lines. A1, A2 provided.

1 = 7 PCS lines. A1, A2 are not provided.

o
!

bits 0-2 are used to specify READY mode for
-PCS6 as outlined below.

JY Generation Logic

1188 can generate a "READY" signal internal-
ach of the memory or peripheral CS lines. The
r of WAIT states 1o be inserted for each pe-
I or memory is programmabile to provide 0-3
ites for all accesses to the area for which the
lect is active. In addition, the 80186 may be
nmed to either ignore external READY for
Yip-select range individually or to factor exter-
ADY with the integrated ready generator.

control consists of 3 bits for each CS line or
flines generated by the 80186, The interpre-
f the ready bits is shown in Table 12,

AN e~ N,

The internal ready generator operatas in paralle!
with external READY, not in serigs if the external
READY is used (R2 = 0). This means, for exampla,
if the interna) generator is set to insert two wait
states, but activity on the external READY lines will
insert four wait states, the processor will only insert
- four wait states, not six, This is because tha two wait
~ states ‘generated by the internal generator over-
" lapped the first two wait states generated by the ex.
- ternal ready signal. Note that the external ARDY and
SRDY lines are always ignored during cycles ac-
cessing internal peripherals.

"R2-R0 of each control word specifies the READY
.- mode for the corresponding block, with the excep-

tion of the peripheral chip selects: R2-R0O of PACS
— set the PCS0-3 READY mode, R2-R0 of MPCS set
the PCS4-6 READY mode.

“Chip Select/Ready Logic and Reset

Upon reset, the Chip-Select/Ready Logic will per-
form the following actions:

: ® All chip-select outputs will be driven HIGH,

¢ Upon leaving RESET, the UCS line will be pro-

---grammed to provide chip selects to a 1K block

with the accompanying READY control bits set at
011 to allow the maximum number of internal wait
states in conjunction with external Ready consig-
eration (i.e., UMCS resets to FFFBH).

* No other chip select or READY control registers

have any predsfined values after RESET. They
will not become active until the CPU accesses
their control registers. Both the PACS and MPCS
registers must be accessed before the PCS lines
will become active.

R2| R1| RO | Number of WAIT States Genera@,

0/ 0] 00wait states, external RDY
also used,

00| 1/|1waitstate inserted, external RDY
also used.

ci110 2waitstatesinserted, external RDY
also used.

01 1 | 3 wait states inserted, external RDY
also used.

1101 0]0wait states, external RDY
ignored.

11011 1 wait state inserted, external RDY
ignored.

1 11 0 | 2wait states inserted, external RDY
ignored. : |

1 1 1 | 3 wait states inserted,.extemalRDY
ignored.
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Figure 16. MPCS Register

DMA CHANNELS

"The 80186 DMA controlier provides two indepen-
- dent high-speed DMA channels. Data transfers can
occur between memory and §/0 spaces (e.g., Mem-
ory to 1/0) or within the same gpace (e.g., Memory
to Memow or /0 to 1/0). Data can be transferred
either in bytes (8 bits) or in words (16 bits) to or from
even or odd addresses. Each DMA channel main-
tains both a 20-bit source and destination pointer
which can be optionally incremented-or decrement-
ed after each data transfer (by one or two depending
on byte or word transfers). Each data transfer con-
sumes 2 bus cycles (a minimum of 8 clocks), one
cycle to fetch data and the other to store data. This

_provides a maximum data transfer rate of one
Mword/sec or 2 MBytes/sec.’

DMA Operation

v Eagh chapnel has six registers in the control block
which deflqe each channel's specific-operation. The
control registers consist of a 20-bit Source pointer (2

words), a 20-bit destination pointer (2 words), a 16-
bit Transfer Counter, and a 16-bit Control Word. Th2
format of the DMA Control Blocks is shown in i alis
13. The Transfer Count Register (TC) specifies the
number of DMA transfers to be performed. Up to
64K byte or word transfers can be performed with
automatic termination. The Control Word defines the
channel's .operation (see Figure 18). All registers
may be modified or altered during any DMA activity.
Any changes made to these registers will be reflect-
ed immediately in DMA operation.
Table 13. DMA Control Block Format

Register Name Reglster Address W

‘Ch.0 Ch. 1

Control Word CAH DAH

Transfer Count .C8H DeH -
Destination Pointer (upper 4 CoH DéH

bits) : S
Destination Pointer C4H - -|™ D4H
Source Pointer (upper 4 bits) | C2H D2H
Source Pointer COoH DOH

20 BIT ADDER/SUBTRACTOR

ADDER CONTROL

TRANSFER COUNTER CH. 1 le—

DEST. ADRS. POINTER CH. 1

SRC. ADRS. POINTER CH. 1

lmmsr:n COUNTER CH. 0 |
- DEST. ADRS, POINTER CH. 0

LOGIC TIMER REQUEST
I DRQ1
REQUEST | m
SELECTION
LOGIC f."ﬂ.g
DMA
CONTROL
LOGIC
- INTERRUPT
REQUEST

SRC. ADRS. POINTER CH. 0 |

¢

CHANNEL CONTROL WORD 1

CHANNEL CONTROLWORD 0

.

INTERNAL ADDRESS/DATA BUS

N

210451-9

2

~. Figure 17. DMA Unit Block Diagram
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. X = DON'T CAFIE.
Figure 18, DMA Control Register
A‘A Chaﬁnel Control Word Register_ TC: If set, DMA will terminate when the

sh DMA Channel Control Word determines the
de of operation for the particular 81086 DMA
innel. This register specifies:

the mode of synchronization;
~hether bytes or words will be transferred;

whether interrupts will be generated after the last
rransfer;

~vhether DMA activity will cease after a pro-
yrammed number of DMA cycles:;

he relative priority of the DMA channel with re-
spect to the other DMA channel:

vhether the source pointer will be incremented,
lecremented, or maintained constant after each
ransfer;

vhether the source pointer addresses memory or
'O space; -

thether the destination peinter will be increment-
d, decremented, or maintained constant after
ach transfer; and

thether the destination pointer will address
1emory or 1/0 space,

OMA channel control registers may be changed
2 the channel is operating. However, any chang-

1ade during opsration will affect the current DMA
sfer,

A Contro! Word BIt Descriptions

: Byte/Word (0/1) Transfers.
STOP: Start/stop (1/0) Channei.

//NOCHG: Change/Do not change (1/0)
ST/STOP bit. If this bit is set when
wiiting to the control word, the
ST/STOP bit will be programmed
by the write to the control word. If
this bit is cleared when writing the
control word, the ST/STOP bit will
not be altered. This bit is not
stored; it will always be a 0 on

. fead.

Enable Interrupts to CPU on
Transfer Count termination.

contents of the Transfer Count regis-
ter reach zero. The ST/STOP bit will
also be reset at this point if TC is set.
If this bit is cleared, the DMA unit will
decrement the transfer count register
for each DMA cycle, but the DMA
transfer will not stop when the con-
tents of the TC register reach zero.

SYN 00 No synchronization.

(2 bits) - HHOTE: The ST bit will be cleared
automalically when the contenis
of the TC register reach zero re-
gardless of the state of the TC bit.

01 Source synchronization.
10 Destination synchronization.
11 Unused.

SOURCE:INC Increment source pointer by 1 or 2
{(depends on B/W) after each trans-
fer.

M/10 Source pointeris in M/10 space (1/0).

DEC Decrement source pointer by 1 or 2
{depends on B/W) after each trans-
fer.

' DEST:  INC.Increment destination pointer by 1 or

2 (B/W) after each transter.

M/IO Destination pointer is in M/I0 space
(1/0).

DEC Decrement destination pointer by 1
or 2 (depending on B/W) after each
transfer.

P Channel priority—relative to other
channel.

0 low priority.
1 high priority.

Channels will alternate cycles if both
set at same priority level.

TDRQ 0: Disable DMA requests from
. timer 2.
1: Enable DMA requests from
timer 2.
Bit 3 Bit 3 is not used.

It both INC and DEC are specitied for the same
pointer, the pointer will remain constant after each
cycle.
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DMA Destination and Source Pointer
Registers

Each DMA channel maintains a 20-bit source and'a
20-bit destination pointer. Each of these pointers
takes up two full 16-bit registers in the peripheral
control block. The lower four bits of the upper regis-
ter contain the upper four bits of the 20-bit physical
address (see Figure 18a). These pointers may bs
individually incremented or decremented after each
transfer. If word transfers are performed the pointer
is incremented or decremented by two. Each pointer
may point into either memory or 1/0 space. Since

the DMA channels can perform transfers to or from -

odd addresses, there is no restriction on values for
the pointer registers. Higher transfer rates can be
obtained if all word transfers are performed to even
addresses, since this will allow data to be accessed
in a single memory access.

DMA Transfer Couhﬂt Register

Each DMA channel maintains a 16-bit transfer count
register (TC). This register is decremented after ev-
ery DMA cycle, regardless of the state of the TC bit
in the DMA Control Register. If the TC bit in the DMA
control word is set or unsynchronized transfers are
programmed, however, DMA activity will terminate
when the transfer count register reaches zero.

DMA Requests

Data transters may be either source or destination
synchronized, that is either the source of the data or

the destination of the data may rezes e daty

- transfer. In addition, DMA transfers ey ce unsyn-

chronized; that is, the transfer will taks Zare contin.
ually until the correct number of tra~sizrs has. oc-
curred. When source or unsynchronzsc Tansfers
are performed, the DMA channel mzy 220 another
transfer immediately after the enc = =
DMA transfer. This allows a compis TEnsfer to
take place every 2 bus cycles or egT ook cycles

oravious

(assuming no wait states). No prefeshiing occurs

when destination synchronization is Peired, how-
ever. Data will not be fetched from = scurce agd-
dress until the destination device sczs that it s

. ready to receive it. When destinatio~ =«~crronized
transfers are requested, the DMA carrsiar will re-
linquish control of the bus after every mmsier. If no
other bus activity is initiated, another Dt cycle will
begin after two processor clocks. T™hs s done to
allow the destination device time t= =~cvs its re-
quest if another transfer is not dess=z Since the
DMA controller will relinquish the bis += 2PU can
initiate a bus cycle. As a result, a com zus cycle
will often be inserted between dessmzror synchro-
nized transfers. These lead to the mzwrum DhA
transfer rates shown in Table 14.

Table 14. Maximum DMA Transie =ates

Type of
Synchronization | CPU Running - I%! Halted
Selected :
Unsynchronized 2MBytes/sac |
Source Synch 2MBytes/sec |
Dastination Synch 1.3MBytes/sec

HIGHER
REGISTER
ADDRESS

XXX

XXX XXX A19-A16

LOWER
REGISTER
ADDRESS

A15-A12

A11-A8

A7-A4 A3-A0

15

XXX = DON'T CARE

Figure 18a. DMA Memory Pointer Reglster Format

i




Timer Operation

The timers are controtiert "+ 11 16-bit registers in
the inlernal peripheral cr*" block. The configura-
tion of these registers i+ #:©OWnN in Table 15, The
count register contains # f-,'tment value of the tim-
er. It can be read or writtews % any time independent
of whether the timer is nsr g Of not. The value of
this register will be incsasented for each timer
event. Each of the timer# & ©quipped with a MAX
COUNT register, which dafiraus the maximum count
the timer will reach. After r;;@j;hmg the MAX COUNT
register value, the timer c/i»t: value will reset to zero
during that same clock, i.8.. e maximum couqt val-
ue is never stored in the ¢z~ register itself. Timers
0 and 1 are, in addition., #=sPped with a second
MAX COUNT register; wFi-8nables the timers to
alternate their count betwe®n two different MAX
COUNT values programm#a~ =y the user. If a single

MAX COUNT register is w4~ the timer output pin -

will switch LOW for a single <ok, 1 clock after the
maximum count value has #&% reached. In the dual
MAX COUNT register moses, 7€ output pin will indi-
cate which MAX COUNT sazgsier IS Curr?ntly in use,
thus allowing nearly comptasse freedom in selecting
waveform duty cycles. For #.% timers with two MAX
COUNT registers, the RIU ¢  the control register
determines which is used & € comparison. -~ -
Each timer gets serviced ew#~y fourth CPU-clock cy-
cle, and thus can operate af $5€ds up to one-quar-
ter the internal clock frequar /.y {one-eighth the crys-
tal rate). External clocking of +€ imers may b? dgne
at up 1o a rate of one-quar’ of the internal CPU-
clock rate (2 MHz for an § #£¢:Z CPU clock). Due to
internal synchronization arv$ epelining of t?e timer
circuitry, a timer output may 1€ up to 6 clocks to
respond to any individual ci/# Or gate input.

Since the count registers and the maximum ¢
registers are all 16 bits wide, 16 bits of resolutior
provided. Any Read or Write access to the timer
add one wait state to the minimum four-clock
cycle, however. This is needed to synchronize
coordinate the internal data flows between the i
nal timers and the internal bus.

The timers have several programmable options

* Ali three timers can be set to halt or continu
a terminal count.

* Timers 0 and 1 can select between internal
external clocks, alternate between MAX CO!
registers and be set to retrigger on exte
events. ) '

* The timers may be programmed to cause ar
terrupt on terminal count.

These optidns are selectable via the timer mo
control word.

Timer Mode/Control Register

The mode/control register (see Figure ¢ ; alk
the user to program the specific mode of uisera
or check the current programmed status for any
the three integrated timers.

. Table 15. Timer Control Block Format

Register Name Register Offset
. Tmr. 0} Tmr. 1 Tmr. 2
Mode/Control Word | 56H | SEH 66H
Max Count B8 54H 5CGH' | not prese
Max Count A 52H 5AH 62H
Count Register 50H 58H 60H

14 13 12 11

5 4 3

5 .
TR e L AU T o ]

f Mmc RG] P ]E;TIAZTICC;)W

Figure 20. Timer Mode/Control Register
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In-Service Register pre  3-bit encoded field indicating a priority leve
for the source; note that each source must bg
This register can be read from or written into. it con- programmed at specified levels.
tains the in-service bit for each of the internal inter; k. mask bit for the priority level indicated by pr,
rupt sources. The format for this register is shown in bits. '
Figure 35. Bit positions 2 and 3 correspond to the S
DMA channels; positions 0, 4, and 5 correspond 1o |
the integral timers. The source’s IS bit is set when GFFSET |
the procassor acknowledges its interrupt request. LEVEL § CONTROL REGISTER aAH
(TIMER 2)
v ; LEVEL 4 CONTROL REGISTER
e A
interrupt Recqueast Register (TIMER 1) 38H
This register indicates which internal peripherals LEVEL 3 CONTROL REGISTER no
have interrupt reguests pending. The format ¢f this (DMA 1) o
register is shown in Figure 35. The interrupt request LEVEL 2 CONTROL REGISTER 241
tits are set when a request arrives from an internal (DMA 0)
scurce, and are reset when the processor acknowl- LEVEL 0 CONTROL REGISTER soH
edges thle request. {TIMER 0)
INTERRUPT STATUS REGISTER 20H
Mask Register _ N
- . . . ! INTERRUPT-REQUEST REGISTER 2EH
The register contains a mask bit for each interrupt
source. The format for this register is shown in Fig- IN.SERVICE REGISTER 2CH
ure 35. If the bit in this register corresponding to a ’
particular interrupt source is set, any interrupts from - . -
that source will be masked. These mask bits are ex- PRIORITY-LEVEL MASK REGISTER | 2AH
actly the same bits which are used in the individual
control registers, i.e., changing the state of a mask MASK REGISTER 28H
it in this register will also change the state of the
mask bit in the ingividual interrupt controi reglster SPECIFIC EOI REGISTER 224
corresponding to the bit.
INTERRUPT VECTOR REGISTER 2oH
Control Registers
s & Der
These registers are the control words for all the in- Figure 33'-'"‘””?3 Controlier Reglsters
ternal interrupt scurces. The format of these regis- (IRMXT™ 86 Mode)
ters is shown in Figure 36. Each of the timers and
both of the DMA channels have their own Control
Register.
The bits of the Control Registers are encoded as
tollows:
15 14 13 8 7 ] 5 4 3 2 1 0
foToJTo Tl e o eJTolofJoJoloJofte]ur]w]

Figure 34. Speclfic EOl Register Format

15 14 13 8

6 5 4 3 2 1 g

o]o.ooolo

7
0

I

Ttvr2fTMR1] 01 [ 0o | o [1mmol

Flgure‘35. In-Service, Interrupt Request, and Mask Register Format
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rupt Vector Register : Interrupt Controller and Reset

register provides the upper five bits of the inter- Upon RESET, the interrupt controller will perform
vector address. The format of this register is the following actions: :

n in Figure 37. The interrupt controllor itself . implying Ful
dos the lower three bits of the interrupt vector * All SFNM bf‘S reset to 0, implying Fully Nested

stermined by the priority level of the interrupt Mode. L . .
ist, * All PR bits in the various control registers set to 1.
This places all sources at lowest priority (level
armat of the bits in this register js: 111). .
bit field indicating the upper five bits of the ~ * All LTM bits reset to 0, resulting in edge-sense
'ector address. . mode. :
v * All Interrupt Service bits reset to Q.
ty-Level Mask Register * All Interrupt Request bits reset to 0,
. . . . ° All MSK (Interrupt Mask) bits set to 1 (mask).
:gister indicates the lowest priority-level inter- .
hich will ba serviced. ’ * All C (Cascade) bits reset to 0 (non-cascade).
* All PRM (Priority Mask) bits set to 1, implying no
'coding of the bits in this register is: levels masked. - :

3-bit encoded fiald indication priority-level val-
ie. All levels of lower priority will be masked.

Initialized to non-iRMX 86 mode,

Pt Status Register -

'gister is defined exactly a's in Non-iRMX , "‘ '
See Fig. 26.)

15 14 13 ) 8 4 3 2 1

{olo}o]- . . o]o};lglglomxjpnszmlptgo

Figure 36. Control Word Format

15 14 13 8 7 6 2

]o]o]o[o ° . ~lol:4lt3l;‘lz:[‘z?)lo[;l%]

Figure 37. Interrupt Vector Register Format

]:]ololo'- . -loAlo]olgl;l-glr:)zlnLlio—j

Figure 38, Priority Level Magk Register

L_J L] | L__*_l
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INSTRUCTION SET SUMMARY

" Shaded arags indicate instructions not available in 8086, 8088 microsystems,

l

|

Function Format ccy':::: Comments

DATA TRANSFER A
MOV = Move: T T B
Register to Register/Memory I&o 100w | mod reg r/m | 2ne
Register/memory to register E @) 0101w l mod reg r/m—] 2/9
Immediate to register/memory - l 1100011w | mod000 r/m | data ] data if w= ﬂ 12-13 8/16-bit
Immediat? to register [ot1w reg { data | camitme 1] 3-4 | e/16bi
Memory to accumulator -‘z l 1010000w l “addr-low l addr-highj 9
Accumuiator to memory o [(Got0001w | addriow | addrhigh | * 8

" [Register/memory to segment regls:er'“! “10001110° ’ mod 0 reg r/rﬂ . 2/9
Segment register to registar/memory; l 10001100 [ modo reg rm 2/11
IPUSH = push; C '
Memory EHHH ]modHOr/m—l 16
Register e “T“- ; 10
Segment register . 8
inmoate T [omrss ] 0"
rusiA - ot a2 _ m e s o
POP = pop: . e
Memory " [iovor117 | mog000 rvm | 20
Rogister I 01011 reg l 10
Segment register w(reg*m) 8
POPA = Pop Al ) “'5 51

IXCHG = Exchange:
Register/memory with register =~ _ l 100001t 1w l mod reg r/r] 4717
Register with accumulator " 10010 reg 3
IN = input trom: Co
Fixed port l 1110010w | pot | 10
Variable port i 8!
OUT = Output to:
Fixed port f 1110011w | pont - ) 9
Variable port g 1110111w | 7 7
XLAT = Transiate byte to AL ‘ 1
LEA = Load EA to register l 10001101 I mod reg r/rﬂ ‘ 6
LDS = Load pointer to DS . l 11000101 | mod reg rm (mod=11) 18
LES = Load pointer 10 £S l 11000100 ] mod reg r/mj (mod#11) 18
LAHF = Load AH with fiags ) : 2
SAHF = Store AH into flags . 3
PUSHF = Pushilags ~ 9
POPF = Pop flagg I 10011101 l 8




MSTRUCTION SET SUMMARY (Continued)

—
Function Format Clock Comments

Cycles

DATA TRANSFER (Continued)

SEGMENT = Segment Override:

cSs 00101110 ' 2

sS 00110110 o2

DS 00111110 2

ES 00100110 2

ARITHMETIC

ADD = Add:

Reg/memory with register to either I 000000dw l mod reg 1/m ] 3/10

Immediate to register/memory L1 00000sw l mod 000 r/m I data l dataifsw= 01‘1 4/16

Immediate to accumulator { 0000010w l data I dataifw=1 7 3/4 8/16-bit

ADC = Add with carry:

Reg/memory with register to either L 000100dw I mod reg r/m ] 3/10

Immediate to register/memory L 100000sw mod010 r/m l data l dataifsw= 01_} 4/16

immediate to accumulator 0001010w l data [ dataifw=1 ] 3/4 8/16-hit

INC = Increment:

Register/memory L1 111111w ] mod 000 r/nT] 3/15

Register 01000 reg 0 3

SUB = Subtract: ) )

Reg/memory and register to either Lo 01010dw l mod reg r/m j 3/10

tmmediate from register/memory [ 100000sw l mod101 r/m I data I data if s w=01 ] 4/16 )

Immediate from accumulator u 010110w l data ] dataifw=1 ] 374 8/15-Hit

SBB = Subtract with borrow:

Reg/memory and register to either L 000110dw I mod reg r/m _l 3,1C

immediate from register/memory L1 00000sw I mod011 ¢/m J data ] dataif s w=01 ] 4/16

Immediate from accumulator [0001110w [ can | cetaiw=1 | 3/4 8/16-5it

DEC = Decrement

Rogister/memory 111 1111w | mod0ot vm | 3/15

Register 01001 reg 3

CMP = Compare:

Register/memory with register uo 11101w ] mod reg r/m ] - 3710

Register with register/memory L 0011100w l mod reg r/m l 3/10

Immediate with register/memory L1 00000sw ] mod111 ¢/m | data l dataifsw= O1j 3/10

Immediate with accumulator [ 0011110w l data I dataitw=1 l 3/4 8/16-bit

NEG = Change sign L1111011w I mod011 r/m I 3

AAA = ASCIl adjust for add 00110111 8

DAA = Dacimal adjust for add 00100111 4

AAS = ASCI adjust for subtract I 00111111 ' . 7

DAS = Decimal adjust for subtract 4

MUL = Muttiply (unsigned): [1111011w | mod100 r/m |

Register-Byte 26-28

Register-word 3537

Memory-Byte 32-34:

Memory-word 41-43,

-Shadeg areas indicate instructions not available in 80886, 8088 microsystems.




INSTRUCTION SET SUMMARY (Gontinued)

&

Function Format S Clock Com %

’ Cyclas ments ;ﬁ
Su—

ARITHRMETIC (Continued) &

. = i i . d %
IMUL = Integer multiply (signed): I 1111011w I mod 101 r/m ¥
Register-Byte 25-28 ;
Register-Word . - 34-37 i
Memory-Byte 31-34 §
Memory-Word 4
iMUL = Int 3

(signed) .
DIV = Divide {unsigned): : -L1 111011 w l mod110 r/m §
Registe:-Byte 29 :i
Register-Word 38 #
Memory-Byte 35 £
Memory-Word 44 3
IDIV = integer divide (signed): ,_” 11011w | mod111 r/m l 4
Register-Byte 44-52 i |
Register-Word 53-61 3
Memory-8Byte . 50-58 3
Memory-Word ) 59-67 5
AAM=ASCIladjust10rmultiply I 11010100 ] 00001010 , ’ 19 >
AAD = ASCH adjust for divide L11010101 l 000010107 : 15
. : E
CBW = Convert byte to word 10011000 : . 2 i
CWD = Convert word to double word 4 $
LOGIC
Shitt/Rotats Instructions: . E
Register/Memory by 1 1101000w | modTTTr/m | 2115 3
H ]
Register/Memory by CL I 1101001w [ mod TTTr/m I 5+nr/17+n § ;
-
IFegister/Memory by Count . {1100000w | modTrrrm [ com | .- . |s+nit74n ;
TTT Instruction :
000 ROL '
001 ROR
010  RCL
011 RCR |
100 SHL/SAL . :
101 - SHR i
11 SAR i
AND = And:
Roeg/meinory and registor to eithor [J 01000dw l mod rog r/m—] 3/10
Immediate to register/memory I 1000000w I mod 100 r/m , data l dataif w=1 j 4/18
Immediate to accumutator . . 'J 010010w l data ! dataitw=1 7 3/4 8/16-bit
TEST = And function to flags, no result:
¢
Register/memory and register UO 00010w l mod reg r/m" 3/10 ‘
Immediate data and register/memory L1 111011w } mod000 r/m l data I data if w=1 —] 4/10
immediate data and accumulator b 010100w l data ’ dataifw=1 j 374 8/16-bit [
' |OR=0r: ;
Reg/memory and rogister to either L 000010dw l mod reg r/mj 3/10
Immediate o registar/imwinory DOOOOOOW l modG01 /m l data l data if w=1 I 4/18 ;
immediate 12 accumulator LO 000110w ] data l dataif w= 17 3/4 8/16-bit !

Shaded areas indicate instructions not avaitable in 8088, 8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

(TTT LLL are opcods to processor extensicn)

B Function Format gyl:ﬁ:; Comments |
r—P-ROCESSOR CONTROL

CLC = Clear carry 2

cMC = Complement carry ) 2

STC = Set carry 2

CLD = Clear direction - 2

STD = Set direction - 2

cu = Clear.imerrupt 2

STI = Setinterrupt 2

HLT = Halt ' 2

WAIT = Wait 8 ittest = ¢
LOCK = Bus lock prefix 2

ESC = Processor Extension Escape b 10131TTT l mod LLL r/mj 6

b e

Shaded areas indicate instructions not available in- 8086, 8088 microsystems.




HSCYX Technical Manual Rev. 1.0 3/88

1.3. PIN CONFIGURATION AND FUNCTIONS

1.3.1 PLCC package 44 pins

5 . =
< c
B5S82328538%5
inlnlelnlulsloialnlalial
€ 0 4 3 2 1V 4443 @ A 4D
W co O07 ' ] DRORA
Cs [a [ oRaM™
RaDA [0 . 7 [J DRORB
RTSX {10 3 [J TeClXA
ETBA/oxpA O 1t 37 ReCIKA
oA 12 3417 AxCIKA
™08 O 13 : X 7] ReCLKB
TS5 /008 [« SAB 82525 =[] noxs
R o HSCX > p AxCIXB
a0a [ =3 ] TARX
res 17 » P TS
9 U DA MITINITME
SRS EEARENIRRERERERS!
I3FTITIIIZE
Symbol Pin | Typ Function
i
1
DO 42 /0O ’ |
o1 43 DATA eus‘ |
02 “ N
03 1 The Data Bus lines are bl-directional threa-state lines which |
D4 2 imtartace with the systemn’s Data Bus. 1
05 3 These lines carry data and command/status to and from the [
D6 L4 | HSCX 1[
07 5 : |

Figure 1.2: SAB 82525 Pin Configuration

SIEMENS Proprietary Information 3 , 1.5



Symbol Pin Typ 1 Function

RD /1C1 8 | READ, Intel Bus Mode, M1 connected to low |
. i

| This signal indicates a read operation. Whan the HSCX is |
selected via CS the READ signal enabies the bus drivers
lo put data from an internal register adressed via AG-AS on
the Data Bus. '

When the HSCX Is selected for DMA transfers via DACK,
meRDslgnalemblesmebusdﬂvertoputdatafromthe
respective Receive FIFO on the Data Bus. Inputs to AG-AS
ars ignored.

INPUT CONTROL 1, Motorola Bus Mode, IM1 connected
to high

If Motorola Bus Modoe has been salected this pin serves
sither as ]

E = Enable, active high (IMO tied to low) or

DS = Data Strobe, activs low (IMO tled to high)

input (depanding on the selection via IMO) to control
Read/Write operatic. 3.

[

| WR/ICD 7 | WRITE, Intel Bus Mode
\ .

|

tha HSCX loads an Intefnal register with data provided via |
the Data Bus. When DACK s active for DMA transfers the |
HSCXIoadsdmfromtermaBtmonmetopofthe
respective transmit FIFQ,

: |

This signal indicates a write operatich. When CS is active ’
!

I

INPUT CONTROL 0, Matorola Bus Mode
in Motorola Bus Moda. this pin serves as the R/W input 1o
distinguish betwesn Read or Write operations.

cs 8 I |cHIP SELECT

Alowslqrmwet:strmHSCXforaﬂeadlwmaoperaﬂon.

AXDA 9 ! RECEIVE DATA (Channel A/Channel B)
RXDB 16

Serlal data is recsived on‘these pins at standard TTL or
CMOS levels.

8 » SIEMENS Proprietary Information
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Symbol

Pin

Typ

Functon

RTSA
RTSB

10
15

REQUEST TO SEND (Channel A/Channel B)

When the RTS bit in the MODE register is set, the RTS .
signal goes low. Whaen the RTS is resat, the signal goes
higr if the transmitter has finished and there is no further :
request for a transmission.
in a bus configuration, this pin can ba programmed via !
CCR2 to: i
- go low during the zctuzl transmission of a frame |
shilted by one clock peried, excluding collizion bits.
- go low during the recsption of a data frame. .
- stay always high (ATS disabled). . ;

CTSA/
.CXDA
CTSB/
CXDB

1)

14

CLEAR TO SEND (Channel A/Channel B)

A low on tha CTS inputs snables the respective transmitter. !
Additionally, an interrupt may be issued if a state transition |
occurs at the CTS pin (programmable fsature). If no "C:eari
To Send” function is required, the CTS inputs can be ;
connected directty to GND. ‘

COLLISION DATA (Channel A/Chaniiel B)

In a bus configuration, the extemal serial bus must be'
connacted to the respective CxD pin for collision detection.

TXDA
TXDB

12
13

TRANSMIT DATA (channel A/Channel B)

Transmit Data Is shifted out via these pins at standard TTL
or CMOS levels. These pins can be programmed !0 work
either as push-pull, or open drain outputs supporting bus !
configurations. '

RES

17

RESET

A high signal on this input forces the HSCX Into the reset
state. The HSCX Is In power-up mode during reset and in
power- down mode zfter reset. The minimum puise which
Is 1.8 micro seconds. '

““:1
I

SIEMENS Proprietary Information
o
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F Symbol Pin TP "~ Function
IM 1 18 I {INPUT MCDE 1 ;
Connecting this pin to either VSS or VDO the bus interface
can be adeptsd to either SIEMENS/INTEL or Motoroia |
environment. ' |
IM1 = LOW: Intel Bus Mode
{M1 = HIGH: Motorola Bus Mode
rALE / IMQ 19 ! ADDRESS LATCH ENABLE (Intal Bus Moda)
A high ontnls‘llnahﬁk:ams an address on tha edernal
address/data bus, which wil ssiect one of the HSCX's|
internal regis:efs.Th?eaddressislaid\edbymeHSCXwim‘
the falling edge of ALE. This allows the HSCX to be directly;
connected to a CPU with muftiplexed Address/Data Busl
compatible to SAB 82520 HSCC. ‘1
Tha Address input Pins AO-AS must be externally connected.
to the Data Bus Pins (D0-D§ for 8-bit CPU's, D1-07 for
16-bit CPU's, Lo. muztiply all intermal register addresses Dy!
2). ‘
l
|
INPUT MODE 0, Motorola Bus Mode . ‘
{in Motorola Bus Mode, the level at this pin determines the,
hmctimdﬁmlmpén(saodw‘pﬁmofpine).v _Jl
| vss 20 1 | GROUND V) \
- ; i
|
AD ad . ADDRESS BUS
At 26 ' Thesr inputs interfaca with sgven bits of the System's
A2 25 Addruss Bus to select one of tha intemal registers for read
A3 24 or write.
A4 3 They are usually connected at AQ-AS In 8-Blt systems of at
A5 22 A1- A7 in 16-BIt systems. :
A6 J 21 | '

1.8 ‘ ‘\ SIEMENS Proprietary Information
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| Symbol

Pin

Typ

Function ;

28

INTERRUPT REQUEST

The signal Is activated, when the HSCX requests an

Intarrupt. .

The CPU may determine the particular source and cause of

the interrupt by reading the HSCX's interrupt status .

registers. (ISTA, EXIR). !

lNThanopmdmmmmmuatr\oknenuptrequests§

outputs of several HSCX's can be connected to one |

intermupt input in a "wired-or* combination. :
|

This pin must b connected to a puil up register.

DACKA
DACKB

B8

DMA ACKNOWLEDGE (Channel A/Channel B) !
When low, this input signal from the DMA controller notxfes
the HSCX, that the requestad DMA cycle controlled via -
DRQxx (pins 37-40) is in progress, i.e. the DMA corller | ;
rmsadalevedbamn\astmh!pfromeCPUandwillstan’
- data transfer cycles (either read or write). ‘
Together with RD, f DMA has been requested from'he
receiver, or with WR, if DMA has been requested from the
transmittar, this Input works iike CS to enabie a data byte to -
be read from or written to tha top of the Receive or
Transmit FIFO of the specified channel, :
It DACKn Is active, the input to pins AD-A6 is ignored and '
the FIFOs are implicitty selected. !
It the DACKn signals are not used, Me pins must be !
connacted to VDD i

AxCLKA
AxCLKB

31

Y

ALTERNATIVE CLOCK (Channel A/Channei B) [
These pins realize saveral input .functions. Depending on
the salected clock mode, they may supply sither a ,
- CD (=Carrier Detect) Modem Control or Gene'al.
Purpose input. |
This pin can ‘be programmed 1o functions as receiven
enable ¥ the "auto starr feature 8 selected (CAS bit mj‘
XBCH set). ﬂmstatoatmbp!ncanberaadfromvsml
register,
- cra recelve strobe signal (clock mode 1) |
- or a frame synchronisation signal in timesiot oriented |
operation mode (clock mode 5) 1!
- or, together with AxCLK, a crystal connection for the ;
imemal oscillator (clock mode 4,6.7)

SIEMENS Proprietary Information
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[ Symbol

Pin

Typ

Funcsion

[ TxCLKA
TxCLKB

g8

1/0

TRANSMIT CLOCK (Channal A/Channet B) ‘
The functions of these pins depsnd on the programmed|

- clock mode, provided that the TSS bit In the CCR2 register:

s resst. Programmed as inputs (if the TIO bit In CCR2 is
resat), they may supply either |
- the transmk dock for the respective channed (dockl

moda 0,2.6),

- of a transmit strobe signal (clock mode 1).
Programmesd as outputs (i the TIO bit in CCR2 Is set), the
TXCLK pins supply either the ‘

- transmit clock of the respective channel which is|

genarcted

gither |

* from the baud rate generator (clock mode 2.5; TSSI

bit in CCR2 sat),

* or from the DPLL circuit (clock mode 3,7), ‘

* or from the cristal oscilator (clock mode 4) i

- Of a tristate control signal Indicating the programmed:

transmit time siat (Clock mode 5).

RxCLKA
RxCLKB

88

RECEIVE CLOCK (Channel A/Channei B) |
The functions of these pins also depend on the |
programmed clock mode. in sach channel, RxCLK may
supply either '
- the recstve clock (clock mode 0) i
- or the recsive and transmit clock (clock mode 1,5) |
- or tha dock for the baud rate generator {(clock mode
23), j
- oOr a crystal connaction for the Internal oscilator ,
(clock mode 4,6,7, RxCLKA/B tc Jether with AXCLKA)

DRQRA
DRQRB

37

DMA REQUEST RECEIVER (Channet A/Channef B) !
The receiver of the HSCX requests a DMA data transfer by |
sctivating this line.

Tha DRQRN remains high as long as the Receive FIFO
requirnsdamtmndem.tru.zsa!waysb#ocksddaza’
(32,16.8, or 4 bytes) are transfered.
DRQRN is deactivated immediately foflowing the failing -
sdge of the last read cycla.

SIEMENS Proprietary Information
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Symbol Pin | Typ I Funciion ’
DRUTA | 40 | O | DMAREQUEST TRANSMITTER (Channei A/Channci 8) |

" DRQTB 38 The transmitter of the HSCX requests a DMA data transfer \
' ‘ : by activating this line. ’
The DRQTn remains high as long as the Transmit FIFO
‘requires data transfers.
ﬂwamoumofdaxabytestobetrmwsfaredfmmsystemi
mamory to the HSCX (=byts count) must be written first |
to the X3CH, XBCL registers.
Alvimys blocks of data (n * 32 bytes + REST, n = 0,1,...)
are transfered til the Byte Count is reached.
DRCTn Is deactivated lmmadiamh/ following the falling:
edge of the last WR cycle. .

{
|
-

V oo 41 I | POWER +5V power suppiy.

S

\ b

: [ H o L o
SIEMENS Proprietary Information ‘ 1.11
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1.4. SYSTEM INTEGRATION

' 1.4.1 General Aspacts

Figure 1.3 gives a general overview of the system integration of HSCX.

MEM]ORY CPU

INT

System Bus

DRQTA, DRQRA, DACKA

DMA :
e e cm i o
CONTR'OLLER DRQTB, DRORB, DACKB HS|CX

i‘“____‘_____-'_—couumo

Figure 1.3: General System Integration of HSCX

The HSCX's bus interface consists of an 8-bit bidirectional Data bus (D0 - D7), seven Address Line
puts (AD - AB), three control inputs (RD / DS, WR / RAW,CS), one interrupt request output (NT) and
a 4channal DMA Interface (DRQTA, DRQRA, DACKA, DRQTB, DRQRB, DACKE). Mode input pins
(strapping options) allow the bus interfacs to be configured for either SIEMENS/INTEL or Motorola
environment. ' :

Generally, there arr two types of transfers occuring via the system bus:

- Command/Staius transfers, which ara always controlied by the CPU. The CPU sets the operation
mode (Initlalization), controls function sequences anrd gets status information Ly writing or reading
the HSCX's registers (via CS, WR or AD, and register address via AD-AB).

- Data Transters, which are effectively performed by DMA without CPU interaction using the HSCX's
DMA interface (DMA Mode). Optionally, interrupt controlled data transfer can be done by the CPU
(imterrupt Mode). K
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1.42.3 HSCX with SAB 80183 Microprocessor and SAB 82258 Advanced DMA Controtler
(ADMA) :

in applications, where two high-speed channels are required, a 16-bit system with 80186 CPU «1.d
82258 ADMA Is suitable. This is shown in figure 1.6.

+o
i .
on T _ &n
€ N
M
noA SAB m”m‘:@____.mn CASEL A
SA8 82258 L3
iz oed T .
80186 ADHA = 82575
(ool] X
g =
i ouTL 8
el ) oo YL
= . om
HH [
Lketoan ‘Dum—tey Coztred
1 >
~ - ~ L ~ > J\
< Swta“ Bus Al..A7 DOD7 /
System
Memory

Figure 1.6: HSCX with 80186 CPU / 82258 ADMA

The four Selecter Channels of ADMA are used for serving the four DMA Request sources of H3CX,
aliowing very high data rates at both the system bus and the senal channeis.

Ancther big advartage of the ADMA Is it's Data Chaining feature, providing an optimized mernory
management for receive and transmit data. Recording the HSCX, a linked chain of 32 byte deep
buffars can be set up. which are subsequently filled with thn contents of the HSCX's FIFOS dunng
reception. Not used buffers can be saved and linked 1o ancther buffer chain reserved for the
reception of the next frame. '

As a result, t's not necessary to resarve a very large space in system memory, determined by the

SIEMENS Proprietary Information 1.15
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maximum frama length of every recsived frame.

In this exampie, the ADMA works directly at the CPU's local bus and shares the same bus interface
logic (Address Latches, Transceivers, Bus Controiier) with the 20186. Since one OMA Acknowledge
line is provided for sach DMA Request, two DACK outputs must be anded together for input to the
HSCX.

The HSCX's Data lines are connected 10 the lower haif of tha system data bus (D0...D7) and the
Address lines to Al...A7, thus (from the CPU's point of view) all internal register addresses must be
muitiplied by two (gven register addresses oniy).

a.g. CMDR register: HSCX Address 61H < = > System Address C2H

. e e . A e - on e



DSs1228

DALLAS

SEMICONDUCTOR

: DS1228
+5V Powered Dual RS-232
Transmitter/Receiver

FEATURES

o Operatos from a single 5V power supply
« Two drlvors und two roceivors

e Moeats all ElA RE-232 -C spucificaiions
® On-board voltage doubter

e On-board voltage invernter

® + 30V input levols

* 1+ 9V output lovels with + 5V supply

* Low-power CMOS v

¢ Pin-compatible with the MAX 232

* Optional 16-pin SOIC surface mount package

DESCRIPTION

The DS1228 is a dual RS-232-C Recelver/Transmitter
that meets all EIA specifications while operating from a
single, +5 volt supply. The DS1228 has two internal
charge pumps. One of the charge pumps Is used to gen-
erate +10 volts. The other is used to genwurdte -10 volts,
The DS1228 also contains four level translators. Two of
tholevel transiators are RS-232 transmitters which con-
veoit TTL/CMOS inputs into + 9V RS-232 outputs. The
othor lwo lovel translators are capable of operaling with

PIN ASSIGNMENT

cis | 4 16| Jveo
vel| 2 15| | ano
a1 [ 3 14 JnouT ci I |1 16{100 veo
- - Velit] | 2 15{1[} GND
c2 13 JRIIN
*['_ * j] ! . Ci-{If} {3 14 |10 T1OUT
ce-[] s 12| JRIOUT co, i} | 4 13 [I1 A1IN
. Cz2-[j{s 12 |1} RIOUT
v [i ¢ (A0 W LLT vt | DO g
Tzout 1| 7 10 :]T2'N TeouT (I} |7 1610 T2IN
T [ 2IN £ u
R2IN l 8 ¢ R20UT R2ZIN {ir] 8 9 {1l ReOUT

16-Pin DIP (300 MIL)
See Moch. Drawing
Sect 16, Pg 1

16—Pln SOIC (77 MIL)
&oe Much. Drawing
Secl. 16, Py. 6

PIN DESCRIPTION

Cis, C1 Capacitor 1 Connections
C24,C2 Capacitor 2 Gonneciinns
Vi, V- + 10 Volts

T1IN, T2IN Transmitter In

T10UT, T20UT Transmitter Out

R1iN, R2IN Racsliver In

R1OUT, R20UT Recuiver Out

Vee +5 Volts

GND Ground

up to 130 V inputs. The DS1228 is suitable for all
RS-232 communications and Is particularly valuable
where higher voltage power supplies for RS-232 drivers
are not avallable. The power supply section of the
DS1228 supplies 1 10 volts from the Vg input.

See the DS 1229 data sheet for electrical specifications
and operation.

021792 1

16-31



4

i
A
]

"DALLAS

. SEMICONDUCTOR

2/D8123:

Pon,
SRR

DS123
MicroMonitor Chi

FEATURES

¢ Halts and restarts an out-of-control microprocessor

¢ Holds micioprocessor In ched: durlng powar
transients

¢ Automalically restarts mioroprocessor after powor
tailure

¢ Monitors pushbutton jor external overrido

* Accurate 5% or 10% microprocessor power supply
monitoring

¢ Eliminates the need for discrete components
* Space-saving, 8-pin mini-DIP
* Optional 16-pin SOIC surface mount package

¢ Industrial temperature -40°C to +86°C avallable,
designated N

DESCRIPTION

The DS1232 MicroMonltor Chip monitors three vital
conditions for a microprocessor: power supply, software
oxocution, and oxlernal override. First, a precision tem-
parature-compensated reference and comparator cir-
ctiit monitors the status of V.- When an out-of-toler-
ance condition occurs, an internal power fail signal is
gonoratod which forces resot to the active state. When
Ve retumns to an In-tolerance condition, the reset sig-
nals are kept in the active state for a minimum of 250 ms
to allow the power supply and processor to stabllize,

PIN ASSIGNMENT

NOLI} | 1810 N
FeRsT a1 | ¢ 1o I} VC
A \J ne | s 1410 N
PBAST { | 1 8]lvce o
PBAST | i w romls  1afm &
10 [} 2 7|} & Nl yzim i
ToL [ 3 - j RETF ToLUr|e 11 | RS
. NG |7 10/ N
GND [ f 4 s[1nsT oo s o[I0 as

DS1232 8-Pin DIP D51232S 16-Pin S0IC

(300 Mil) (300 Mil)
See Moch. Drawing o6 Much. Drawing

Secl. 16, Pg. 1 Sect. 16, Pg. 6

PIN DESCRIPTION
PBRST - Pushbutton Reset Input

D - Time Delay Set

TOL - Selects 5% or 10% V¢ Detect

GND - Ground

RST - Reset Output (Active High)

RST - Raset Output (Actlve Low, Open Draln
8T - Strobe Input

Vee - +5 Volt Power

NC - No Connections

The second funcilon the DS1232 paiforma ls puslibt
ton reset control. The DS1232 debounces the pushibt
ton Input and guarantees an activa reset puise width
250 ms minimum. The third function is a watchd: 1 time
The DS1232 has an internal timer that forces thc res
signals to the active state if the strobe input is not drive
low prior to time-out. The walchdog timer function ac
be set to operata on time-out settings of approximate
150 ms, 600 ms, and 1.2 seconds.

021492 1/7
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OPERATION — POWER MONITOR

The DS1232 dotacts out-of-tolorance power supply
conditlons and waing n procnannor bannd ryntom of im
pondding power tallure. Whon Ve falls bolow a prosot
level aa dofined by TOL (PIn3),tho Ve comparator out-
putsthe signals RST (Pin 5) and RST (Pin 6). When TOL
is connected to ground, the RST and R&T signals be-
coma active as Vg falls bolow 4.75 volts. WhonTOL Is
connected to Vg, the RST and AST signals become
active as Vg falls below 4.5 volts. The RST and RST
arg exceollent control signals for a microprocessor, as
processing is stopped at the last possible moments of
valid Vee. On power-up, RST and 83T are kept active
for a minimum of 250 ms to allow the power supply and
processor to stabllize. .

OPERATION - PUSHBUTTON RESET

Tho DS1232 provides an Input pin for direct connoction
to a pushbutton (Figure 2). The pushbutton reset input
requires an active low signal. Internally, this input is de-
bounced and timed such that RST and RST signals of at
least 250 ms minimum are generated. The 250 ms delay
starts as the pushbutton reset Inputis released from low
level.

MICROMONITOR BLOCK DIAGRAM Figure 1
ST N,

OPERATION - WATCHDOG TIMER

A watchdog timar function forens RST and T

tothe netlvo stato whan the 5 Tinputis not sty

a predotermined time period. The time patio

the TD Inputto bo typically 150 ms with TD col

ground, 600 ms with TD loft unconnected, an

onds with TD connectad to Veo. The watch

slarts thming out from tho sot timo poriod as so
and R3T are inadtive. If a high-to-low transiti
onthe ST input pin prior to time-out, the watct
Is reset and begins to time-out again. If the
timer is allowed to time-out, then the RST and
nals are driven to the active state for 250 ms ¢
The 3T input can be dorived from microproc
dress signals, dala signals, and/or contro
When the microprocessor is functioning norm:
sighals would, ns a matter of routing, causeo 4
dog to be resot pror to time-out. To guaranto
walchdog timer does not time-out, a high-to-lc
tion must occur at or less than the minimum

Table 1. A typical circuit exampla is shown in

Vee
TOLERANCE
BIAS

DIGITAL

SAMPLER

[EC. REFERENCE

LEVEL SENSE’
PBRST > AND

" )| DisITAL | &
FDELAY _ DO '

i

TIME-OUT

DEBOUNCE ,

D > VOLTAGE

COMPARATOR
L

SENSE

021492 2/7
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+5 VDC
o Vee
ST
> ALE
DS1232 | ST
- AST
RST
) » RST
8051
wP
WATCHDOG TIMER Figure 3
+5 VDC
PBRST Vee
+5Voo 1D il MREG
TOL | ps1232 | RsT 10K ——
GND L 280 \ADDRESS | pECODER|
— RST RST BUS

021492 377
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OPERATION — POWER MONITOR

The DS1232 detacts out-of-tolorance power supply
conditions and warns a processor-basad system of im-
ponding powor failura. Whon Ve talls bolow a prosol
lovol ns dofined by TOL (Pin 3),the Vi comparator out-
putsthe signals RST (Pin5) and RET (Pin 6). When TOL
is connected to ground, the RST and R3T signals be-
coma activo as Vec Inlla balow 4.76 volts. Whon TOLIa
comacted lo Vg, the RST and AT signals become
active as Vg falls below 4.5 volts. The RST and RST
are excellent control signals for a microprocessor, as
processing is stopped at the last possible moments of
valid Vce. On power-up, RST and BST are kept active
for a minimum of 250 ms to allow the power supply and
processor to stabllize. .

OPERATION — PUSHBUTTON RESET

The DS1232 providos an input pin for direct connoction
to a pushbutton (Figure 2). The pushbutton reset input
requires an active low signal. Internally, this input is de-
bounced and timed such that RST and R8T signals of at
least 250 ms minimum are generated. The 250 ms delay
starts as the pushbutton reset Inputis released from low
level.

MICROMONITOR BLOCK DIAGRAM rFigure 1
ST .

OPERATION - WATCHDOG TIMER

A watchdog timer function forcas RST and T

tothe activo state whon tha ST inputis not st

a precloterminod time poriod. The tima poric

the TD Inputto bo typleally 160 ma with TD o

ground, 600 ms with TD laft unconnected, al

onds with TD connectad to Vee. The watdl

starts thulng out from the set timn portod as ac
and RET are Inactive. If a high-to-low transil
onthe ST input pin prior to time-out, the watc
Is reset and begins to time-out again. If the

timer is allowed to time-out, then the RST an
nals aro driven to the active state for 250 ms

The 8T input can be darived from microproc
dress signals, data signals, and/or contre
Whenthe microprocessoris functioning norm
signals would, as a matter of routine, cause
dog to be reset prior to time-out. To guarante
watchdog timer does not time-out, a high-to-|
tion must occur at or less than the minimun
Table 1. A typical circuit oxample is shown in

Vee

TOLERANCE
BIAS ‘*{>_
T.C. REFERENCE }—r

DIGITAL
SAMPLER

-

—*l )| DIGITAL | -
DELAY | {>O

PERST S LEVEL SENSE R A
B - AND -] TIME-OUT ]
DEBOUNCE COMPARATOR
-

D > | VOLTAGE

SENSE
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74HC/HCY 244

VAL BUFFLER/LINE DRIVER; 3-STATE

JJURES

utput capability: bus driver
¢ Cateyory: MSI

TERAL DESCRIPTION

fAC/HCT244 are high-speed

te CMOS devices and ate pin

atible with fow power Schottky
(L.STTL They are spacified in
Wisnes with JEDLEC standard no, /A,

TAHC/HCT244 are octal

CONDITIONS

Cy = 16 pF
Veg=5V

i

MSI
TYPICAL
UNIT
HC HCT
9 1 ns
3.5 3.5 pF
35 35 pF

notes 1and 2

SYmMBoOL PARAMETER
propagation delay
:l:HL/ 1Aq 0 1Y,
PLi 2A, 0 2Y,,
Cy input capacitance
C powur dissipation
PO capacitance per buffer

nvarting butfer/ling deivers with R . s e B i s e
< outputs. The 3 state outputs are GND =0V, Tyb = 257Citp =1y =6 ns

olled by the output enable inputs
and 20E. A HHIGH on nOE causus
aipats to assumg o bigh impodancy t.

Notes

Cpry is usud to dutarmine the dynamic powuor dissipation (Pyy in pWj:

:‘;22’1 dentical t© the “240” but PO = Cpp x VCC! x fi + ¥ (CL x VCC* x fol where:

S tdentice Qe u

un-inverting outputs. fi = input frequency inv MHiz CL = output toad capaci(ance in pF
fo = output frequency in MHe VCC = supply voltage in V :

S ACL x V! x fy) = sum ot suiputs

;j‘»!_ON AI'IV\UL.I_;» 2. For HC  the conditdon s Vi = GND 1o Ve

INPUTS ' OLHPUT o For HCT the condition is Vi = GND to vgg — 1.5 V
ST T T PACKAGE QUTLINES
I nA,, nY,
L [ SEE PACKAGE INFORMATION SECTION
H H PIN DESCRIPTION
X Z L . o e —
R PIN NO. SYMBOL NAME AND FUNCTION
IGHE yoltage level S T o e e e e -
)V'V voltage luvel 1 10€ output enable input (active LOW)
n't care )
gh impedance OFF state 24,68 1Ag 10 1A3 data inputs
3,95,7,9 2Ypto 2Y 3 bus outputs
10 GND ground {0 V)
17,115,113, 1 2A0p 10 2Ag data inputs
18, 16, 14, 12 tYgto 1Yy bus outputs
19 20E output enable input (active LOW)
20 Veg positive supply voltage
voe [ \ w| v 2 1Ag g 8 Lhden
"\dl 2 l'll ARl >|.).7')7;\7(-)W.“- T ?‘H}y; ‘IVA —]
; o]
Jn,l 1 n|||‘-u A [\ AL 4 n
s ) eng 6 2A, f vy s o i 14
Yl w] vy 6 1A » AL fo —
244 el TN [ SR S
Ay (e 1] 2n, 13 24, [,? vy ! Hb[l—r'm
[ v WorAy SRR
1Ay [ "I)"' i aa) : [f vy N Dol
[ L
vyl ”"“ [ ‘{\ (T e N
"””l!‘.’ "l Iy [ PTSTN. 2 [y ] 3
TZRIAN 1z81847
Fig. 1 Pin contiguration. Fig. 2 Logic symbol, Fig. 3 1EC logic symbol.
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Fig. 4 Functional diagram.




JA4HC/HC 1 173

MSH
QUAD D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE
FEATURES el e S IR R
TYPICAL
® Gated input enabloe for hold {do SYMBOL | PARAMETER CONDITIONS UNIT
nothing) mode HC HCT
e Gated output enable control - _j_,&.;. I
¢ Edge-triggered D-t register propagation delay
. e e ype regis tPHL/ CP to Qp . 7| 17 | s
& Asynchronous mastor rasoet tPLH MR to Q C= 15 pF 1 17
‘o Out ) ) o O Ve =6V 3 ns
: put capobility: bus drivar ISP . e e cc~» SEPSRUSSS BRSNS
';. lcg category: MmsSl Lax maxlmum clock fraquoency 688 88 Miiz
‘;GENER/\L DESCRIPTION Cy | et capacitance 3.5 3.5 pF
| U M JE DO VPR S . . y e
"The 7AHC/HCT 173 nre high-spand s
N nr dJisg
Si-gate CMOS dovicos and aro pin Cro i tmen tor fip flop | "0t 2 200120} pF
_compatible with low power Schottky R - : - S F TS ,
ITTL (LSTTL). They are specified in GND = 0 V; Tympy =26 °C; t =ty = 6 ns
‘c'ompliance with JEDEC standard no. 7A.
iThe 74HC/HCT173 are d-bit parallel Notes
i|oud rogistors with elock anabla cuntrol, 1. Cpp Is usad to doterminag the dynamic power dissipation (Pp in pW):
'3-state buffered outputs (Qg to Q3) and PD = Cpp x Vee! x fi + ¥ {CL x Vg x o) whare:
master resat (MR). o= . . . .
; bin i (" | i = input frequency in Mtz CL = outputloard capacitance in pF
Whan tha two daota anabia inputs {2 anc f; = output lrequency in Milz vee m osupply voltage in V
[Ez) ara LOW, tha datn on tha Dy inputs is L(CL x V! x o) = sum of outputs
‘loaded into the registar synchronously 2 F li R or X
with the LOW-to-HIGH clock {CP) . For y‘(g‘r ll'm (_oml!l!f)n !s | i ('ZND to V(iC
. transition, Whan ona or both En inputs or the condition is V| = GND to Vce — 1.5V
. .are HIGH one sat-up timo prior to tha
" JLOW-to-HIGH clock transition, the PACKAGE OUTLINES
register will ratain tho provious datn. Data
Inputs and clock anabla Inputs ara fully - E Papp
. Yedge-triggered and must ba stable oniy SEE PACKAGE INFORMATION SECTION
. .one set-up time prior to the LOW-to-HIGH
fclock transition.
“The mastor reset input (MR) is an active PIN DESCRIPTION
 HIGH asynchronous input. Whon M1 s PO S
- LHIGH, all four flip-flops are reset (cleared) PIN NO SYMBOL NAME AND FUNGTION
“lindependently of any other input ) e e e e
condition. 1,2 OE,, 6@2 output enable input {active LOW)
The 3-state output buffers are controlled 34.56 Q .
,4,5, to Q 3-state flip-flop outputs
iby a 2-input NOR gate. When both output 0 3 ) p-tiop ' )
. anable inputs (‘O‘E1 and ()’Ez) are LOW, 7 cpP clock input (LOW-to-HIGH, ndga-triggered)
_{the data in the register is presented to the 8 GND ground {0 V)
+{Qn outputs. When one or both 08, nputs 9,10 Ey, By data enable inputs {active LOW)
_tare HIGH, the outputs are forced to a high )
| Impadance OF F-state. The 3-state output 14,13,12,11 | Doto D3 data inputs
“|buffers are complataly Indepoendant of the 15 MR asynchronous mastar reset {active HIGH)
| register oparation; the OF,, transition does 16 Vee positive supply voltago |
“jnot affact the clock and reset operations.
It I O
6[][;» |n|Ml| [E R I I B |lY|:‘
ag {7 4 - [0, l),_ﬁl-—;l "
! 14} 0g 0 —off] ) 2 L)
a4 13] 04 10 —j':D RN
B S b < T e 5
e s s 1) M.
a2} R ! we o g
o )1 T - _
- — 1791817 1 3 4 5 & 2
IND [."_ u ] it x| -
X4 PLE]Y “""'_l’"”'”’ '
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC lcyic symbol,




74HC/HCT173
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1% - o,
,;_,_m . "y .

[s] 10 02
12[02 | g 5
1 {03 - Qg
L
101€;
18 n
sfvn
) {0F,

1293020

Fig. 4 Functional diagram.

_

3
FUNCTION TABLE
INPUTS OUTPUTS
REGISTER OPERATING MODES |— : - - —
MR | CP | Ey| E; | D, Qy, (register)
reset (clear) H X X X X
L t 1 | I L
parsaliel load L i | | h 0
. , i X h X X n
hold {no change) _j L X X h X J an
3.STATE BUFFER INPUTS

OPERATING MODES

L
read H
. X
disabled X
H = HIGH voltage lovael
h = HIGH voltage Ievel one se
L+ LOW voltage loval
I = LOW voltage tevel ono snt-n
a = lowoer cose latters indicate the state
one set-up time prior to the LOW-t
X = don't care
Z = high impedance OF F-stato
P LOW-to-HNGHE CP transition

L

Qp, {register) | OE, OE,

OUTPUTS ——l

Qo QyQy| Q3
Ll (Ll
H H H H
z lz |z 1z
z |z |z 1z

t-up time prior to the LOW-to-HIGH CP transition

0y

cr —D——DO—

-

P thno prior to the LOW-10-HHG1] CP transitlon
ol the ralerencaed input {or output)
o-HIGH CP transition

04

:

N

Oq

Fiq. 5 Logic diagram.,

rzitaar




74HC/HCT32

2-INPUT OR GATE

RES

wt capability: standard
category: SSi

|AL DESCRIPTION

{C/HCT32 are high-speed
>MOS deviceos and are pin

ble with low power Schottky
S5TTL). They are speciflod in

ncewith JEDEC standard no. 7A.

41C/HCT32 provide the
OR function.

SSlI
W TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
e/ propagation dolay CL - 1[:4,;[1 s 9 e
tPLH nA, nB tonY Veg =5V
Cy input capacitance 3.5 3.5 pF
. powaor dissipation R }
Cro capacitonco par gnto notes 1and 2 16 28 k
GND=0V; Tymp = 26 City=ty=6ns
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp In W)
Pp =Cpp x Vg x fi+ Z (CL x vee? x fol where:

fi =
fo = Qut

input frequency in MHz

put frequency in MHz

Z(CL x V! x fo) = sum of outputs

the condition is Vi = GND to VcC
For HCT the condition is Vi = GND to Vg — 1.5V

PACKAGE OUTLINES
SEE PACKAGE INFORMATION SECTION

2. For HC

cL =

vVce supply voltage in V

output load capacitance in pF

PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,9 12 1A to 4A data inputs
2,5,10,13 18 to 4B data inputs
3,6,8 11 1Y to 4Y dato outputs
7 GND ground (0 V)
14 Vee positive supply voltage
. —
LA 1v]3 _‘Z"” > _3
2|18 2]
w] YV [ ve
18 (2| 73] 8 N o av|e ‘_ =1 0
_5{20 5 -
w @ 12} 4n -
a2 32 ) av ";: ;j_'DQY. LI 7:_ > T
20 (o 0] an —
2v o] 7] 24 HM‘DL!.‘_‘_ T >
13]4 A S
ano (7 ] av I 13 -
TIRTANOD Y rrnran 7]01:0_;
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.




74HC/HCT32
i SSlI

i
: 1v|Jd

~2)18 o
~A2A

Iy
sl 4 )
R 1A

ivis
Jo}38 -

i
>
>

s s
Iz
=

12087420

Fig. 4 Functional diagram.

s Doy

rzeoonn

Fig.5 Logic diagram 74HC
{one gote).

FUNCTION TABLE

INPUTS ouTpPuT
nA nB nY
I L L
L H H
H L H
H ¥ J M

H = HIGH voltaga laval
L = LOW voltage taval

a=teu

Fig.6 Logic diagram 74HCT

(one gata).

1783121

{

CHARACTERISTICS FOR 74HC

tho DC characteristics son chaplor “HCMOS |

ut capability: standard
category: SSI

CHARACTERISTICS FOR 74HC
'=0Vitr=tf=6ns; C|_=50pF

amily charneteristics”, section "Foamity specitications’”,

Tamp (°C) TEST CONDITIONS
74HC
NBOL | PARAMETER UNIT Vee | WAVEFORMS
+25 —40t0 +85 | ~401to +125 v
min.} typ. | max. | min.| max. | min. | max.
, 22 230 116 136 2.0
/ Propagation delay 8 |18 23 27 |[ns a5 | Fig.7
o nA, nB tony 6 15 20 23 6.0 "
/ 19 75 95 110 2.0
L output transition timae 7 15 19 22 ns 4.5 Fig. 7
iy 6 13 16 19 6.0 i




INVERTER

"URES

tput capability: standard
C category: SSi

IRAL DESCRIPTION

AHC/HCTO4 ara high-spoed
a8 CMOS davicas and aro pin
stible with low power Schottky
{LSTTL). They are specified in

Hance with JEDEC standard no. 7A.,

'4HC/HCTO04 provide six inverting
rs.

74HC/HCTO

SSi
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ propagation delay Cp=16pF 7 8 s

tPLH nAtonY Vee =5V ’

Cy Input capacltance 3.5 3.5 pl

CpD power dissipation notes | and 2 21 24 pkF

capacitance per gate
— JEY DR, —_—
GND=0V:; Tanp =25°Cty =t =6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Ppy in pW):
PD=Cpp x Vce! x fi+ T (CL x V¢! x fo) where:
fi = Input ftequancy in MHz CL. = output load capncitanca in pF

fo = output frequancy tn Milz
LCL x Veg! x fy) = sum of outputs

the condition is V| = GND to V¢
For HCT tho condition is Vi = GND to Vg — 1.6 V

2. For HC

PACKAGE OUTLINES
SEE PACKAGE INFORMATION SECTION

Ve

= supply voltage in V

\
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9, 11, 1311A to 6A data inputs
2,4,8,8, 10, 12(1Y to 8Y data outputs
7 GND ground {0 V)
14 Vee positive supply voltage
o M
A 1y
1 —— 2
. U ) vee D 3 ' -
v (T 3] 0a 3_7_"_-D0_7Y_. l___ ’ ~—
YN 2] ey gﬂ_D w _2_‘ ! }.\.“_
w (& 04 1] 8 ——— —
w3 0] ey 0 —‘-’-‘~-[>o~‘~'~ " o { ! T\".
avy E E an n BA O_HL 10 i ; 10
ano [7 ] av
1ZBT404 1 13 SL’DOL 12 i_‘ ; -\~‘_2-
1190948 -

Fig. 1 Pin configuration.

Fig. 2 Logic symbol.

rronvest

Fig. 3 1EC logic symbol,




‘HC/HCTO04
SSi

A Y

—— Qe

l
E

o) ST

rranern

Fig. 5 Logic diagram {one inverter},

lc

5(3A 3y
—_ O——ri-
alan 4y
.Y BASh [0 SN
11| BA |: SY {10
1i3foa (32N

72874081

I:

Fig. 4 Functional diagram.

SHARACTERISTICS FOR 74HC

FUNCTION TABLE

INPUT QUTPUT
nA nY
i |
11 L

H = HIGH voltage leve!
L = LOW voltage level

hn DC charactaristics seo chaptar “IHCMOS family charnctoristics”’, saction " Family spacilicntions”,

il capabitity: standard
category: SSi

SHARACTERISTICS FOR 74HC
120 Vity=tf=6ns;C_=50pF .

Tamt (°C) TEST CONDITIONS
74HC
MBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 -40 to +85 | —40 to +125 v
min.| typ. | max.| min.{ max. | min. { max.

. 25 | 85 105 130 2.0

i/ Propagation delay 9 |17 21 26 | ns 45 | Fig. 6
H 7 14 18 22 6.0
, 19 | 75 95 110 2.0

iL output transition tima 7 15 19 22 s 45 | Fig.6
H 6 13 16 19 6.0




DU a-ileyr NAND CA T
FUATURES

e Quipur Cipoabidity stundard

@ 'CC Citegoury: 8¢

CI' ~ L L'ESCRIPTION

The 7R CIHCT 20 are tugh spey
Si-gate CMQS devices and are ypy
compatible with jow pPower Sgnullky
TTLLSTTL). They are specified in

compliance with JEDEC standardg ng, 74,

The 74HC/ HCT 20 provide the 4454
NAND funcrion.

Tz9747

Fig. 1 Pin configuration,

[ B STV
SYNLUL eyt 1K C()NL')HI(.)NS [l T Ul
HC | HCT
! Tery BOUDLGution geigy el =15pF 8 ‘i‘ 13 s

NA N8B uC np way ,‘ Vee=5v
_— —_— L

] C | input Cupacitance !
i ¢ . }“! POwer dissipution
{ Pu __1 Capacitance per Pdckyge

GND =y v; Tamg = 25°C, I =t =6ng
Notes .
1. Ceps used to determype the dynamie power dissipatian P in uw):
PD =Cpp x VCCh x f+ v ICL x veg! « fo) where:
fi = inpat trequency in MHz Cl. - output loay Capacitance pF
fo = Qutput lluquuucv mMHz VEee = Supply vottage in v
YUC x Vee! x o) = sum of outputs

2. For HC the condition js Vi =GND o vee
For HCT the condition is vy = GND 1o Vee - 15v

PACKAGE OQUTLINES
SEE PACKAGE INFORMATION sECTION

PIN DESCRIPTION

PIN NO. Symgor NAME AND FUNCTION \]
I ——— —
LA, 24 i data inpyrs {
18, 28 data inputs
n.c. not connected
1C, 2¢ data inputs |
10, 2D data inputs
1Y, 2y data outpyrs
GND ground (0 v)
Vee positive supply voltaga

7293764 1

Fig. 2 Logic symbol Fig. 3 1EC logic symbot,

December 1990 163



1293187

Fig. 4 Functional diagram, Fig. 5 HC logic diagram (une gate). ) Fig 6 HCT logic diagram (one gate),

FUNCTION TADLE
e
i INPUTS

H=HIGH voitage jeve!
L = LOW voitage leve
X = don’t care

i

«

DC CHARACTER!STICS FOR 741ic

For the DC characteristics sea chapter “HCMOS family characteristics*
! t

Output cépability: siandard
“leg category: SS)

AECHA&A&?ERme3F0R74Hc
GND=0V:t,=tf=6ns;CL=50pF *

S

SYMBOL PARAMETER
2

! UL/
PLH I

ettt et et s

January 1988

, i
l Propagation delay
i NA, 0B, nC nDtonYy

.
, section “Family specifications”,

Tamp (°C)

f\—~\.-

[
|

EELFRITY

.

SY R3¢

oY

Fig.
ng,
suty

-




74HC/HCT138
MSI

3.TO-8 LINE DECODER/DEMULT!PLEXER; INVERTING

FEATURES

» ' Demultiplexing capability

¢ Multiple input enable for easy

, . axpansion

o ldoal for mamory chip soloct

v dacoding

e Active LOW mutually oxclusive
' outputs

[0 Qutput capability: standard

‘e Igg category: MSi

QGENERAL DESCRIPTION

gThe 74HC/HCT138 are high-speed
‘Si.gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). Thay are spacified in
;compllance with JEDEC standard no. 7A.
,iThe 74HC/HCT 138 dacodors accapt
‘thrae binary Wwelghted addrass Inputs
{Age At Aj) and whan enabled, provide
.8 mutually axclusiva activa LOW outputs
Yo to ¥7).
“The *138"" features three enable inputs:
two activa LOW (E and E) and one
active HIGH (E3). Every output will be
HIGH unless Eq and Eyare LOW and
§als HIGH.
This multipte enabla function atlows
.. easy parallel expansion of the 138" to
. 3 1-0f-32 {5 lines to 32 lines) decoder
with just four *138"’ I1Cs and one inverter.

The *“138" can be used as an eight output
demultiplexer by using one of the active
LLOW enable inputs as the data input and
the remaining enable inputs as strobes.
Unused enable inputs must be
permanenﬂy tied to their appropriate
sctive HIGH or LOW state. '

The 138" is identical to the 238"

but has inverting outputs.

AOE

U ‘Eﬂ
okz

l\‘[__?

mli e
[ niv
"[E: 138 ;J]_’
€218, 12194
=108 194
0O )7

ano [0 BINL)

[FAREERS

Fig. 1 Pin configuration.

TYPICAL

PARAMETER

propagation dalay
Apto Yy
Eq to Ya
F.,, to V”

input capacitance 3.5

power filssu)auon notes 1 and 2 67
capacitance per package

GND =0 V; Tamp =25 "Citp = 1 =G ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pWh:
PD = CPD X vee! x fre e (CLx vee! x fo) whero:

CL = output tond capacitance inpF
vee = supbly voltage in V

fj = Input fraquoncy in Milz
fo = output frequency in MHz
L AC x VCCI x fg) = sum of outputs

2. For HC  tha comdition s V| = GND to VCC
For HCT the condition is V| = GND to VCC — 165V

PACKAGE OUTLINES
SEE PACKAGE INFORMATION SECTION

PIN DESCRIPTION

e e T T T ‘_.A_.___A___________.,______._____,___—————

NAME AND FUNCTION

address inputs

enable inputs (active LOW)

anable input {active HIGH)

ground {0 V)

15, 14,13, 12 .
v e T ts {act LOW

11.10.9, 7 outputs {active )

positive su pply voitage

rre3a292?

7298815

anIr?

€] (b}

Fig. 2 Loge sytnbol. Fig. 3 1EC logle symbol,



.74HC,/HCT138

==
1
e

Fig. 5 Logic diagram.

Y Yo

rrerIyet

‘ MSI
| o9l
7 |
a ] - ov_',ﬁ
9 _ S 03? 3
2 [M 3-8 1 ENARLE |— 0\_{.-9-I 12
DECODER |__ | ExiTinGg | | 0___3“_1_
3 |"2 ] L LIS
- — o8 9.
—_— — i
&
5 |E2 I
8183
129132310
Fig. 4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
E1 E—z E3zi Ag| Aq} A2 VO 71 VZ 73 V,l ?5 VG v7
HIX XXX [X|H]H]|H|H |HIH [HH
X{HIX X | X |XIH|[H[H|HIH|H IHIH
X [x e ix | x Ix s [P (3 [H (H [HH
L]L [H L L LtL [ H[H|HIH[H|H[H
LjfL |HIHlLILIH L IH|H jH |[H |HH
LjfLiH|lLIHILIH® H L JH [H H {H H
Ll{LIH|HIH|[L]H|HIH|L IH IH [HH
L]L [H|L L HH {H{H|H[LIH |HIH
L{LIH{HI|L Hi{H{H|H|H{H L [|H[H
L{L{H|JLIH|HI|H|H|H|H|H |H L [H
LIL|HIH]H[HIH|[H|HIH [H |H H L
Aq g, Ep 5

H =HIGH voltage level
L = LOW voltage level
X =cdon't carn



AL BUS TRANSCEIVER; 3-STATE

TURES

stal bidiroctional bus intertace
mn-inverting 3-state outputs

Hput capability:
C category: MSI

bus driver

ZRAL DESCRIPTION

4HC/HICT245 are high-speed

+ CMOS duvices and are pin

iible with low powsr Schottky
LSTTL). Thuy are spacifiod in
luncu with JEDEC standard no. 7A,
AHC/HCT 245 are octal

eivers festuring non-inverting

: bus compatible outputs in both
nd recuoive diractions.

245" fuatures an output enable
nput for easy cuscading and a
eceive (DIR) for direction control.
ntrols the outputs so that the

are effactively isolated.

245" is similar to the 640" but

18 (non-inverting) outputs.

*TION TABLE

JPUTS INPUTS/OUTPUTS
DiR Ay B

A=8 inputs

H inputs B=A
X Z Z

GH voltage level

W voltage level

n't carg

I impuedance OFF-state

o tJ n| v
A2 19] o€
Ml ]

mals i

Al 16} 8y
e 245
oo vy
[ Al
*o 8 EIER
“[3 o
arn [1a oy
1Zdr481]

Fig. 1 Pin configuration,

74HC/HCT:

MSI
. TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpyiL/ propagation delay Ci =15pF 7 10 s
tPLH An to Bp; B to A, Vee=5V :
Cy input capacitance 3.5 3.5 pf
Ciyo inpui/output capuci[anca 10 10 pF
Cpn powor dissipation notus | und 2 0 30 plr
mpuc.l(un(u por nuu:.unvur
GND =0 V; 1umb 26°C;ty = 15 = 6 ns
Notas
1. Cpp s used to dotonming the dynumic powur dissipation (P in uW):
Pp =Cpp x Veg! x fi v ¥ {CL x Ve x fg) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in Mz

l:(CLX\/CClx( } =
2. For HC

the condition is Vy =

For HCT the condition is V=

PIN DESCRIPTION

sum of outputs

VCC = supply voltage in V

GND o Ve
GNDtw Vee—-15V

PACKAGE OUTLINES
SEE PACKAGE INFORMATION SECTION

PIN NO. symBoL
1 DIR
2,3, 4,5,
6. 7.8 9 Ag o Ay
10 GND
18,17, 16, 15,
14,13, 12, 11 |BotoB7
19 OF
20 vVee

m 0E [_‘D~‘

\ 'w![.,f f] )--J

% T_D—" 8
2 — 18
( « L

NAME AND FUNCTION

direction control
data inputs/outputs
ground (0 V)

data inputs/outputs

output enabla input {active LOW)
positive supply voltage

f 1Zusnig

Fia 2 4 ogic curibal

W

C

[t ]
JENT
JENZ

\vARRY

Dzvi

L LA
Tan <l
—5-4'0 A 4”"—5
LIS ENLE
Z‘ » T T - ’ll
LI BPIRY]
LS I DA
- 1287846
ol — N o~




‘74HC/HCT 245

MSlI
19|58 &
_2|fo [%J_ ofm
<
At ({ B2
87y % Oyfig
|
8]%4 N Bajia
&
S
1128 A
[>L 3
5
al|re NG i1z
“
1
9|A7 ) {} 21 18
’ t
N

Fig. 4 Functional diagram.




74HC/HCTO8
SSi

-INPUT AN SATE

ES

t capability: standard
tagory: SSI

\L DESCRIPTION

JHCTOB ara high-spend

A0S davicos and are pin

la with tow powsr Schottky
FTL). Thay ara specifiod in

cn with JEDEC standard no. 7A,
C/HCTO8 provide the 2-Input
ction.

Al U E] Vee
'“E 1] 48
Kl 2] an
an{a 08 Ti] v
wlE i o
w (3 3
ano (7 EIEX

TYPICAL

SYMBOL PARAMETER CONDITIONS ——
HC HCT

Wy propagation daliy Cy =15 pi* 7 "
tpy oyl nA, nll tonY Ve ™ HhV
Cy input capacitancs 3.5 3.5
R powat dissipation ;
Cpo copnettnnen por gote notes Tond 2 o 20

GND =0 V;: Tamp =25 "Citp =ty =0ns

Notas
1. CppD is used to determine the dynamic power dissipation (P(y in pW):
pop=CppxVee! xfi+I (CL x Vgi? x fo) where:
fi = input froquancy in MHz Ci =~ output joad capacitance in pF
fo = output frequency in MHz Ve = supply voltage in V
EAC x V! % f,) = sum of outputs

2. For HC  the condition is Vi = GMU to VCC
For HCT the condition is V1 = GND to vee - 1.5V

PACKAGE OUTLINES
SEE PACKAGE INFORMATION SECTION

PIN DESCRIPTION

PIN NO. SYmMBoL NAME AND FUNCTION ‘l
1,4,9,12 1A to 4A data inputs

2,510, 13 1B 1o 48 data inputs

3,06,8 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positiva supply voltage

e




HC/HCTO08

SSI

VA -

ol i

2 ===

4 |12A

i 2v{n

o [

2 |3A

ol av| s

10 |30 =

12 lan

e LRSI

o fen [
1z03001

Fig. 4 Functional diagram.

L
e

n rruzens

Fig. 5 HC logic diagram {one gate).

A ——

e oo
7= >o-

1zo3804

Fig. 6 HCT logic dingram
{one gate).

“TION TABLE

INPUTS ouUTPUT
A nB nY
L L
‘ H L
| L
| H H

fGH voitage level
OW voltage leve!

IARACTERISTICS FOR 7411C

e DC characteristics see chapter “HCMQS family characteristics”, section “"Family speciflications’".

t capability: standard
tegory: SSI

1ARACTERISTICS FOR 74HC

OVt =tf=6ns; C_ =50pF

Tamb {"c)

741C
30L | PARAMETER - S
+26 —40to +85 | —40 to +125
min, Jtyp. fmax, | min, [ max. | min, | max.
/ | ot 25 90 115 135
prm;\ngnlaon e nYny 9 18 23 27
nA, nB ton 7 15 20 23
/ 19 75 95 110
output transition time 7 15 19 22
6 13 16 19

R 1
TEST CONDITIONS
UNIT | Ve | WAVEFORMS
Vv

2.0
1 4.5 Fig. 7

G.0

2.0
ns a5 Fig. 7

6.0




¥ Seture
F ¥ “wtead Access Time - 45 ns
& v Rower CMOS Operation
42 %A max, Standby
o * “Amax. Active at 5 MHz
8 WEET Standard Packages
¥ D-iead 600-mil PDIP
i, BeadPLCC
- Blead TSOP and SOIC
FE0m, Supply
; ﬂﬁwﬁmmw CMOS Technology
t L¥YWESD Protection .
i Bt oA Latchup Immunity

% Swrated Product ldentification Code
o # Dwrmeniy)

Jscvintion

#rwee ~croprocessor systems.

AR 5a0g CMOs technology provides hi
P ke, avd significantly faster programming,

Ebe O Erabiovs
&ﬂﬂ@ﬂﬂ.‘

- &% WX avy
|- Lt
iy
Y
TV alm
(A
A
-
»
N
zn
z
B

£ Dxsa0s Prng 1 ang
%’ TOMNECT,

>

WCI51R s a low-power, high performanc
W e 2nly memory (OTP EPROM) organized 64K by 8 bits. it requires only
25 e supply in normal read mode operation. Any byte can be ac
4 15 g eliminating the need for speed reducing WAIT states on high per-

i L] Programming Algorithm - 100 us/byte (typical)
<3 W 2008 and TTL Compatible Inputs and Outputs

'merzial and Industrial Temperature Ranges

€ 524,288 bit one-time program-

cessed in

gh speed, lower active power con-
Power consumption is typically only

w0 Lctve Mode and fess than 10 WA in Standby.
4

PDIP, SOIC Top View
LIERN ] vce
A2 2 At4
A7 L} 3 I A13
A8 Tt 4 A8

A5l s T Ag

As Ll 8 J An
A3l 7 [? oEnvPP
a2l g A0 -
Al g CE
Aot o7

oo [}
ot os
02! O4
GND T 03

TSOP Top View
Type 1

{continued)

GHD

OoTP
CMOS
EPROM

512K (64K x 8)

00154

3-135




AlMEL

N .

Description (Continued) i System Considerations
The AT27C512R is available in a choice

ofindustry stang- Switching between active ang slandby o
ard JEDEC-approved one-time Programmaple (OTP)

Chip Enable pin may Produce r:angian:
plastic PDIP, PLCC, SOIC, ang TSOp Packages. Ajl de.

¢ TSOF . sions. Unjess accommodated by e Syslex
vices feature two-line control (CE, OE) to give designers - transients may exceed data shet fimus,
the ﬂexibih’ty to prevent bys contention, i ini

’

ith 64K byte Storage Capability, the AT27C512{% allows Quency,
firmware to be stored reliably ang 10 be accesseq by the should be

Part and guarantees reliable Programming, Programmin capacitor should e U“"Zfd' again connect,
time is typically only 100 us/byte. The Integrated Progycy t ce gnd G;ound termmabT Thl;shcapacnor 5
Identification Coge electronically identifies the device and °Ned as close as pogs; © 10 the point whs

3-136 AT27C512R

RN g FERN

g B



D 2-INPUT AN!" 1SATE

URES

tput capsbility: standard
-~ category: SS!

"RAL DESCRIPTION
AHC/HCTOB ara high-spaeed

y CMOS dovicas and are pin

wtible with low powsr Schottky
LSTTL). Thay ara spocifiod in
llanca with JEDEC standoard no. 7A.
AHC/HMCTO8 provide thy 2-input
function.

Notas

GND = 0V Tamp = 25 "Cotp = ty= G ns

74HC/HCTO
SSl
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
thyp/ propagation dalny Cy =16 pf
e H nA, ntd tony Vee b v ! " nt
Cy input capacitance 3.5 3.5 pk
C nowar disstpntion Yotne 1 19 0 20 r
L ‘PO copacitnnen por gota ' s land <« ' P

1. Cpp is used to determine the dynamlc power dissipation (P in uWj:
Pp=Cpp x Veg? x fi + £ (CL x Vei! x fol where:

fi = Input frequancy in MHz
fo = output frequency in Mz

CL

= output load capacitance in pF

Vee = supply voltage in V

EA{Cy x VCC’ x f,) = sum of outputs

2. For HC

thae condition Is Vi = GMD to V¢

For HCT the condition is Vi = GND to Vg — 1.5V

PACKAGE OUTLINES

SEE PACKAGE INFORMATION SECTION

PIN DESCRIPTION

PIN NO. SYmMBoL NAME AND FUNCTION
1,4,9,12 1A to 4A data inputs

2,510,113 1B to 48 data inputs

3,6,8, 11 1Y to 4Y dntn outputs

7 GND ground (0 V)

14 Vee positive supply voltage

a1 U 1] vee
w7 [EIRL
G il on
ISKE 08 Ti)av
[T ) 0
ol )on
ano (7 IR
1701000

A

1

— 1v] 3

The [ D

4 1IA

Rl R ) 7Y

8. lqﬂr{-. .
-

ol -1

AL

RS

v rOIRAT

o
L A 3
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_—-N AT28C§’4/.X

4 :
ticcess Time - 120 ns
{¥ite - 200 us of 1 ms
.S!Byie Write Cycle
_:WAddress and Data Latches
MControl Timer
ic Clear Before Write
«¥processor Control
“$¥BUSY Open Drain Outpit

“Proliing ; ‘ '

pana 64K (8K X 8)
¥ictive Current

4 CMOS Standby Current CMOS

wkility .

‘h:ce: 10* o1 10° Cycles EZPROM

“jutention: 10 Years

* Supply g

' TTL Compatible Inputs and Outputs
Tixproved Byta-Wide Pinout

izl and Industrial Temperature Ranges

tion : .
§ . -
y ; ’

¥4 is a lowzpower, high-pertormance 8,192 words by 8 bit nonvolatile :

% trasable and Programmable Read Only Memory with popular, easy to
1he device is manufactured with Atmel's reliable nonvolatile technol- i

§ f (continued)
grfigurations :
PDIP, SOIC
Functicn® l v
funcicn Top View
' Addresses
o " RADYBUSY
| Chip Enable rNCY L1 . 28! veC
! ' Mm20 2 WE
4 1 Output Enable A7 NC
—— | A8 A8
| Write :nable As € A3

‘I T A4 A1
| Data lnputs/Outputs A3 [9)3
A2 A10 .
3] TE
a0t vo?
Yoo 3 yo6
o1 1105
voz g 13 V04
GND G 14 vo3 LCC PLCC
1
Top View
A7 * VCC NC .
£ TSOP a12 pc WE :
4 Top View A6 "
A5 A9
Ad AN
A3 NC
A2 GE
A A0
AO CE
NC vo?

13

14151617181920

vo's 12 DC34S
vsS

¢« anYMURY (ot NC)

Note: PLCC package pins 1 and
¢ 17 are DON'T CONNECT.

- ;-— “rlﬁﬁ, 2193

0001F
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Description (Contlnued) : it
The AT28C64 is accessed like g Stati ‘

The CMOs technology offers fast access times of 123y
or write cycles without the need for external Components, at low power dissipation, When the chip is desels ot '
During a byte write, the address ang data are latcheq in- standby current jg less than 100 HA, ‘ Q
ternally, freeing_the microprgcessor.aq.drgss and da_ta bus Atmel's 28C64 has additionaj features to ensup &g
for other opgrattops. FoMowmg the initiation of a writg cy- quality ang manufacturability. The device utilizes a3
cle, the device wil : : i rection internally fo; extended
clear and write the latched data Using an internaj control

roved data retenti
] 0 Methods fof detecting the P

i Y

on characteristics. An extra 32
! 2p available for devicg igenyif fion or racey
ycle, level detection of RDY/BUSY (unless £ Mare availa e ovice iden ca onor
pin1isN C.) and DATA p NG of 1/07.!Once the end
of a write cycle has been detected, 5 New access for 5
read or write éan begin, :

Block Diagram

Vee — DATA INPUTS/OUTPUTS
GND . . 00 - 107
¢ '_‘\,

14441

' DATA LATCH

INPUT/OUTPUT
BUFFERS

L4
Absoluyte Maximum Ratings*:
Temperature Under Bias.............. -55°C 1o +1 25°C

Storage Temperature
All Input Voltages I
(including NC Pins) '
with Respect to Groungd

All Output Voltages
with Respect to Ground

............ e -65°C to +150°C

.......... v ~0.6Y to +6.25V

............. “0.6Vto Yee + 0,6y

Voltage on OE and A9
with Respect to Ground

e, 0.6Vito +13.5y




Operation

R The AT28C64 is accessed like a Static RAM.
[X and OF are low and WE is high, the data stored
e location determined by the address pins is

kéon the outputs. The outputs are put in a high im-
e state whenever CE or OE is high. This dual line
o i ges designers increased flexibility in preventing

WITE: Writing data into the AT28C64 is similar to
g a Static RAM. A low pulse on the WE or CE
it~ OF high and CE or WE low (respectnve!y) initi-
e write. The address location is latched on the
Rgeze of WE (or CE): the new data is latched on the

- rtemally, the device performs a self-clear be-
Once a byte write has been started, it will auto-
By $me #self to completion. Once a programming
Bon has been initiated and for the duration of twe,-a
will effectively be a polling operation.

¥2 BYTE WRITE: The AT28C64E offers a byte write
_dzuo ps maximum. This feature allows the entire
® % be rewritten in 1.6 seconds.

Y: Pin 1 is an open drain READY/BUSY
WM can be used to detect the end of a write cycle.

i actively pulled low during the write cycle
#’ta!based at the completion of the write. The open
Mm allows for OR-tying of several devices to

W e RDY/BUSY line. Pin 1 is not connected for the

i

s_— AT28C64/X

DATA POLLING: The AT28C64 provides DATA POLL-
ING to signal the completion of a write cycle. During a
write cycle, an-attempted read of the data being written
results in the complement of that data for 1/O7 (the other
outputs are indeterminate). When the write cycle is fin-
ished, true data appears on all outputs.

WRITE.PROTECTION: Inadvertent writes to the device
are protected against in the following ways. (a) Vcc
sense— if Vcg is below 3.8V (typical) the write function is
inhibited. (b) Vcc power on delay— once Vcg has
reached 3.8V the device will automatically time out 5 ms
(typical) before allowing a byte write. (c) Write Inhibit—
holding any one of OE low, CE high or WE high inhibits
byte write cycles,

CHIP CLEAR: The contents of the entire memory of the
AT28C64 may be set to the high state by the CHIP CLEAR
operation. By setting CE low and OE to 12 volts, the chip
is cleared when a 10 msec low pulse is applied to WE.

DEVICE IDENTIFICATION: An extra 32-bytes of
E2PROM memory are available to the user for device
identification. By raising A9 to 12 £ 0.5V and using ad-
dress locations 1 FEOH to 1FFFH the additional bytes may
be written to or read from in the same manner as the regu-
lar memory array.

2-195
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PIN DESCRIPTION
N.C. = Not connected.
Pin No.  Pin Name V'Type Other
1. VSS POWER
2. DB(3) . BIDIRECTIONAL  T'TLin/4ma out
3. DB(2). BIDIRECTIONAL TTLin/4ma out
4. DB(1) BIDIRECTIONAL  TtLin/4ma out
5. DBO) DIDIRECTIONAL  TTLin/4ma out
6. R/W : INPUT TTL M
7. Al INPUT - 1T
8. A2 INpUT T TTi.
9, N.C.
10. N.C.
11, A3 INPUT CTTL
12. VSs . POWER
13. PCMIN 8 INPUT TTIL
14. PCMIN 9 INPUT TTL
15. PCMIN 10 INPUT TTL
16. PCMIN 11 INPUT TTL -
17. PCMIN 12 INPUT TTL v
18. PCMIN 13 INPUT TTL
19. PCMIN 14 INPUT TTL
20. PCMIN 15 INPUT TIL
contd. ..
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S84 DTSN G e

’imNo.  Pin Name Type ) Other

21. CSB INPUT TIL

22. IDLE/BUSY OuUTPUT 4'I'nA drive

23. VSS POWER

24, PCMOUTO OUTPLT . 4 mA drive

25. -PCMOUTI OuUTPUT 4 mA drive
26. N.C.

27. N.C.

28. PCMOUTZ, OUTPUT 4 mA drive

29. PCMOUT3 OUTPUT 4 mA drive

30. PCMOUT4 OUTPUT 4 mA drive

31. PCMOUTS OUTPUT 4 mA drive

32. PCMOUT6 OuUTPUT 4 mA drive

33. PCMOUTY OUTPUT 4 mA drive

34, C4mh OUTPUT 4 mA drive

35. VYDD POWER

36. VSS POWER

37. C2mh ouTrur 4nA drive:

38. PCMOUTS OUTPUT 4 mA drive
39. PCMOUT9 ouTPUT 4 mA drive
40, PCMOUT_IO OUTPUT 4 mA drive
4]. PCMOUTI11 OUTPUT 4 mA drive
42, PCMOUTI12 OUTPUT 4 mA drive
43. N.C.

44, N.C.




SRR AR IATA SHEET v e o e WA, DR 00
Pin No. Pin Naue Type - Other
45, PCMOUTI3 OUTPUT 4 mA drive
40. PCMOUT14 QuUTPUT 4 mA drive
47, PCMOUTI!5 OUTPUT 4 mA drive
48. VDD POWER
49, PCMINOQ INPUT TTL
50. PCMIN1 INPUT TTL
| s1. PCMIN?2 INPUT TTL
52. . PCMIN3 INPUT TTL
53. PCMIN4 INPUT 1TL 2 Nonpull-y
54, PCMINS INPUT TTL
55, PCMING INPUT TTL
56. PCMIN7 INPUT TTL /l
57. VDD POWER
58. fpout OUTPUT 4 mA drive
59 fpin INPUT TTL
60. N.C.
61. N.C.
62. SPDTEST INPUT TTL pullup
63. SYSCLK CLOCK INPUT  TTL
64. DE(7) BIDIRECTIONAL  TTLin/5maA out
0S. DB(6) BIDIRECTIONAL TTLin/4mA out
66. DB(5) BIDIRECTIONAL  TTLin/dmA out
67. ' DB(4) BIDIRECTIONAL TTLin/4mA out
68. VDD POWIR

»
LB
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Activelow output framing pulse. This signal from the device
indicates that the bit-0 of time slot-0 is available on the

PCMOUT lines.

PCM output links, each carrying a serial stream at 2.048
mbits/s comprising of 32, 8 bit time slots (256 bits/frame).

This signal indicates whether the corresponding output time
slot is busy or not. A logic 1 indicates that the Time slot js ; - .

.

ing CLowcr) CRAM content. This signal comes ahead of
tilne (sce timing details).

Sysclk divide by 4 output signal.

Sysclk divide by 2 output signal.

System clock for the device. For2.048 mbits/s PCM stream,
the clock frequency is 8.197.

5
: : Wy
Active Jow (pulled high internally). Thjs signal disables the /
SRAM being written by the IBUF. This feature is used for
performing diagnostic check on SRAM,




DB (0.7)

AL.A3
RAW
. CSB

fpin

PCMIN(0..15)

T T

Ay

Bidirectional data bus for the micro interfacé. The external
microprocessor Reads and Writes data through this inter-
face.

’

Function select address lines : These lines are used to select
various commands that are used to program the device.

Active low indicates Read function while high corresponds
to write function.

Active low chip select signal enables the command exccu-
tion. '

Active low framing pulse. This signal indicates to the device
that bit 0 of time slot-0 on the PCMIN line. This signal
provides the framing information of the incoming PCM

Streams (PCMINO ..PCMIN 15).

The fpinpuiseislevel sensitive andmust be halfthe SYSCLK
(8.192MHz) as givenin tuning diagram. Failure to meet this
spec.will make the switch to malfunction,

L4

PCM input links, each link carrying a serial streamn at 2.048
mbits/s comprising of 32, 8 bit time slots (256 bits/frame).
These inputs are not intemally pulled and hence unused
PCM inputs must be extemnally pulled up.




